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Background: Increased antimicrobial resistance patterns lead to limited options for antimicrobial agents, affect-
ing patient health and increasing hospital costs.

Objectives: To investigate the antimicrobial prescribing patterns at two district hospitals in Northern Ireland
before and during the COVID-19 pandemic.

Methods: A mixed prospective-retrospective study was designed to compare pre- and during pandemic
antimicrobial prescribing data in both hospitals using a Global Point Prevalence Survey.

Results: Of the 591 patients surveyed in both hospitals, 43.8% were treated with 402 antimicrobials. A total of
82.8% of antimicrobial prescriptions were for empirical treatment. No significant difference existed in numbers
of patients treated or antimicrobials used before and during the pandemic. There was a slight decrease of 3.3%
in the compliance rate with hospital antimicrobial guidelines during the pandemic when compared with the
pre-pandemic year of 2019, when it was 69.5%. Treatment based on patients’ biomarker data also slightly
decreased from 83.5% pre-pandemic (2019) to 81.5% during the pandemic (2021).

Conclusions: There was no overall significant impact of the pandemic on the antimicrobial prescribing patterns
in either hospital when compared with the pre-pandemic findings. The antimicrobial stewardship programmes
would appear to have played an important role in controlling antimicrobial consumption during the pandemic.

Introduction

Antimicrobial resistance is an increasing problem worldwide,
often resulting from suboptimal patterns of antimicrobial pre-
scribing.! Increased antimicrobial resistance leads to limited
options of effective antimicrobial agents, affecting patient
health and increasing hospital costs.” Effective optimization
of antimicrobial use and optimal dosing regimens of antimicro-
bials slow the rate of development of antimicrobial resistance.
Rates of morbidity and mortality and hospital costs are
decreased with prudent use of antimicrobials through anti-
microbial stewardship programmes.?* Antimicrobial resistance
before the COVID-19 pandemic was one of the big issues
for global public health, but during COVID-19 the priorities

changed to concentrate on pandemic management and vac-
cination.* Several studies in different countries have reported
an increased rate of antimicrobial resistance and different
antimicrobial prescribing patterns during the COVID-19 pan-
demic.”"® During the pandemic there was a high rate of pa-
tients admitted to hospitals suffering from severe pneumonia
and other lung-associated problems, and this led to increased
empirical use of antimicrobials, which could be a potential
cause of increasing antimicrobial resistance.’

The Global Point Prevalence Survey (G-PPS) is a standardized
method with a web-based tool used worldwide for monitoring
and managing antimicrobial prescribing and resistance patterns
for improving patient outcomes and cost-effective antimicrobial
therapy, and, as such, was used in this study.'®

© The Author(s) 2023. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy.
This is an Open Access article distributed under the terms of the Creative Commons Attribution 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.
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The overall aim of the study was to analyse the antimicrobial
prescribing patterns before and during the COVID-19 pandemic
within the Northern Health & Social Care Trust (NHSCT) using
the G-PPS.° This was to determine the impact of the pandemic
(if any) and to assess and compare the quantity and quality of
antimicrobial prescribing patterns within the Trust. A secondary
aim was to use this information to inform appropriate hospital in-
terventions aiming to promote the prudent use of antimicrobials.

Methods

Study design

This study was conducted in Antrim Area and Causeway Hospitals, NHSCT,
Northern Ireland, UK. It was designed as a mixed retrospective and pro-
spective based observational study to quantitatively identify, measure
and analyse the scope, quantity and quality of antimicrobial prescribing
within a secondary care setting, both before and during the COVID-19
pandemic. Data were collected using the standardized G-PPS data collec-
tion tool for 2021 within the NHSCT.'?

Study setting

The NHSCT, the largest geographical Trust in Northern Ireland, includes
Antrim Area Hospital and Causeway Hospital in addition to two other
acute hospitals (Mid-Ulster Hospital and Whiteabbey Hospital). This
Trust provides health and social care services to a population of approxi-
mately 479000 inhabitants across a geographical area of 1733 square
miles.!? Antrim Hospital, the largest hospital within the NHSCT in
Northern Ireland, is a 503-bed hospital (during the time of the study)
serving almost 450000 people. Causeway Hospital is a 224-bed hospital
(during the time of the study). Both hospitals participated before in the
G-PPS; they included 36 wards (surgical, medical and mixed wards)
with an average of 20 beds on each ward.*?

Data collection for the G-PPS survey

In addition to the retrospective (G-PPS) data that had been collected from
previous years, data were also collected between May and August 2021
(during the pandemic) using a G-PPS standardized data collection sheet
(Table S1, available as Supplementary data at JAC-AMR Online), for all inpa-
tients prescribed antimicrobial agents by 8 am on the day of survey for
each ward.!! G-PPS is a completely anonymous survey for local antimicro-
bial prescribing practice. For collection the survey required information
from paper-based and electronic patient records, including medical notes,
nursing notes and the patient’s medication charts, and this was made
available after being anonymized by the ward clinical pharmacists (no pa-
tient identifiers were available to the investigators while collecting these
data).'® The investigators had no access to other sources such as a labora-
tory computer system for patient information. Data collection for this PPS
was carried out in accordance with the standardized G-PPS protocol using
the G-PPS 2021 data collection forms.'* All inpatient wards within Antrim
Area Hospital and Causeway Hospital were included in data collection.

Inclusion and exclusion criteria for the G-PPS

These were based on the standardized methods outlined in the G-PPS
protocol, as shown in Table 1.1

Statistical analysis

The statistics and data analysis were conducted using Microsoft Excel®
and SPSS® Statistics, Version 27; descriptive analysis such as frequencies
and percentages, along with statistical analysis for significance, such as
Pearson’s chi-squared test, were employed.

