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Objective: To determine the impact of the COVID-19 pandemic on antimicrobial consumption and trends of 
therapeutic drugs for COVID-19 treatments, including corticosteroids, remdesivir and monoclonal antibodies 
(tocilizumab) from April 2017 to September 2022 in a secondary care NHS Trust in England.

Methods: A retrospective intervention time series analysis was conducted for April 2017 to September 2022 at 
the Mid Yorkshire Teaching NHS Trust. Data were retrieved from the pharmacy dispensing system as defined daily 
doses (DDDs) monthly and reported per 1000 occupied bed days (OBDs). Antimicrobial consumption and COVID- 
19 treatment options were measured. DDDs were calculated according to the classification of antimicrobials for 
systemic use (J01) and for other drugs classification. Trends for antimicrobial consumption and other therapeut
ic drugs for treating COVID-19 were also determined in each wave in England.

Results: During the pandemic: total antibiotic consumption decreased from 826.4 to 728.2 DDDs per 1000 OBDs 
(P = 0.0067); piperacillin/tazobactam use increased (P < 0.0001) and ciprofloxacin use decreased (P < 0.0001); 
there were no changes in Access, Watch, Reserve antibiotic use, and the proportion of antifungal consumption 
was consistent throughout the study. The use of total antibiotics (P = 0.024), levofloxacin (P = 0.0007), piperacil
lin/tazobactam (P = 0.0015) and co-amoxiclav (P = 0.0198) increased during wave one. Consumption of COVID-19 
treatment drugs was highest during wave two, with 624.3 DDDs per 1000 OBDs for dexamethasone (P = 0.4441), 
6.8 DDDs per 1000 OBDs for remdesivir (P < 0.0001) and 35.01 DDDs per 1000 OBDs for tocilizumab (P = 0.2544).

Discussion: This study determined the consumption of antimicrobials trends before and during the pandemic. 
The individual wave antimicrobial consumption indicates maximum consumption in the first wave, advocating 
for antimicrobial stewardship and preparedness for future pandemics.

© The Author(s) 2024. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/ 
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
Since the beginning of the COVID-19 pandemic, increased antibiot
ic consumption has been a subject of attention and consequence 
in an upsurge of antimicrobial resistance (AMR).1 Published studies 
have shown only 4%–15% confirmed secondary bacterial infec
tions in hospitalized patients with COVID-19 and are substantially 
associated with greater mortality.2–4 An additional study from the 
USA and India reported that a considerable increase in antibiotic 
consumption was observed in the first two waves of the pandemic; 
a drop in antibiotic consumption was noted later.5,6 However, a 
multicentre study by the International Severe Acute Respiratory 
and Emerging Infections Consortium (ISARIC), World Health 

Organization (WHO) Clinical Characterization Protocol UK 
(CCP-UK), revealed that 85% of inpatients with COVID-19 received 
at least one antibiotic agent during the first wave. In the UK-based 
study, the prescribing trend increased from 2017 to September 
2020, including the pandemic period from February to 
September 2020. This study also found that 11% of suspected or 
confirmed patients with COVID-19 received antibiotics.7 Due to 
the absence of clear national guidelines and irrespective of disease 
severity, empirical antibiotic therapy was widespread during the 
initial phase of the pandemic.8–12 Moreover, a meta-analysis of 
data from high-income countries (HICs) and low-middle-income 
countries (LMICs) showed antibiotics were used in 68% of patients 
with COVID-19. Sub-group analysis found that 58% of patients 
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were prescribed antibiotics in HICs and 89% in LMICs.13 This raises 
concerns about the impact of COVID-19 on empirical antibiotic 
therapy, withdrawal of antimicrobial stewardship (AMS) activities 
and enhanced risk of AMR.14–18 Irrational use of antimicrobials 
also resulted in adverse drug events, and affected patient safety 
and quality of care resulting in increased healthcare costs.1

Several studies from secondary healthcare settings in the UK re
ported increased antibiotic consumption with no evidence of bac
terial infection.19–22 A recent study found mixed views regarding 
AMS activities carried out during the pandemic in the UK reporting 
that AMS was not a priority during the height of the pandemic, 
which could affect overall antibiotic use during this time.23

The trends of antimicrobial consumption were analysed by 
using the intervention time series analysis (ITSA) method. A 
time series is a sequence of observations taken in a sequential 
time pattern.24 The significance of evaluating the effect of inter
vention through appropriate statistic modelling is progressively 
established and time series modelling implementing ITSA has 
been widely used in healthcare settings.

The intervention analysis is based on defined waves of the 
COVID-19 pandemic. The distribution of COVID-19 pandemic waves 
in England has varied over time, with different regions experiencing 
different levels of transmission and impact, however, in general, the 
waves have affected the entire country to some degree. The inter
vention model was extended to evaluate the effect of waves 1–3 of 
the COVID-19 pandemic. Three COVID-19 waves were identified in 
England: wave 1 from January to June 2020, wave 2 from June 
2020 to April 2021 and wave 3 from April 2021 onwards.25

The main aim of this study was to conduct an ITSA to evaluate 
the impact of COVID-19 on antimicrobial consumption at the sec
ondary care NHS Trust in England from April 2017 to September 
2022. The secondary aim was to determine the trend of the other 
therapeutic agents for treating COVID-19 corticosteroids, antivir
als, and monoclonal antibodies in a secondary care NHS Trust in 
England from April 2017 to September 2022.

Methods
Study design and setting
This retrospective ITSA was performed at the Mid Yorkshire Teaching NHS 
Trust, comprising three secondary care NHS hospitals: Pinderfields 
Hospital (750 beds), Dewsbury District Hospital (200 beds), Pontefract 
General Infirmary (50 beds) and community services in West Yorkshire, 
England. The Trust cares for 500 000 people, providing medical and surgi
cal services, with one 30-bed intensive care unit (ICU), Haematology/ 
Oncology, regional burns, regional spinal injuries and ambulatory care fa
cilities. The study was approved by the University of Huddersfield 
Research Ethics Committee (SAS-SRIEC-11.1.22-2).