Table 1. Inclusion and exclusion criteria for the Global-PPS 20214

Inclusion criteria Exclusion criteria

All inpatients admitted on a
ward at 8 am on the day of
survey

All inpatients ‘on antimicrobial
agents’ at 8 am on the day of
survey

Patients receiving an
antimicrobial, e.g. every 48 h but
receiving this antimicrobial on
the survey day

Patients receiving surgical
prophylaxis, checked in the
previous 24 h; patients receiving
surgical prophylaxis before 8 am
on the survey day

Day hospitalizations and
outpatients (ambulatory care
patients)

Patients admitted after 8 am on
the survey day

All inpatients ‘on antimicrobial
agents’ at 8 am on the day of
survey

Patients prescribed an
antimicrobial in the afternoon on
the day of the survey

Patients receiving surgical
prophylaxis after 8 am on the day
of the survey

Data confidentiality and protection

Following the standardized G-PPS 2021 protocol,** all data were com-
pletely anonymized. In the G-PPS tool every patient record received a un-
ique non-identifiable survey number. This number was automatically
generated by the computer program based on various internal codes.
This number identifies the patient uniquely in the G-PPS database. No pa-
tient or personal identifiers were recorded. The collected data were used
and stored securely, ensuring the confidentiality of all data contained
therein. The data collected in this survey were summarized and pre-
sented as results of the PPS with no patient or practitioner identifiers en-
suring that no sensitive or identifying data were published.

Ethical approval

Ethical approval was granted for this study by Ulster University Biomedical
Sciences Ethics filter committee (FCBMS-21-015), and approved by the
Research Governance Department of the NHSCT before commencing. The
study was also approved by the Research and Ethics Committee (REC) of
the Faculty of Pharmacy, Beni-Suef University (REC-H-PhBSU-22017).

Results

Characteristics of participating hospitals and surveyed
patients during the pandemic over May-August 2021

The total number of patients surveyed in both hospitals was 591,
with 414 (70.1%) from Antrim Area Hospital and 177 (29.9%)
from Causeway Hospital. There was a total of 36 inpatient wards
included in the survey—27 medical, 3 surgical, 2 ICUs and 4
wards of mixed activities (i.e. identified by major activity level,
e.g. surgical ward or ICU ward taking overflow from medicine).
The bed occupancy within Antrim Hospital was 86.4%, 414 out
of 479 available beds were occupied. The bed occupancy in
Causeway Hospital was 81.9%, 177 out of 216 available beds
were occupied. Total bed occupancy for both hospitals during
the pandemic over May-August 2021 was 85%: 591 out of the
695 available beds were occupied. Based on the ward activity
in both hospitals the bed occupancy was 86%, 80.8% and
70.5% for medical, surgical and ICU wards, respectively. Of the

20f 11


http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlad117#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlad117#supplementary-data

Anitmicrobial prescribing and COVID-19 pandemic

JAR

0-20 years E 9
21-40 years E 9
41-60 years m 24
61-80 years

81-100 years

F 79
30

40 50 60 70 80 90

Number of patients

B Antrim B Causeway

Figure 1. Age of patients treated with antimicrobial therapy within Antrim Area and Causeway Hospitals during the pandemic over May-August 2021.
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Figure 2. Percentage of indications for antimicrobial prescriptions within Antrim Area and Causeway Hospitals during the COVID-19 pandemic over
May-August 2021. CAIL, community-acquired infection; HAL, hospital-acquired infection; MP, medical prophylaxis; SP, surgical prophylaxis.

259 (43.8%) patients on antimicrobial therapy, 183 (70.7%) were
inpatients in Antrim Hospital and 76 (29.3%) were inpatients in
Causeway Hospital. The average percentage of patients being
prescribed antimicrobials was 41.1%, 59.2% and 58.3% on med-
ical, surgical and ICU wards, respectively. The majority of patients
being prescribed antimicrobial therapy during the pandemic over
May-August 2021 were over 60 years of age (n=196, 75.6%) as
shown in Figure 1. The average age was 69.2 years (95% CI:
66.75-71.73) and the median was 75 years.

Antimicrobial prescription patterns during the pandemic
over May-August 2021

A total of 402 antimicrobials were prescribed: 290 (72.1%) to pa-
tients in Antrim Hospital and 112 (27.9%) to patients in Causeway

Hospital. Parenteral antimicrobials (n=226, 56.2%) were prescribed
more often than oral antimicrobials (=176, 43.8%); however, there
was no significant difference (P<0.05; Pearson’s chi-squared test)
in parenteral and oral antimicrobial use between both hospitals dur-
ing the pandemic, whereas before the pandemic in 2019, 56.6%
parenteral antimicrobials and 43.4% oral antimicrobials were pre-
scribed. As shown in Figure 2, indications for the 402 antimicrobial
prescriptions during the pandemic were (according to the type of in-
dication per the standardized G-PPS 2021): community-acquired
infections (CAIs) (n=276, 68.7%; compared with 59.7% before the
pandemic), hospital-acquired infections (HAIs) (n=64, 15.92%),
surgical prophylaxis (n=7, 1.74%) and medical prophylaxis (MP)
(n=48, 11.9%); the indication was unknown or other for 7 (1.74%)
of antimicrobial prescriptions. The dominant infections for all inpati-
ents being prescribed antimicrobials during the pandemic were
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Figure 3. Percentage of antimicrobials prescribed per patient surveyed in
2021.

Table 2. Documentation of indication for antimicrobial treatment and
date to stop or review antimicrobial therapy within patients’ medical
notes in Antrim Area and Causeway hospitals (n=number of
antimicrobial prescriptions) during the pandemic over May-August 2021

Antrim Area Causeway

Documentation Hospital, n (%) Hospital, n (%)  Total, n (%)
Indication for treatment recorded

Yes 285 (98.3%) 97 (86.6%) 382 (95%)

No 5(1.7%) 15 (13.4%) 20 (5%)
Stop or review date documented

Yes 118 (40.7%) 65 (58%) 183 (45.5%)

No 172 (59.3%) 47 (42%) 219 (54.5%)

pneumonia or lower respiratory tract infections (LRTIs) (n=101,
25.1%; compared with 37.5%, n=145 before the pandemic in
2019); intra-abdominal sepsis (n=72, 18%); and upper urinary tract
infections (=42, 10.4%). Prescriptions were also found for general
medical prophylaxis without a specific diagnostic site (n=35, 8.7%).
Of the 259 inpatients prescribed an antimicrobial, 136 (52.5%) were
male and 123 (47.5%) were female. Of the surveyed patients on
antimicrobial therapy during the pandemic (n=259), 156 (60.2%)
were prescribed one antimicrobial and 103 (39.8%) were prescribed
two or more antimicrobials; pre-pandemic (2019 PPS) 248 patients
were prescribed antimicrobials, with 57.3% prescribed one anti-
microbial and 42.7% prescribed two or more antimicrobials.

Antimicrobial choice during the pandemic over May-
August 2021

A total of 103 (39.8%) patients prescribed antimicrobials were
treated with more than one antimicrobial on the day of the

B Antrim B Causeway

Antrim Area and Causeway hospitals during the pandemic over May-August

G-PPS survey (Figure 3). Within the two hospitals, the most fre-
quently prescribed antimicrobial groups were combinations of
penicillins, including B-lactamase inhibitors (JO1CR), penicillins
with extended-spectrum (JO1CA) and imidazole derivatives
(JO1XD), which accounted for 24.4%, 13.4% and 9.7% of the total
antimicrobial prescriptions, respectively; before the pandemic in
2019 the proportions were 24% for JO1CA and 17.8% for
JO1CR. The most frequently prescribed antimicrobial agents dur-
ing the pandemic were piperacillin/enzyme inhibitor (n=66,
16.4%), amoxicillin (n=48, 12%), metronidazole (n=39, 9.7%),
co-amoxiclav (n=33, 8.2%) and clarithromycin (n=26, 6.5%),
which were relatively similar to before the pandemic—the most
frequently prescribed antimicrobials in 2019 before the pandemic
were amoxicillin (n=67, 17.3%), piperacillin/tazobactam (n=61,
15.8%), clarithromycin (n=36, 9.3%), co-amoxiclav (n=33,
8.5%) and metronidazole (n=25, 6.5%).

Antimicrobial quality indicators

Treatment based on biomarker data such as C-reactive protein
(CRP) or WBC count refers to whether or not biomarker results
were used to initiate antimicrobial treatment. That approach is
helpful in reducing the initiation and unnecessary duration of
the antimicrobial treatment.’* Antimicrobial therapy was in-
itiated based on biomarker data for 211 (81.5%) out of the 259
patients treated with antimicrobials. Treatment based on bio-
marker data for patients at Causeway Hospital (n=69, 90.8%)
was higher than at Antrim Area Hospital (n=142, 77.6%). The
two hospitals utilized the two biomarkers, CRP and WBC count,
as noted in patients’ medical records. CRP directed 171 (81%) pa-
tients’ therapy whereas WBC count guided 40 (19%). Laboratory
culture requests were made for 141 (54.4%) of the 259 patients:
123 (67.2%) from Antrim and 18 (23.7%) from Causeway
Hospital.
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Figure 4. Compliance of antimicrobial prescriptions with local hospital antimicrobial guidelines within Antrim Area Hospital and Causeway Hospital
during the pandemic over May-August 2021. Compliant: when the antimicrobial choice is in compliance with local guidelines or infection specialist
advice. Not compliant: not compliant with local policy or infection specialist advice. Non-assessable: no local guidelines for the specific indication.

No information: because the indication is unknown.**

Indication therapy was documented in patients’ medical files
for 382 (95%) of the antimicrobial prescriptions. The recording of
areview or stop date for the antimicrobial was documented more
often within Causeway Hospital (58%) than Antrim Area Hospital
patients (40.7%) (Table 2). Empirical treatment (prescribing an
antimicrobial according to local guidelines or when microbio-
logical results were unavailable on the surveyed day of the
PPS),'° was identified in 333 (82.8%) of the 402 prescriptions.
Only 69 (17.2%) antimicrobials were being prescribed as a tar-
geted therapy, when the microbiological results directed the
therapy on the survey day.

It was found that 266 (66.2%) antimicrobial prescriptions
were compliant with local hospital guidelines, 59 (14.7%)
were non-compliant, 75 (18.6%) were non-assessable due to
the absence of local guidelines for the specific indication, and
2 (0.5%) had no information because of unknown diagnosis/
indication. As shown in Figure 4, the percentage of antimicro-
bial therapy non-compliant with hospital guidelines in
Causeway Hospital (n=19, 17%) was higher than in Antrim
Hospital (n=40, 13.8%). There was a significant difference
(P=0.015; Pearson’s chi-squared test) in compliance with hos-
pital antimicrobial guidelines (Figure 4) between the hospitals,
with compliance being higher in Causeway Hospital than
Antrim Hospital.

Evaluation of antimicrobial prescribing patterns

Linking the current data to a retrospective analysis of the records
within the Trust and over six timepoints between 2009 and 2021
using the G-PPS tool, a total of 5404 patients were surveyed dur-
ing their inpatient stay: 1203 in 2009, 876 in 2011, 1526 in 2015,
600in 2017, 608 in 2019 and 591 in 2021. The overall features of
antimicrobial prescribing patterns across the six timepoints are
shown in Table 3.

The majority of antimicrobial agents being frequently pre-
scribed across all timepoints were combinations of penicillins, in-
cluding B-lactamase inhibitors (JO1CR), which decreased from
34.9% in 2009, to 24% in 2019 and 24.4% in 2021. Figure 5 illus-
trates the overall changes in antimicrobial usage over the time.

The antimicrobial quality indicators for both hospitals across
the six timepoints can be seen in Table 4.'° Compliance with
the local hospital antimicrobial guidelines slightly decreased
from 69.5% in 2019 to 66.2% in 2021. Although the documented
indication started to increase over time, there was a slight de-
crease to 95%in 2021 compared with 95.9% in 2019. Therapy ini-
tiation based on biomarker data increased significantly over the
time from 61.5% in 2015 to 83.5% in 2019, but slightly decreased
to 81.5% in 2021 (during the pandemic).