Data collection

Data were collected with the support of the pharmacy data analyst, 
using clinical systems including JAC (pharmacy software), Medchart 
(e-prescribing) and PPM+ (clinical notes from the hospital pharmacy infor
mation systems), and monthly antimicrobial consumption quantities 
from April 2017 to September 2022 were collected after applying 
inclusion and exclusion criteria. The antimicrobial consumption and 
other therapeutic agents for treating COVID-19 were gathered and con
verted into DDDs defined by WHO/Anatomical Therapeutic Chemical 
Classification 2022 index26 for systemic use only as ‘the assumed average 
maintenance dose per day for a drug used for its main indication in 

adults’.27 The WHO AWaRe classification was used.28 The gathered infor
mation was converted into DDDs per 1000 OBDs monthly.

Inclusion and exclusion criteria

All data were collected at the population level for the entire trust every 
month for hospitalized adult inpatients. Paediatric patients were ex
cluded as DDDs defined by the WHO were intended for the adult popula
tion only. No paediatric patients, day cases, A&E or discharge 
prescriptions were included in the study.

Analysis: intervention methodology
The intervention methodology used the Scientific Computing Associates 
software, which allows the integration of effective time series analysis 
and forecasting capacities.29 The collected data were equally spaced in 
the monthly time series. Data availability for antimicrobial and other 
therapeutic agents for COVID-19 treatments was from April 2017 to 
September 2022 with 66 monthly observations.

In this ITSA,30 we set out to evaluate the impact of COVID-19 on anti
microbial use and other treatments (remdesivir, steroids and monoclonal 
antibodies) through intervention analysis, as introduced by Box and Tiao 
in 1975.31 In the Box–Tiao intervention approach, a time series is repre
sented by two distinct components: an underlying disturbance process, 
and the set of interventions in the series.24 The general form of the inter
vention model applied in this study is.

Yt = C + v1(B)I1t + v2(B)I2t + . . . + vm(B)Imt + Nt 

where It are binary indicators (0/1) that define the intervention periods. 
The term v(B) is the effect(s) of the intervention concerning the base per
iod. The term Nt is called the disturbance and follows an 
autoregressive-moving-average (ARMA) process.

To account for a transition period, we compared antimicrobial 
consumption in the pre-intervention period to the overall COVID-19 inter
vention period, but we separately analysed the monthly effect in 
February–March 2020 from the monthly effect in the remaining interven
tion period, i.e. from April 2020 to September 2022. The structure of the 
intervention model is.

Yt = C + v1(B)I1t + v2(B)I2t + Nt 

where It is a step function defined as

All waves(a) ; I1t = 1, t = February to March 2020
0, otherwise

􏼚

All waves(b) ; I2t = 1, t ≥ April 2020
0, otherwise

􏼚

The disturbances, Nt, were identified for each antimicrobials series to deter
mine the ARMA parameters needed to induce stationarity and remove serial 
correlation in the residuals, thus, rendering this a white noise process.

After analysing the overall COVID-19 intervention period, we applied 
intervention analysis based on the defined three waves of the 
COVID-19 pandemic in England. These were compared to the pre- 
intervention period. The February–March 2020 transition was introduced 
into the model that can be contrasted to the remaining months in wave 1.

Yt = C + v1(B)I1t + v2(B)I2t + v3(B)I3t + v4(B)I4t + Nt 

where,

Wave 1(a) ; I1t = 1, t = February to March 2020
0, otherwise

􏼚

Khan et al.

2 of 12



Ta
bl

e 
1.

 C
on

su
m

pt
io

n 
of

 a
nt

ib
io

tic
s 

an
d 

an
tif

un
ga

ls
, c

or
tic

os
te

ro
id

s 
an

d 
m

on
oc

lo
na

l a
nt

ib
od

ie
s 

du
rin

g 
th

e 
st

ud
y 

pe
rio

d 
Ap

ril
 2

01
7 

to
 S

ep
te

m
be

r 2
02

2 
pr

e-
 a

nd
 p

os
t-

pa
nd

em
ic

 p
er

io
d

An
tib

io
tic

 (J
01

)

Pr
e-

pa
nd

em
ic

 p
er

io
d 

(A
pr

il 
20

17
 

to
 J

an
 2

02
0)

 a Ba
se

Tr
an

si
tio

n 
pe

rio
d 

(F
eb

ru
ar

y–
M

ar
ch

 2
02

0)
Pa

nd
em

ic
 p

er
io

d)
 (A

pr
il 

20
20

–S
ep

te
m

be
r 2

02
2)

 
b In

te
rv

en
tio

na
l p

er
io

d
N

oi
se

 
m

od
el

Co
ns

ta
nt

P 
va

lu
e

M
ea

n
SD

Co
ef

fic
ie

nt
 (9

5%
 C

I)
P 

va
lu

e
M

ea
n

SD
Co

ef
fic

ie
nt

 (9
5%

 C
I)

P 
va

lu
e

M
ea

n
SD

Te
tr

ac
yc

lin
es

 (J
01

A)
62

.4
<

0.
00

01
59

.1
16

.2
−

7.
44

 (−
23

.1
0 

to
 8

.2
1)

0.
35

07
75

.1
6.

7
−

7.
80

 (−
21

.7
6 

to
 6

.1
5)

0.
27

54
53

.9
8.

6
AR

M
A(

1,
0)

Am
ph

en
ic

ol
s 

(J
01

B)
0.

2
<

0.
00

01
0.

2
0.

2
−

0.
18

 (−
0.

49
 to

 0
.1

2)
0.

23
06

0.
0

0.
0

−
0.

05
 (−

0.
15

 to
 0

.0
5)

0.
32

10
0.

1
0.

2
AR

M
A(

0,
0)

Pe
ni

ci
lli

ns
 w

ith
 

ex
te

nd
ed

 s
pe

ct
ru

m
 

(J
01

CA
)

63
.0

<
0.

00
01

62
.8

8.
9

−
2.

29
 (−

17
.1

9 
to

 1
2.

60
)

0.
76

51
72

.4
2.

5
−

5.
75

 (−
13

.7
7 

to
 2

.2
7)

0.
16

33
56

.1
11

.2
AR

M
A(

1,
0)

B-
la

ct
am

 s
en

si
tiv

e 
(J

01
CE

)
86

.6
<

0.
00

01
87

.1
10

.9
2.

57
 (−

15
.2

3 
to

 2
0.

39
)

0.
77

27
88

.6
8.

6
−

2.
87

03
 (−

9.
02

 to
 3

.2
7)

0.
36

10
83

.9
12

.8
AR

M
A(

1,
1)

B-
la

ct
am

 re
si

st
an

t 
(J

01
CF

)
11

.8
<

0.
00

01
11

.9
2.

8
1.

99
 (−

2.
25

 to
 6

.2
4)

0.
36

10
14

.5
0.

1
−

2.
93

 (−
5.

16
 to

 −
0.

70
)

0.
01

15
8.

8
3.

0
AR

M
A(

1,
0)

Co
m

bi
na

tio
ns

 o
f 

pe
ni

ci
lli

ns
, i

nc
l. 

B-
la

ct
am

as
e 

in
hi

bi
to

rs
 (J

01
CR

)

18
7.

6
<

0.
00

01
18

8.
4

13
.5

−
23

.2
7 

(−
53

.2
5 

to
 6

.7
1)

0.
13

08
18

6.
4

24
.1

7.
91

 (−
4.

80
 to

 2
0.

63
)

0.
22

31
19

3.
7

23
.5

AR
M

A(
0,

1)

Fi
rs

t-
ge

ne
ra

tio
n 

ce
ph

al
os

po
rin

 
(J

01
DB

)

2.
4

<
0.

00
01

2.
4

0.
7

2.
44

 (1
.2

7 
to

 3
.6

1)
0.

00
01

4.
6

1.
9

1.
51

 (1
.2

0 
to

 1
.8

1)
<

0.
00

01
3.

9
0.

8
AR

M
A(

1,
1)

Se
co

nd
-g

en
er

at
io

n 
ce

ph
al

os
po

rin
 

(J
01

DC
)

4.
6

<
0.

00
01

4.
6

1.
1

−
0.

41
61

 (−
1.

87
 to

 1
.0

4)
0.

57
74

4.
1

0.
5

−
1.

32
 (−

1.
82

 to
 −

0.
81

)
<

0.
00

01
3.

2
1.

0
AR

M
A(

0,
0)

Th
ird

-g
en

er
at

io
n 

ce
ph

al
os

po
rin

 
(J

01
DD

)

16
.6

<
0.

00
01

16
.2

4.
5

1.
47

 (−
3.

49
 to

 6
.4

49
0)

0.
55

72
15

.2
3.

0
−

4.
70

 (−
7.

32
 to

 −
2.

07
)

0.
00

08
11

.8
1.

9
AR

M
A(

1,
0)

M
on

ob
ac

ta
m

s 
(J

01
DF

)
3.

9
<

0.
00

01
3.

7
2.

2
−

0.
11

 (−
2.

30
 to

 2
.0

8)
0.

92
07

2.
7

1.
7

−
1.

46
 (−

3.
29

 to
 0

.3
6)

0.
11

90
2.

7
1.

1
AR

M
A(

1,
0)

Ca
rb

ap
en

em
s 

(J
01

DH
)

12
.2

<
0.

00
01

13
.6

3.
6

−
1.

79
 (−

6.
37

 to
 2

.7
7)

0.
44

41
13

.0
1.

3
−

0.
93

 (−
3.

79
 to

 1
.9

2)
0.

52
44

11
.2

3.
1

AR
M

A(
1,

1)
O

th
er

 c
ep

ha
lo

sp
or

in
 

an
d 

pe
ne

m
s 

(J
01

DI
)

0.
1

0.
02

65
0.

1
0.

2
−

0.
08

 (−
0.

42
 to

 0
.2

4)
0.

59
79

0.
0

0.
0

−
0.

03
 (−

0.
15

 to
 0

.0
7)

0.
49

89
0.

1
0.

3
AR

M
A(

0,
0)

Su
lp

ho
na

m
id

e 
an

d 
tr

im
et

ho
pr

im
 (J

01
E)

31
.3

<
0.

00
01

31
.9

5.
2

6.
87

 (−
0.

81
 to

 1
4.

56
)

0.
08

31
37

.2
5.

2
2.

33
 (−

1.
07

 to
 5

.7
5)

0.
18

17
33

.9
5.

1
AR

M
A(

1,
1)

M
ac

ro
lid

es
 (J

01
FA

)
96

.0
<

0.
00

01
10

1.
7

24
.9

−
60

.8
9 

(−
94

.9
8 

to
 −

26
.8

0)
0.

00
08

10
0.

1
35

.2
0.

06
 (−

27
.4

7 
to

 2
7.

60
)

0.
99

68
86

.9
27

.8
AR

M
A(

1,
1)

Li
nc

os
am

id
es

/ 
cl

in
da

m
yc

in
 (J

01
FF

)
13

.3
<

0.
00

01
13

.4
5.

1
−

2.
44

 (−
8.

53
 to

 3
.6

3)
0.

43
24

9.
3

0.
8

−
4.

40
 (−

7.
29

 to
 −

1.
52

)
0.

00
37

8.
8

2.
2

AR
M

A(
1,

0)

Am
in

og
ly

co
si

de
s 

(J
01

GB
)

40
.2

<
0.

00
01

39
.6

7.
9

−
7.

48
 (−

17
.8

9 
to

 2
.9

1)
0.