Discussion

In this study based on the 2021 PPS data collection (during the pan-
demic), the bed occupancy of the two hospitals (85%) was almost
comparable with that previously published before the pandemic by
Harvey et al.*® in 2018 regarding statistics from Northern Ireland
Hospital Information. These data showed occupancy of 83.5% in
secondary care hospitals in 2018/2019. The 2021 PPS data showed
that more males (52.5%) were prescribed antimicrobial therapy
than females (47.5%) and the majority of treated inpatients were
over 60 years of age (75.6%); comparison with other published
PPS studies in Northern Ireland between 2009 and 2015 shows
these results to be slightly higher in terms of age and the inverse
of gender distribution of treated inpatients.'®

The patients treated with antimicrobials represented 37.3%
of the total 5404 surveyed across all timepoints. This was com-
parable to previous studies that showed one-third of inpatients
being prescribed antimicrobials.’” The number of patients
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Table 3. General characteristics and antimicrobial prescription patterns of patients surveyed over six timepoints (2009, 2011, 2015, 2017, 2019 and

2021)1°

Characteristics

2009, n (%)

2011, n (%)

2015, n (%)

2017, n (%)

2019, n (%)

2021, n (%)

Number of hospitalized patients
Number of treated patients (% of total inpatients)

Median age of treated patients, years
Gender (% of treated patients)
Male
Female
Number of prescribed antimicrobials
Number of antimicrobials prescribed per patient surveyed
Route of administration (% of antimicrobial prescriptions)
Oral

Parenteral

Indication (% of antimicrobial prescriptions)
Community-acquired infection

Hospital-acquired infection
Surgical prophylaxis
Medical prophylaxis

Diagnosis site (% of antimicrobial prescriptions)
Central nervous system

Eye

Otolaryngology

Respiratory

Cardiovascular

Gastrointestinal tract

Skin, soft tissue, bone and joint
Urinary tract

Genitourinary and obstetrics
Undefined site

Neonatal

1203
374
(31.1)
70

182
(48.6)
192
(51.3)
531
1.42

200
(37.7)
331
(62.3)

304
(57.0)
145
(27.2)
60
(11.3)

(10.7)

(0.0)

876
298
(34.0)
71

161
(54.0)
137
(46.0)
403
1.35

184
(45.7)
219
(54.3)

279
(69.2)
76
(18.9)
29
(7.2)
19
(4.7)

6

(1.5)
0

(10.4)

1526
567
(37.2)
72

270
(47.6)
297
(52.4)
818
1.44

257
(31.4)
561
(68.6)

554
(67.7)
145
(17.7)

600
269
(44.8)
72

125
(46.5)
144
(53.5)
408
1.51

155
(37.9)
252
(61.6)

234
(57.4)

131
(32.1)

(14.0)

135
(33.1)

(1.5)

608
248
(40.8)
72

111
(44.8)
137
(55.2)
387
1.56

168
(43.4)
219
(56.6)

231
(59.7)

120
(31.0)

(17.3)

(1.6)

591
259 (43.8)

75

136 (52.5)

123 (47.5)

402
1.55

176 (43.8)

226 (56.2)

276 (68.6)

64 (16)

7(1.7)

48 (12)

7(1.7)

0 (0.0)

12 (3)

126 (31.3)

1(0.2)

85(21.1)

24 (6)

71(17.7)

10 (2.5)

64 (16)

2 (0.5)

prescribed antimicrobials increased over time, recorded as 43.8%
in 2021 PPS data (during the pandemic), which was higher than

for the pre-pandemic year in 2019 (40.8%).

The numbers of prescribed antimicrobials before and during
the pandemic were relatively similar with no significant differ-
ence. In 2021, 60.2% of patients were prescribed only one
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for Drug Statistics Methodology.*®

Table 4. Quality indicators in antimicrobial prescribing in the study hospitals across six timepoints (2009, 2011, 2015, 2017, 2019 and 2021)°

2015, n (%) 2017, n (%) 2019, n (%) 2021, n (%)

Indicator 2009, n (%) 2011,° n (%)
Compliant with hospital 250 414
antimicrobial guidelines (47.1%) (67.0%)
Indication for treatment 471 542
was recorded (88.7%) (87.7%)

Treatment was based on NA NA
biomarker data

641 282 269 266
(78.4%) (69.0%) (69.5%) (66.2%)
741 378 371 382
(90.6%) (92.4%) (95.9%) (95%)
503 NA 207 211
(61.5%) (83.5%) (81.5%)

n, number of antimicrobial prescriptions; NA, not available.

%Includes some data collected for Craigavon Area Hospital Southern Health and Social Crae Trust (SHSCT).

antimicrobial, compared with 57.3% in 2019. This showed that
there was no impact of the COVID-19 pandemic on the total
number of prescribed antimicrobials for each individual patient
before and during the pandemic. These findings contrast with
those of Lai et al.,"® who concluded there was a significant in-
crease in antimicrobial prescribing during the COVID-19 pandem-
ic in secondary care settings in China. The conclusion of Lai et al.
could be attributed to the different health systems, antimicrobial
stewardship programmes, policy and implementation in China
and the UK.

An average of 1.55 antimicrobials per individual patient was
shown by the 2021 data (during the pandemic), which was nearly

equal to the pre-pandemic results (1.56), but slightly greater than
the average of other European countries’ hospitals (1.37 per indi-
vidual patient) as reported by Plachouras et al.*®

There was little change in the number of orally and parenteral-
ly prescribed antimicrobials before and during the COVID-19 pan-
demic. Although consumption of parenteral antimicrobials was
higher than oral therapy over the time, the percentage of paren-
teral therapy decreased across all timepoints, from 63.3% in
2009 to 56.2% in 2021, and so oral therapy increased from
37.7% in 2009 to 43.8% in 2021 within both hospital sites. This
reduction of prescribed parenteral therapy could be explained
in relation to an improvement in the prescribing pattern because
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parenteral therapy is usually associated with potential risks be-
sides higher costs in treatment and hospitalizations than oral
therapy.?%%!

As per guidelines, patients with parenteral antimicrobial ther-
apy should be reviewed within 72 h of starting the therapy to de-
termine the appropriateness of switching to oral therapy.?? A
stop or review date was recorded for 44.2% of patients on paren-
teral antimicrobial therapy during the pandemic, which was sig-
nificantly higher than that recorded in the pre-pandemic year
(8.7%). This significant reduction in parenteral antimicrobial pre-
scriptions might have been potentially associated with a de-
crease in some risks and costs in the study sites; however, this
might require further investigation. Schuts et al.?®* showed that
mortality risk decreased by 56% when modulating the parenteral
antimicrobials into oral antimicrobials.