16
04

34
.6

3.
9

−
11

.2
1 

(−
19

.6
8 

to
 −

2.
75

)
0.

01
12

28
.9

9.
2

AR
M

A(
1,

0)

Fl
uo

ro
qu

in
ol

on
es

 
(J

01
M

A)
62

.6
<

0.
00

01
63

.4
9.

3
−

15
.4

6 
(−

31
.7

9 
to

 0
.8

7)
0.

06
73

55
.8

11
.9

−
11

.8
8 

(−
18

.6
8 

to
 −

5.
08

)
0.

00
10

50
.0

12
.2

AR
M

A(
0,

1)

Gl
yc

op
ep

tid
e 

(J
01

XA
)

75
.0

<
0.

00
01

74
.5

9.
9

−
15

.5
9 

(−
30

.5
4 

to
 −

0.
64

)
0.

04
44

78
.3

5.
7

−
22

.7
0 

(−
33

.9
7 

to
 −

11
.4

4)
0.

00
02

50
.3

12
.6

AR
M

A(
1,

0)
Po

ly
m

yx
in

s 
(J

01
XB

)
0.

1
0.

00
06

0.
1

0.
2

−
0.

06
 (−

0.
30

 to
 0

.1
7)

0.
60

48
0.

0
0.

0
−

0.
03

 (−
0.

14
 to

 0
.0

8)
0.

59
79

0.
1

0.
1

AR
M

A(
1,

0)
St

er
oi

d 
an

tib
ac

te
ria

l 
(J

01
XC

)
0.

1
0.

16
04

0.
3

0.
6

0.
62

 (−
0.

18
 to

 1
.4

3)
0.

13
59

0.
3

0.
4

0.
24

 (0
.0

7 
to

 0
.4

0)
0.

00
45

0.
4

0.
8

AR
M

A(
1,

1)

C o
nt

in
ue

d 

Antimicrobial consumption in an NHS Trust during COVID-19                                                                          

3 of 12



Ta
bl

e 
1.

 
Co

nt
in

ue
d 

 

An
tib

io
tic

 (J
01

)

Pr
e-

pa
nd

em
ic

 p
er

io
d 

(A
pr

il 
20

17
 

to
 J

an
 2

02
0)

 a Ba
se

Tr
an

si
tio

n 
pe

rio
d 

(F
eb

ru
ar

y–
M

ar
ch

 2
02

0)
Pa

nd
em

ic
 p

er
io

d)
 (A

pr
il 

20
20

–S
ep

te
m

be
r 2

02
2)

 
b In

te
rv

en
tio

na
l p

er
io

d
N

oi
se

 
m

od
el

Co
ns

ta
nt

P 
va

lu
e

M
ea

n
SD

Co
ef

fic
ie

nt
 (9

5%
 C

I)
P 

va
lu

e
M

ea
n

SD
Co

ef
fic

ie
nt

 (9
5%

 C
I)

P 
va

lu
e

M
ea

n
SD

Im
id

az
ol

e 
de

riv
at

iv
e 

(J
01

XD
)

31
.4

<
0.

00
01

30
.7

5.
4

−
7.

36
 (−

13
.9

0 
to

 −
0.

82
)

0.
02

99
23

.7
1.

7
−

12
.2

0 
(−

16
.4

1 
to

 −
7.

99
)

<
0.

00
01

19
.0

6.
3

AR
M

A(
1,

2)

N
itr

of
ur

an
 d

er
iv

at
iv

e 
(J

01
XE

)
17

.5
<

0.
00

01
17

.1
4.

0
1.

76
 (−

3.
30

 to
 6

.8
4)

0.
49

27
17

.8
2.

1
0.

16
 (−

2.
09

 to
 2

.4
2)

0.
88

91
17

.7
3.

0
AR

M
A(

1,
0)

O
th

er
 a

nt
ib

ac
te

ria
l 

(J
01

XX
)

3.
1

0.
01

06
3.

7
3.

0
0.

91
 (−

2.
21

 to
 4

.0
3)

0.
57

06
2.

8
1.

5
−

0.
11

 (−
3.

00
 to

 2
.7

8)
0.

93
65

3.
0

1.
7

AR
M

A(
1,

1)

To
ta

l a
nt

ib
io

tic
82

9.
8

<
0.

00
01

82
6.

4
53

.0
−

10
8.

79
 (−

21
6.

00
 to

 −
1.

59
)

0.
04

97
83

6.
8

10
2.

4
−

92
.7

8 
(−

15
8.

05
 to

 −
27

.5
1)

0.
00

67
72

8.
2

91
.6

AR
M

A(
1,

0)
An

tif
un

ga
l (

J0
2)

Am
ph

ot
er

ic
in

 
pr

ep
ar

at
io

n 
(J

02
AA

)
8.

3
<

0.
00

01
8.

3
6.

2
0.

09
 (−

8.
87

 to
 9

.0
5)

0.
98

41
10

.5
2.

3
0.

48
 (−

3.
34

 to
 4

.3
0)

0.
80

34
8.

6
5.

5
AR

M
A(

1,
0)

Tr
ia

zo
le

 a
nd

 te
tr

az
ol

e 
de

riv
at

iv
es

 (J
02

AC
)

9.
0

0.
02

29
12

.9
2.

9
1.

03
 (−

3.
03

 to
 5

.1
0)

0.
61

88
10

.7
1.

7
3.

47
 (−

0.
49

 to
 7

.4
3)

0.
08

84
12

.5
2.

6
AR

M
A(

1,
1)

O
th

er
 a

nt
im

yc
ot

ic
s 

(J
02

AX
)

1.
8

<
0.

00
01

1.
7

1.
0

−
0.

33
 (−

1.
97

 to
 1

.3
0)

0.
69

05
1.

7
0.

9
0.

00
06

 (−
0.

84
 to

 0
.8

4)
0.

99
92

1.
8

1.
2

AR
M

A(
1,

0)

To
ta

l a
nt

ifu
ng

al
s

22
.8

<
0.

00
01

22
.9

7.
0

−
2.

59
 (−

12
.4

9 
to

 7
.3

0)
0.

60
48

22
.9

0.
3

0.
34

 (−
4.

14
 to

 4
.8

4)
0.

88
12

22
.9

6.
0

AR
M

A(
1,

0)
Ot

he
r t

he
ra

pe
ut

ic
 o

pt
io

ns
 fo

r C
OV

ID
-1

9 
tr

ea
tm

en
ts

Co
rt

ic
os

te
ro

id
s 

(H
02

)
De

xa
m

et
h a

so
ne

 
(H

02
AB

02
)

55
5.

5
<

0.
00

01
56

8.
0

42
.8

−
61

.0
0 

(−
21

5.
12

 to
 9

3.
10

)
0.

43
82

54
6.

5
7.

2
−

49
.4

4 
(−

16
1.

27
 to

 6
2.

38
)

0.
38

75
49

7.
2

16
3.

1
AR

M
A(

1,
0)

H
yd

ro
co

rt
is

on
e 

(H
02

AB
09

)
99

.0
<

0.
00

01
82

.3
16

.2
16

.9
2 

(−
9.

54
 to

 4
3.

39
)

0.
21

22
11

3.
0

6.
5

1.
74

 (−
22

.1
2 

to
 2

5.
61

)
0.

88
91

10
2.

9
19

.9
AR

M
A(

1,
1)

Pr
ed

ni
so

lo
ne

 
(H

02
AB

06
)

31
6.

4
<

0.
00

01
31

4.
4

39
.9

−
27

.6
0 

(−
81

.4
3 

to
 2

6.
21

)
0.

31
62

32
1.

1
32

.8
−

97
.5

1 
(−

12
8.

09
 to

 −
66

.9
2)

<
0.

00
01

21
8.

7
33

.1
AR

M
A(

1,
0)

To
ta

l c
or

tic
os

te
ro

id
s

96
0.

4
<

0.
00

01
96

4.
7

59
.7

−
60

.3
1 

(−
22

3.
61

 to
 1

02
.9

8)
0.

46
80

98
0.

5
46

.5
−

13
8.

62
 (−

25
0.

06
 to

 −
27

.1
9)

0.
01

70
81

8.
8

16
4.

0
AR

M
A(

1,
0)

An
tiv

ira
ls

 (J
05

)
Re

m
de

si
vi

r (
J0

5A
B1

6)
0.

72
0.

00
10

0.
00

0.
00

−
0.

42
 (−

1.
44

 to
 0

.5
99

7)
0.

41
5

0.
00

0.
00

−
0.

39
 (−

0.
98

 to
 0

.1
8)

0.
18

17
3.

99
6.

74
AR

M
A(

1,
0)

M
on

oc
lo

na
l a

nt
ib

od
ie

s 
(m

AB
s)

To
ci

liz
um

ab
c 

(L
04

AC
07

)
23

.5
<

0.
00

01
24

.3
5.

2
−

3.
72

 (−
21

.0
3 

to
 1

3.
58

)
0.

67
59

16
.1

2.
9

4.
14

 (−
8.

31
 to

 1
6.

60
)

0.
51

16
28

.1
18

.2
AR

M
A(

1,
0)

Sa
ril

um
ab

c 
(L

04
AC

14
)

0.
0

0.
00

1
0.

0
0.

0
0.

00
 (−

10
.3

3 
to

 1
0.

33
)

0.
00

09
0.

0
0.

0
4.

08
 (0

.5
2 

to
 7

.6
3)

0.
02

71
4.

1
10

.9
AR

M
A(

0,
0)

Ba
ric

iti
ni

bc 
(L

04
AA

37
)

0.
0

0.
00

1
0.

0
0.

0
0.

00
 (−

0.
50

 to
 0

.5
0)

0.
00

09
0.

0
0.

0
0.

29
 (0

.1
26

6 
to

 0
.4

7)
0.

00
11

0.
3

0.
5

AR
M

A(
0,

0)
So

tr
ov

im
ab

c 
(J

06
BD

05
)

0.
0

0.
00

1
0.

0
0.

0
0.

00
 (−

0.
03

 to
 0

.0
3)

0.
00

09
0.

0
0.

0
0.

01
 (0

.0
0 

to
 0

.0
24

8)
0.

02
92

0.
0

0.
0

AR
M

A(
0,

0)

a Ba
se

 p
er

io
d 

(p
re

-p
an

de
m

ic
 p

er
io

d)
. 

b In
te

rv
en

tio
n 

pe
rio

d 
(p

an
de

m
ic

 p
er

io
d)

. 
c To

ci
liz

um
ab

 a
nd

 S
ar

ilu
m

ab
 a

re
 c

la
ss

ifi
ed

 a
s 

in
te

rle
uk

in
 (I

L)
 in

hi
bi

to
rs

, B
ar

ic
iti

ni
b 

is
 u

se
d 

as
 r

ep
ur

po
se

 d
ru

gs
 fo

r 
CO

VI
D 

pa
tie

nt
s 

an
d 

So
tr

ov
im

ab
 is

 c
la

ss
ifi

ed
 a

s 
an

tiv
ira

l m
on

oc
lo

na
l 

an
tib

od
ie

s.

Khan et al.

4 of 12



Wave 1(b) ; I2t = 1, t = April 2020 to June 2020
0, otherwise

􏼚

Wave 2 ; I3t = 1, t = July 2020 to April 2021
0, otherwise

􏼚

Wave 3 ; I4t = 1, t = May 2021 to September 2022
0, otherwise

􏼚

The use of antibiotics was determined by applying ITSA. According to the 
obtained methods for conducting this study, three periods were defined; 
the first pre-intervention period (pre-pandemic period) from 2017 to 
January 2020 and transition periods were introduced as February 2020 
to March 2020 and then the intervention period (pandemic period) 
from April 2020 to September 2022.