CAls resulted in more antimicrobial prescriptions (68.6%) in
the 2021 PPS data (during the pandemic) compared with
59.7% in the 2019 PPS data, whereas 16% of the antimicrobial
prescriptions in the 2021 PPS data were attributed to HAIs, nearly
half of that seen in the 2019 PPS data (31%). Treatment of re-
spiratory infections accounted for the majority of the antimicro-
bial prescriptions over all timepoints; however, it was noted that
the overall antimicrobial prescriptions for respiratory infections
recorded during the pandemic (2021 PPS) was the lowest
(31.3%) when compared with the pre-pandemic years across
the six timepoints. This might be related to decreased patient vis-
its for respiratory consultations and possibly the reduction of the
infections due to implementation of public health measures such
as less mixing of the population and social distancing restric-
tions.?42¢

The major diagnosis in the 2021 PPS data was pneumonia or
LRTIs, which was lower than that before the pandemic. The ana-
lysis showed that the 2021 PPS data during the pandemic were
relatively consistent with those reported before in the results of
PPS in 2017 in some European countries (23.2%), as reported
by Vandael et al.?’

Over time, the most frequently prescribed antimicrobial group
was a combination of penicillins, including B-lactamase inhibitors
(JO1CR), which remained nearly constant before and during the
pandemic (24% and 24.4%, respectively). Consumption of peni-
cillins with extended spectrum (JO1CA) reduced in the 2021 PPS
(13.4%) compared with 17.8% in the 2019 PPS but was nearly
consistent with the 13.7% in the 2015 PPS. The consumption of
penicillins with extended spectrum (JO1CA) raised over the time-
points and was found to be statistically significant between the
six timepoints.

The major antimicrobial agents prescribed in the 2021 PPS (dur-
ing the pandemic) were piperacillin/tazobactam, co-amoxiclav
and ceftriaxone, which were similar to the 2019 PPS (before the
pandemic). These findings were similar to those found in the EU
PPS results published in 2016-2017.° Broad-spectrum antimicro-
bial consumption (cephalosporins, co-amoxiclav, quinolones and
clindamycin) represented 16% of all antimicrobial usage in the
2021 PPS, with all prescribing considered appropriate, which was
lower than that in 2019 (19.4%). But this was contradicted by an-
other study.”®

Details of indications, therapy duration and date for review
should be recorded against all antimicrobial prescriptions to
help prescribers regularly make decisions about the antimicrobial

therapy.?? Recording of indication improved over the timepoints,
and the 2021 PPS value (95%) was consistent with that before
the pandemic in the 2019 PPS (95.5%). There was an improved
incidence of the recording of a date to review or stop antimicro-
bial therapy in the 2021 PPS (45.4%) compared with the 2019 PPS
(20.9%). It is recommended that the continuity of prescribed
antimicrobials should be checked and reviewed during the 72 h
after starting the therapy.?®

Antimicrobial guidelines-based resistance and severity pat-
terns are considered to be the standard for antimicrobial stew-
ardship programmes in addition to the cost and efficacy.>>3?
The 2021 PPS results showed 66.2% of antimicrobial prescriptions
were compliant with the local antimicrobial guidelines, slightly
lower than the 69.5% in the 2019 PPS before the pandemic.
The percentage of MP prescriptions increased over time, from
4.5% in 2009 to 8.3% in 2019 and 12% in 2021 (during the pan-
demic). The majority of the MP prescriptions in the 2021 PPS
(89.6%) were non-assessable (no local guidelines for the indica-
tion). This was higher than the 2019 PPS (78.1%) before the pan-
demic. This finding might have resulted from concern regarding
secondary bacterial infections during the fast and dynamic envir-
onment of the COVID-19 pandemic.'®

Procalcitonin was used to reflect disease severity in the
COVID-19 patients.®? However, biomarkers such as CRP and
WBCs have been used frequently by physicians during the
COVID-19 pandemic in order to differentiate between bacterial
and viral infections and to assess the severity of COVID-19.373°
The 2021 PPS showed that 81.5% of patients were prescribed
antimicrobials based on biomarker data, which was slightly lower
than the 83.5% in the 2019 PPS before the pandemic (but signifi-
cantly higher than the 2015 finding of 61.5%), which reflects bet-
ter compliance with the implemented antimicrobial stewardship
programmes. CRP was the major biomarker used both pre-
pandemic and during the pandemic for antimicrobial prescription
decisions, directing 60.9% and 81% of patients’ therapy, respect-
ively. Antimicrobial therapy should be directed by biomarker data
to avoid an unnecessarily long therapy duration and hence
costs.?®3’

The 2021 PPS (during the pandemic) showed that 82.8% of
antimicrobials were being prescribed empirically, comparable to
a previous study.*® This proportion was less than before the pan-
demic in the 2019 PPS (89.7%). Antimicrobial consumption based
on microbiology culture results leads to reduced costs and im-
proved efficacy by reducing the therapy duration.* Due to the
high-paced environment and uncertainty during the COVID-19
pandemic, the 2021 PPS results showed that 54.4% of patients
treated with an antimicrobial had a culture sent to the laboratory,
which was lower than the 70.2% in the 2019 PPS before the pan-
demic.“%*? Microbiological culture data can direct clinicians to-
wards the most appropriate antimicrobial therapy.®*“* Although
only 17.2% of antimicrobial prescriptions were initiated by micro-
biological results in the 2021 PPS, this finding was an improvement
on the 10.3% in the pre-pandemic 2019 PPS.

Study limitations

This prevalence study was not suitable for measuring resistance
rates; it explored the current situation within both hospitals. The
PPS surveys do not collect data on resistance rates, which could
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be surveyed at a future timepoint to determine if they were im-
pacted by the pandemic and associated prescribing changes.

The main data were collected from the biggest district hospi-
tals within the Trust (Antrim and Causeway hospitals). However,
some data from 2011 were collected from Craigavon Hospital
(a different hospital from the two main hospitals included in
the study) but are still comparable with the main data collected
in 2019 and 2021.