Results
Antibiotic consumption in all waves
Overall antibiotic consumption was not significantly changed 
from 826.4 DDDs per 1000 OBDs in the pre-interventional period 
(pre-pandemic period/base period) compared with 728.2 DDDs 
per 1000 OBDs (P = 0.0067; Table 1) in the intervention period 
(pandemic period) and antibiotic trends varied during the study 
period as shown in Figure S1 (available as Supplementary data
at JAC-AMR Online). Increased consumption of combinations of 
penicillins, incl. B-lactamase inhibitors (J01CR; P = 0.2231), sulfa
methoxazole and trimethoprim (P = 0.1817) were observed. 
Likewise, a decrease in consumption of various antibiotic classes 
was observed, including macrolides (P = 0.9968), fluoroquino
lones (P = 0.0010) and glycopeptides (P = 0.0002), tetracyclines 
(P = 0.2754) and aminoglycosides (P = 0.0112). Few antibiotics 
showed statistical significance including first-generation ceph
alosporin (P < 0.0001) consumption was increased while second- 
generation cephalosporin (P < 0.0001) and imidazole derivates 
(P < 0.0001) showed decreased consumption trends during the 
pandemic period.

Antibiotics commonly used for respiratory tract infections (RTI, 
Table 1, Figure 1) were also analysed individually. Consumption of 
piperacillin/tazobactam statistically significantly changed, in
creasing from 34.1 to 58.9 DDDs per 1000 OBDs (P≤0.0001) 
and ciprofloxacin significantly decreased from 32.2 to 18.5 
DDDs per 1000 OBDs (P < 0.0001). Levofloxacin, azithromycin, 
doxycycline and amoxicillin showed a slight decrease in con
sumption; clarithromycin showed a decrease from 92.5 to 78.0 
DDDs per 1000 OBDs (P = 0.9444) but did not reach statistical sig
nificance (Table 2). According to the WHO AWaRe classification, 
there were no statistically significant changes in the percentage 
consumption of Access (P = 0.6328), Watch (P = 0.7576) and 
Reserve (P = 0.9603) antibiotics (Table 3, Figure S2) during the 
study period.

Antibiotic consumption in individual waves of the 
COVID-19 pandemic
Antibiotic consumption during the individual wave revealed 
maximum consumption in wave 1 920.3 DDDs per 1000 OBD 
(P = 0.0241) that declined to 684.8 DDDs per 1000 OBD 

(P < 0.0001) was shown as statistically significant. However, first- 
generation cephalosporin (P < 0.0001) showed more statistical 
significance in waves 2 and 3. Similar imidazole derivative 
(P < 0.0001) consumption was statistically significantly decreased 
in waves 2 and 3. Along with second-generation cephalosporin 
(P < 0.0001), aminoglycosides (P < 0.0001), fluoroquinolone (P <  
0.0001), glycopeptide (P < 0.0001) and polymyxins (P < 0.0001), 
consumption was statistically significant decreased in wave 3. 
The consumption of several broad-spectrum antibiotics was 
raised, including variations in beta-lactam-sensitive and 
beta-lactam-resistant antibiotic consumption. Beta-lactam- 
sensitive antibiotics were determined as 80.1 DDDs per 1000 
OBDs (P = 0.3115, wave 1), which increased to 87.2 DDDs per 
1000 OBDs in wave 2 (P = 0.9921) and decreased to 82.6 DDDs 
per 1000 OBDs in wave 3 (P = 0.1848). Maximum consumption 
of beta-lactam-resistant antibiotics was 14.4 DDDs per 1000 
OBDs (wave 1 compared with the pre-pandemic period); this de
creased to 7.4 DDDs per 1000 OBDs in wave 2 (P = 0.0008) and 
marginally increased to 8.6 in wave 3 (P = 0.0035).

Individual antibiotic consumption tracked for RTI were cla
rithromycin, levofloxacin, piperacillin/tazobactam, co-amoxiclav, 
azithromycin, doxycycline and amoxicillin. Piperacillin/tazobac
tam consumption increased through the pandemic period from 
54.6 (P = 0.0015, wave 1) to 55.9 (P = 0.0002, wave 2) to a max
imum of 61.4 DDDs per 1000 OBDs (P = 0.0002, wave 3). We ob
served a statistically significant drop of ciprofloxacin (P < 0.0001) 
and co-amoxiclav (P < 0.0001) in wave 3. However, excluding ci
profloxacin and doxycycline, other RTI antibiotics consumption 
was raised in wave 1, azithromycin consumption was raised 
(P = 0.7880, wave 1) and the maximum reported in wave 3 
(P = 0.2306) did not reach statistical significance.

Antibiotic consumption according to WHO AWaRe 
classification in all wave and individual waves of the 
COVID-19 pandemic
According to WHO AWaRe classification, the percentage use of 
Watch antibiotics rose from 38% for pre-pandemic to 40% 
(P = 0.3610) during wave 1, and the Access category decreased 
from 61% pre-pandemic to 59% during wave 1 (P = 0.6188; 
Figure S2). However, this is not statistically significant and 
followed the analogous trend of antibiotics as per AWaRe classi
fication as pre-pandemic (or base period) (Supplementary Tables 
S1–S3).

Antifungal consumption in all waves and individual 
waves of the COVID-19 pandemic
Overall antifungal consumption showed no change from the pre- 
interventional period to the pandemic period, 22.9 to 22.9 DDDs 
per 1000 OBDs (P = 0.8812, Table 1). Slight increases in amphoter
icin derivative (P = 0.9841) and triazole and tetrazole derivatives 
(P = 0.6188) were observed in all waves.

In all three waves, there was a non-significant decrease for 
amphotericin preparations from 10.7 (P = 0.4441; first wave) to 
10.3 DDDs per 1000 OBDs (P = 0.4741; second wave) to 7.2 
DDDs per 1000 OBDs (P = 0.6905; third wave). Triazole and tetra
zole derivatives consumption changed from the first wave [13.8 
DDDs per 1000 OBDs (P = 0.6258)], to the second wave [11.3 
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DDDs per 1000 OBDs (P = 0.2976)] and to the third wave [3.0 
DDDs per 1000 OBDs (P = 0.8891)] (Supplementary Table S4).

Consumption of drugs used as COVID-19 therapeutic 
options during the COVID-19 pandemic
Corticosteroids (dexamethasone, hydrocortisone and prednisol
one) decreased from 964.7 DDDs per 1000 OBDs to 818.8 DDDs 
per 1000 OBDs (P = 0.0170; Table 1). The use of corticosteroids 
was highest in the second wave at 936.1 DDDs per 1000 OBDs 
(P = 0.5639), and dexamethasone consumption was also higher 
in the second wave at 624.3 DDDs per 1000 OBDs (P = 0.4441), al
though these results did not reach statistical significance. 
Remdesivir showed maximum consumption in the second wave 
of 6.8 DDDs per 1000 OBDs (P≤0.0001). Monoclonal antibodies 
(mABs) were also used as a new treatment option with tocilizu
mab being the most common mAB used. The highest consump
tion of tocilizumab was in the second wave, i.e. 35.0 DDDs per 
1000 OBDs (P = 0.2544), and sarilumab was used in the third 
wave, i.e. 7.2 DDDs per 1000 OBDs (P = 0.0007) (Supplementary 
Tables S5–S7).

With increased use of therapeutic options for COVID-19 treat
ment, antimicrobial consumption declined as shown in 
Figure 2(a) and (b) There may be an association of remdesivir 
and mABs with the decline in antimicrobial consumption after 
the first wave. However, this was not statistically significant for 
remdesivir (P = 0.605) and mABs (P = 0.341).

Discussion
Antibiotic consumption
The primary aim of this study was to determine antibiotic con
sumption trends during pandemic periods compared with the 
pre-pandemic period (base) at an acute NHS Trust. We introduced 
a transition period from February 2020 to March 2020, which was 
the peak of COVID-19.

Antibiotic treatments were extensively used with no evidence 
of bacterial co-infection.13,16,32–34 Various studies reported an in
crease in antibiotic prescriptions for patients with mild COVID-19 
symptoms.35–37 Early studies measured peak antibiotic use dur
ing the first two waves.38,39 According to a recent report by the 
English Surveillance Programme for Antimicrobial Utilisation 
and Resistance, total antibiotic consumption declined by 5.3% 
between 2018 and 2020.40 In our study, there was no significant 
increase in antibiotic consumption during the overall pandemic 
period compared to the pre-pandemic period.38 Consistent with 
the findings of our study, a conducted study in Northern 
Ireland reported there was no difference in the total hospital anti
biotic consumption between pre-COVID-19 and during the 
COVID-19 pandemic.41 Similar to our study time series, an ana
lysis conducted in tertiary care hospitals in Italy showed no sig
nificant increase in antibiotic consumption during the pandemic 
period.38 Early studies suggested the highest antibiotic use was 
during the early phase of the pandemic.38,39 Consistent with 
the result of our study, a study conducted in Spain by Grau42
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Figure 1. Consumption trends of selected antibiotics prescribed for RTIs during the study period from April 2017 to September 2022. These antibiotics 
were also prescribed for other indications, however, during the pandemic period they were mostly prescribed for RTIs.
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revealed increased overall antibiotic consumption during the first 
wave. However, the increased use of amoxicillin/clavulanate was 
also similar to studies conducted in Italy and Spain.38,42

Additionally, both studies also reported increased consumption 
of piperacillin/tazobactam, which was further evident in our 
study.

The increase in antibiotic consumption in the first wave was 
probably due to a lack of information, no available guidelines, 
no treatment options and suspected co-bacterial infections in 
patients with the SARS-CoV-2 virus.19,42 Our study showed a 
trend in antibiotic consumption in three waves in England and 
after introducing the NICE guideline in May 2020,43 highlighting 
the value of studying the pandemic impact on antimicrobial con
sumption per individual wave. A decline in antibiotic consumption 
was significantly observed in wave 3. The availability of other 
therapeutic options, social distancing, infection prevention and 
control and an intense global vaccination programme were 
also thought to be the contributing factors.

Antibiotics used in respiratory tract infection (RTI)
The most frequently prescribed RTI antibiotics, including cla
rithromycin, levofloxacin, piperacillin/tazobactam, co-amoxiclav, 
doxycycline and amoxicillin showed a decreasing trend in wave 
1. We observed increased consumption of piperacillin/tazobac
tam during the pandemic, with the largest increase in wave 
3. However, this increased consumption is most probably a reflec
tion of the prescriptions for other indications such as respiratory 
sepsis and abdominal infections prescribed for non-COVID-19 pa
tients. The use of various combinations of antimicrobials (such as 
azithromycin and hydroxychloroquine) substantially increased 
during the first wave but decreased with the introduction of treat
ment guidelines.5,6,44

Antibiotic consumption according to WHO AWaRe 
classification
The WHO AWaRe tool was developed to address inappropriate 
antibiotic use, antibiotic-related adverse events and drug 
costs.45,46 AWaRe classified antibiotics as Access; typically nar
row spectrum e.g. amoxicillin, cefalexin, nitrofurantoin etc., 
Watch; broad-spectrum antibiotics such as fluoroquinolone, 
macrolide third-generation cephalosporin and Reserve; used as 
the last resort such as linezolid, meropenem, colistin.47 The cross- 
section study conducted by Mudenda et al. from Zambia 
represent data from 2022.48 This study concluded the Access 
group was dominant in comparison with the Watch and 
Reserved antibiotic groups. Also, the percentage use of the 
Access antibiotic category decreased and the Watch category 
marginally increased in wave 1. The Reserve category remained 
almost constant throughout the study period. However, overall, 
no significant changes were observed in comparison to the pre- 
pandemic and pandemic periods.