In addition, there were differences in the protocols of the
ECDC-PPS and the G-PPS, such as antivirals (JO5) and antimalar-
ials (PO1B), which were only included in the G-PPS. Also, limited
data about surgical prophylaxis prescriptions within the 2019
PPS before the pandemic made it hard to compare with the
2021 PPS during the pandemic and the other timepoints.

Conclusions

There appears to be no impact of the COVID-19 pandemic on the
overall antimicrobial prescribing patterns in two district hospitals
in Northern Ireland. This observation may be attributed to the
dedicated efforts inimplementing and complying with antimicro-
bial stewardship programmes within both hospitals.

[t was interesting to find some improvements in the 2021 PPS
(during the pandemic) relative to before the pandemic in the
2019 PPS: a decreased number of antimicrobials prescribed per
patient; a slight decrease in parenteral therapy and thus slight in-
crease in oral therapy; the number of HAIs decreased to almost
half its value in 2021 (during the pandemic) compared to 2019;
an unexpected decrease in the incidence of respiratory infections;
and a higher rate of stop or review date documented. It was
found that the practice of recording a review or stop date for anti-
microbials (alongside other factors such as enabling earlier dis-
charges through reducing the length of parenteral therapy and
HAIs) contributed to a slight improvemnet of overall 2021 PPS
(during the pandemic) when compared to the pre-pandemic
2019 PPS. The antimicrobial stewardship programmes and guide-
lines played an important role in controlling antimicrobial con-
sumption during the COVID-19 pandemic in the NHSCT,
Northern Ireland.

Further studies are recommended to investigate the anti-
microbial prescribing and resistance patterns with the inclusion
of post-COVID-19 data.

Acknowledgements

We would like to thank the staff and pharmacists in NHSCT, Northern
Ireland, for their support in data collection.

Funding

This research was jointly funded by both Misr University for Science and
Technology (6™ October City, Eqypt) and Ulster University (Coleraine,
UK) through a joint research programme to support one researcher
from Egypt to compete a MSc (Master’s degree in Clinical Pharmacy).
Article processing charges (APC) was paid by Ulster University through
Jisc affliated UK intitutions Open Access Agreement.

Transparency declarations
Nothing to declare.

Institutional review board statement

The study was approved by the Ethics Committee and Institutional
Review Board, by Ulster University Biomedical Sciences Ethics filter
committee (approval number: FCBMS-21-015) and the Research
Governance Department of the NHSCT before commencing. The study
was also approved by the Research and Ethics Committee (REC) of
the Faculty of Pharmacy, Beni-Suef University (approval number:
REC-H-PhBSU-22017). The study was conducted in accordance with the
Declaration of Helsinki.

Informed consent statement

Patient consent was waived as data collection was completely anon-
ymized using the G-PPS tool. Every patient record was given a unique non-
identifiable survey number. This number was automatically generated by
computer program based on several internal codes. This number identi-
fied the patient uniquely in the G-PPS database. The anonymous identifier
was used to track patients locally in each hospital in order to correct mis-
takes after data entry. No other patient identifiers were collected or re-
corded so that patient details were NOT traceable (Data Privacy Excerpt
for the G-PPS). This study was classed by the ethics committee as a qual-
ity service evaluation observational study and no patients identifiers were
collected at all.

Data availability

Some of data contained in the study were recorded in the G-PPS data-
base, which is accessible to healthcare professionals but with limited ac-
cess to the public (https:/www.global-pps.com/).

Supplementary data
Table S1 is available as Supplementary data at JAC-AMR Online.

References

1 Murray CJL, Ikuta KS, Sharara F et al. Global burden of bacterial anti-
microbial resistance in 2019: a systematic analysis. Lancet 2022; 399:
629-55. https://doi.org/10.1016/S0140-6736(21)02724-0

2 Smith SV, Gould IM. Optimization of antibiotic dosing schedules in the
light of increasing antibiotic resistance. Expert Rev Anti Infect Ther 2004;
2: 227-34. https://doi.org/10.1586/14787210.2.2.227

3 Paterson DL. The role of antimicrobial management programs in
optimizing antibiotic prescribing within hospitals. Clin Infect Dis 2006;
42 Suppl 2: S90-5. https://doi.org/10.1086/499407

4 Knight GM, Glover RE, Mcquaid CF et al. Antimicrobial resistance and
COVID-19: intersections and implications. eLife 2021; 10: E64139.
https://doi.org/10.7554/eLife.64139

5 Monnet DL, Harbarth S. Will coronavirus disease (COVID-19) have an
impact on antimicrobial resistance? Eurosurveillance 2020; 25:
2001886. https://doi.org/10.2807/1560-7917.ES.2020.25.45.2001886

6 Lopez-Jacome LE, Ferndndez-Rodriguez D, Franco-Cendejas R et al.
Increment antimicrobial resistance during the COVID-19 pandemic: re-
sults from the Invifar network. Microb Drug Resist 2022; 28: 338-45.
https:/doi.org/10.1089/mdr.2021.0231

90of 11


https://www.global-pps.com/
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlad117#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlad117#supplementary-data
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.1586/14787210.2.2.227
https://doi.org/10.1086/499407
https://doi.org/10.7554/eLife.64139
https://doi.org/10.2807/1560-7917.ES.2020.25.45.2001886
https://doi.org/10.1089/mdr.2021.0231

Tadros et al.

7 Collignon P, Beggs JJ. CON: COVID-19 will not result in increased anti-
microbial resistance prevalence. JAC Antimicrob Resist 2020; 2: dlaa051.
https:/doi.org/10.1093/jacamr/dlaa051

8 Rizk NA, Moghnieh R, Haddad N et al. Challenges to antimicrobial
stewardship in the countries of the Arab League: concerns of
worsening resistance during the COVID-19 pandemic and proposed
solutions.  Antibiotics 2021; 10: 1320. https:/doi.org/10.3390/
antibiotics10111320

9 Lucien MAB, Canarie MF, Kilgore PE et al. Antibiotics and antimicrobial
resistance in the Covid-19 era: perspective from resource-limited settings.
Int J Infect Dis 2021; 104: 250-4. https://doi.org/10.1016/}.ijid.2020.12.
087