Antifungal consumption
In 2022, the WHO report ‘Fungal priority pathogens list to guide 
research, development and public health action’49 highlighted 
the increased incidence of invasive fungal infections globally, par
ticularly in the immunocompromised. A high incidence of Ta
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mucormycosis in patients with COVID-19 was reported in India 
during the pandemic, particularly in wave 2, highlighting the 
need to limit irrational antifungal use.50,51 Overall antifungal con
sumption (J02) in our study period was consistent pre- and post- 
pandemic, whereas the use of antifungals in wave 1 was high. We 
demonstrated that amphotericin consumption declined in wave 
3, while triazole and tetrazole derivatives decreased in wave 2 but 
increased from the pre-pandemic period in wave 3.

Impact of other treatment options on antimicrobial 
consumption
The secondary aim of our study was to evaluate the other thera
peutic options used to treat patients with COVID-19. Various clin
ical trials including RECOVERY and SOLIDARITY recruited patients 
globally and showed promising results for treatments such as 
dexamethasone, remdesivir and other monoclonal antibodies 
(mABs).52,53 The RECOVERY and ISARIC WHO trials found that 
dexamethasone reduced mortality among patients with severe 
COVID-19.54,55 Several antiviral drugs were repurposed for the 
treatment of COVID-19 including remdesivir, molnupiravir and te
nofovir.56 Other drugs were part of clinical trials, such as hydroxy
chloroquine and lopinavir/ritonavir but were withheld from the 
guidelines due to lack of evidence for effectiveness.57

Remdesivir was effective in reducing hospitalization rates and 
mortality among patients with COVID-19 and was reserved for 
patients with severe disease who were hospitalized.52,58–60 The 
use of remdesivir at a trust level, according to local and national 
NHS trust guidelines updated in May 2020.61 Monoclonal anti
bodies were used in combination with other treatments, such 
as antiviral drugs or corticosteroids, to improve outcomes in pa
tients with COVID-19. They work by binding to specific proteins 
on the surface of the SARS-CoV-2 virus, preventing the virus 
from entering and infecting healthy cells in the body.62,63

Tocilizumab was associated with a significant reduction of mech
anical ventilatory support.64–66 These studies shifted the para
digm for COVID-19 treatment.

Our study shows that in comparison with the pre-pandemic 
period, there was no statistically significant difference in various 
antibiotic drug classes (J01) and antifungal (J02) consumption 
in the pandemic period in all waves. However, we observed a 
surge in antimicrobial consumption in the first wave, which de
clined due to promising outcomes of clinical trials and various 
other therapeutic agents such as corticosteroids, mABs and re
mdesivir were prescribed and improved patient outcomes. 
Further effective public health measures with massive vaccin
ation programmes play a pivotal role in reducing SARs-CoV-2 
virus transmission67,68 and may result in declining trends of anti
microbial consumption as well as other therapeutic agents such 
as corticosteroids, mABs or remdesivir.

Strength and limitation

The main strength of our study is that it covered an extended per
iod of observation monthly for 66 months. In comparison with 
other published studies, our study mainly focused on primary 
care and data represented from secondary care were not col
lected every month. This helped us to deeply understand con
sumption, particularly during the pandemic. This approach 
enabled us to introduce a transition period from February to Ta
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March 2020. It also determined the antimicrobial trends in three 
waves of the COVID-19 pandemic in England. Further, our study 
determined trends in the adoption of various therapeutic agents 
for COVID-19 treatment including the use of corticosteroids, anti
virals and monoclonal antibodies used during the pandemic, 
which were initiated as repurposed medications to treat 
COVID-19. This study also presents data for each wave and deter
mines the shift in consumption of antimicrobials and COVID-19 
new treatments.

The study has some limitations. This study was conducted at 
the population level. Information about patients’ characteristics 
and known prevalence of indications pre-COVID-19 and through
out the study period was not available. The description of the pa
tient case mix would have helped better the interpretation of the 
findings.69,70 However, this level of information was not available.

The study data were sourced from the pharmacy dispensing 
system by both location and consultant in charge, so it was not 
possible to accurately break down antimicrobial use to ICU and 
non-ICU.

Additionally, the study was undertaken at one Trust in England 
and would benefit from a multicentre study focused on hospi
talized patients; discharged or outpatient services were ex
cluded from the study. Further work to examine outpatient 

antimicrobials would provide more insights into antimicrobial 
use during the COVID-19 pandemic. One of the main reasons to 
exclude paediatric patients was the specialist tertiary paediatric 
referral centre near to the Trust location; almost all high-risk 
paediatric patients were cared for outside of the Trust so paediat
ric numbers were so small as to not allow for any meaningful 
conclusions in the study.

Conclusion
This study determined the trends of antimicrobial consumption 
pre-pandemic and during the pandemic and antimicrobial con
sumption trends in different waves in England. The new guide
lines for treating COVID-19 were introduced. The rapid, more 
advanced research and publications during the pandemic signifi
cantly affected the reduction of antimicrobial use. Furthermore, 
the fluctuating trends in the initial wave emphasize advocating 
antimicrobial stewardship activities, AMS implementation and 
preparedness for pandemics in the future.
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Figure 2. (a) Trends of antibiotics and corticosteroids during the study period from April 2017 to September 2022. On the y-axis: consumption of anti
biotics (J01) and corticosteroids (H02)-for systematic use) and on the x-axis: months and years. (b) Trends of antifungal, monoclonal antibodies and 
remdesivir (antiviral) during the study period from April 2017 to September 2022. On the primary left y-axis are antifungal (J02) monoclonal antibodies 
mABs, the secondary right y-axis shows remdesivir (antiviral) and the x-axis is months and years.
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