10 Al-TaaniGM, Scott M, Farren D et al. Longitudinal point prevalence sur-
vey of antibacterial use in Northern Ireland using the European
Surveillance of Antimicrobial Consumption (ESAC) PPS and Global-PPS
tool. Epidemiol Infect 2018; 146: 985-90. https://doi.org/10.1017/
S095026881800095X

11 GLOBAL-PPS. Global point prevalence survey of antimicrobial consump-
tion and resistance. 2021. https:/www.global-pps.com/wp-content/
uploads/2021/03/Protocol_Global-PPS-with-optional-HAI-module_Jan-2021.
pdf

12 Northern Health and Social Care Trust. Homepage. 2023. https://www.
northerntrust.hscni.net/#:~:text=Welcome%20to%20the%20Northern%
20Health%20and%20Social%20Care%20Trust%20website&text=We%20
provide%20a%?20range%?200f, geographical%20trust%20in%20Northern
%?20Ireland

13 Maxwell SRJ, Wilkinson K. Writing safe and effective prescriptionsin a
hospital Kardex. J R Coll Physicians Edinb 2007; 37: 348.

14 Pauwels I, Versporten A, Vermeulen H et al. Assessing the impact of
the global point prevalence survey of antimicrobial consumption and re-
sistance (Global-PPS) on hospital antimicrobial stewardship programmes:
results of a worldwide survey. Antimicrob Resist Infect Control 2021; 10:
1-12. https://doi.org/10.1186/s13756-021-01010-w

15 WHO Collaborating Centre for Drug Statistics Methodology. The
Anatomical Therapeutic Chemical code—ATC code. 2023. https:/www.
whocc.no/atc_ddd _index/

16 Harvey K, Mallon S, Morgan S. Hospital statistics: Inpatient and
day case activity Northern Ireland 2018/19. Hospital Information Branch,
2018. https://www.health-ni.gov.uk/sites/default/files/publications/health/
hs-inpatient-day-case-stats-18-19_1.pdf

17 Versporten A, Zarb P, Caniaux I et al. Antimicrobial consumption and
resistance in adult hospital inpatients in 53 countries: results of an
internet-based global point prevalence survey. Lancet Glob Health 2018;
6: E619-29. https://doi.org/10.1016/52214-109X(18)30186-4

18 LaiCC, Chen SY, Ko WC et al. Increased antimicrobial resistance during
the COVID-19 pandemic. Int J Antimicrob Agents 2021; 57: 106324.
https:/doi.org/10.1016/j.ijantimicag.2021.106324

19 Plachouras D, Karki T, Hansen S et al. Antimicrobial use in European
acute care hospitals: results from the second Point Prevalence Survey
(PPS) of healthcare-associated infections and antimicrobial use, 2016 to
2017. Eurosurveillance 2018; 23: 1800393. https:/doi.org/10.2807/
1560-7917.ES.23.46.1800393

20 Spellberg B, Lipsky BA. Systemic antibiotic therapy for chronic osteo-
myelitis in adults. Clin Infect Dis 2012; 54: 393-407. https://doi.org/10.
1093/cid/cir842

21 Rojas-Reyes MX, Rugeles CG. Oral antibiotics versus parenteral anti-
biotics for severe pneumonia in children. Cochrane Database Syst Rev
2006; issue 2: CDO04979. https://doi.org/10.1002/14651858.CD004979.
pub?

22 Public Health England. Start Smart—Then Focus. Antimicrobial
Stewardship Toolkit for English hospitals. 2015. https://assets.publishing.

service.gov.uk/government/uploads/system/uploads/attachment_data/
file/417032/Start_Smart_Then_Focus FINAL.pdf.

23 Schuts EC, Hulscher ME, Mouton JW et al. Current evidence on hospital
antimicrobial stewardship objectives: a systematic review and
meta-analysis. Lancet Infect Dis 2016; 16: 847-56. https://pubmed.ncbi.
nlm.nih.gov/26947617/

24 Arvonen M, Raittinen P, Niemenoja O et al. Nationwide infection con-
trol strategy lowered seasonal respiratory infection rate: occupational
health care perspective during the Covid-19 epidemic in Finland. J
Infect Dis 2021; 53: 839-46. https:/doi.org/10.1080/23744235.2021.
1944661

25 Agca H, Akalin H, Saglik I et al. Changing epidemiology of influenza and
other respiratory viruses in the first year of Covid-19 pandemic. J Infect Public
Health 2021; 14: 1186-90. https:/doi.org/10.1016/j.jiph.2021.08.004

26 Yum S, Hong K, Sohn S et al. Trends in viral respiratory infections during
Covid-19 pandemic, South Korea. Emerg Infect Dis 2021; 27: 1685. https:/
doi.org/10.3201/eid2706.210135

27 Vandael E, Latour K, Goossens H et al. Point prevalence survey of anti-
microbial use and healthcare-associated infections in Belgian acute care
hospitals: results of the Global-PPS and ECDC-PPS 2017. Antimicrob Resist
Infect Control 2020; 9: 1-13. https://doi.org/10.1186/s13756-019-0663-7

28 Andrews A, Budd EL, Hendrick A et al. Surveillance of antibacterial
usage during the COVID-19 pandemic in England, 2020. Antibiotics
2021; 10: 841. https://doi.org/10.3390/antibiotics10070841

29 Ashiru-Oredope D, Sharland M, Charani E et al. Improving the quality
of antibiotic prescribing in the NHS by developing a new antimicrobial
stewardship programme: Start Smart—Then Focus. J Antimicrob
Chemother 2012; 67 Suppl 1: I51-63. https://doi.org/10.1093/jac/dks202

30 Pulcini C, Binda F, Lamkang AS et al. Developing core elements and
checklist items for global hospital antimicrobial stewardship pro-
grammes: a consensus approach. Clin Microbiol Infect 2019; 25: 20-5.
https://doi.org/10.1016/j.cmi.2018.03.033

31 Parulekar L, Soman R, Singhal T et al. How good is compliance with
surgical antibiotic prophylaxis guidelines in a tertiary care private hospital
in India? A prospective study. Indian J Surg 2009; 71: 15-8. https://doi.org/
10.1007/512262-009-0004-9

32 Vazzana N, Dipaola F, Ognibene S. Procalcitonin and secondary bac-
terial infections in COVID-19: association with disease severity and out-
comes. Acta Clin Belg 2022; 77: 268-72. https://doi.org/10.1080/
17843286.2020.1824749

33 Potempa LA, Rajab IM, Hart PC et al. Insights into the use of C-reactive
protein as a diagnostic index of disease severity in Covid-19 infections. Am
J Trop Med Hyg 2020; 103: 561-3. https://doi.org/10.4269/ajtmh.20-0473

34 RotheK, Feihl S, Schneider J et al. Rates of bacterial co-infections and
antimicrobial use in Covid-19 patients: a retrospective cohort study in
light of antibiotic stewardship. Eur J Clin Microbiol Infect Dis 2021; 40:
859-69. https://doi.org/10.1007/s10096-020-04063-8

35 Nora D, Salluh J, Martin-Loeches I et al. Biomarker-guided antibiotic
therapy—strengths and limitations. Ann Transl Med 2017; 5: 208.
https://doi.org/10.21037/atm.2017.04.04

36 Hopstaken RM, Muris JW, Knottnerus JA et al. Contributions of symp-
toms, signs, erythrocyte sedimentation rate, and C-reactive protein to a
diagnosis of pneumonia in acute lower respiratory tract infection. Br J
Gen Pract 2003; 53: 358-64. https://pubmed.ncbi.nlm.nih.gov/12830562/
37 De JongE, Van Oers JA, Beishuizen A et al. Efficacy and safety of procal-
citonin guidance in reducing the duration of antibiotic treatment in critical-
ly ill patients: a randomised, controlled, open-label trial. Lancet Infect Dis
2016; 16: 819-27. https://doi.org/10.1016/S1473-3099(16)00053-0

38 Pettit NN, Nguyen CT, Lew AK et al. Reducing the use of empiric anti-
biotic therapy in COVID-19 on hospital admission. BMC Infect Dis 2021; 21:
516. https://doi.org/10.1186/512879-021-06219-z

10 of 11


https://doi.org/10.1093/jacamr/dlaa051
https://doi.org/10.3390/antibiotics10111320
https://doi.org/10.3390/antibiotics10111320
https://doi.org/10.1016/j.ijid.2020.12.087
https://doi.org/10.1016/j.ijid.2020.12.087
https://doi.org/10.1017/S095026881800095X
https://doi.org/10.1017/S095026881800095X
https://www.global-pps.com/wp-content/uploads/2021/03/Protocol_Global-PPS-with-optional-HAI-module_Jan-2021.pdf
https://www.global-pps.com/wp-content/uploads/2021/03/Protocol_Global-PPS-with-optional-HAI-module_Jan-2021.pdf
https://www.global-pps.com/wp-content/uploads/2021/03/Protocol_Global-PPS-with-optional-HAI-module_Jan-2021.pdf
https://www.northerntrust.hscni.net/#:&sim;:text=Welcome%20to%20the%20Northern%20Health%20and%20Social%20Care%20Trust%20website&amp;text=We%20provide%20a%20range%20of,%20geographical%20trust%20in%20Northern%20Ireland
https://www.northerntrust.hscni.net/#:&sim;:text=Welcome%20to%20the%20Northern%20Health%20and%20Social%20Care%20Trust%20website&amp;text=We%20provide%20a%20range%20of,%20geographical%20trust%20in%20Northern%20Ireland
https://www.northerntrust.hscni.net/#:&sim;:text=Welcome%20to%20the%20Northern%20Health%20and%20Social%20Care%20Trust%20website&amp;text=We%20provide%20a%20range%20of,%20geographical%20trust%20in%20Northern%20Ireland
https://www.northerntrust.hscni.net/#:&sim;:text=Welcome%20to%20the%20Northern%20Health%20and%20Social%20Care%20Trust%20website&amp;text=We%20provide%20a%20range%20of,%20geographical%20trust%20in%20Northern%20Ireland
https://www.northerntrust.hscni.net/#:&sim;:text=Welcome%20to%20the%20Northern%20Health%20and%20Social%20Care%20Trust%20website&amp;text=We%20provide%20a%20range%20of,%20geographical%20trust%20in%20Northern%20Ireland
https://doi.org/10.1186/s13756-021-01010-w
https://www.whocc.no/atc_ddd_index/
https://www.whocc.no/atc_ddd_index/
https://www.health-ni.gov.uk/sites/default/files/publications/health/hs-inpatient-day-case-stats-18-19_1.pdf
https://www.health-ni.gov.uk/sites/default/files/publications/health/hs-inpatient-day-case-stats-18-19_1.pdf
https://doi.org/10.1016/S2214-109X(18)30186-4
https://doi.org/10.1016/j.ijantimicag.2021.106324
https://doi.org/10.2807/1560-7917.ES.23.46.1800393
https://doi.org/10.2807/1560-7917.ES.23.46.1800393
https://doi.org/10.1093/cid/cir842
https://doi.org/10.1093/cid/cir842
https://doi.org/10.1002/14651858.CD004979.pub2
https://doi.org/10.1002/14651858.CD004979.pub2
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/417032/Start_Smart_Then_Focus_FINAL.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/417032/Start_Smart_Then_Focus_FINAL.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/417032/Start_Smart_Then_Focus_FINAL.pdf
https://pubmed.ncbi.nlm.nih.gov/26947617/
https://pubmed.ncbi.nlm.nih.gov/26947617/
https://doi.org/10.1080/23744235.2021.1944661
https://doi.org/10.1080/23744235.2021.1944661
https://doi.org/10.1016/j.jiph.2021.08.004
https://doi.org/10.3201/eid2706.210135
https://doi.org/10.3201/eid2706.210135
https://doi.org/10.1186/s13756-019-0663-7
https://doi.org/10.3390/antibiotics10070841
https://doi.org/10.1093/jac/dks202
https://doi.org/10.1016/j.cmi.2018.03.033
https://doi.org/10.1007/s12262-009-0004-9
https://doi.org/10.1007/s12262-009-0004-9
https://doi.org/10.1080/17843286.2020.1824749
https://doi.org/10.1080/17843286.2020.1824749
https://doi.org/10.4269/ajtmh.20-0473
https://doi.org/10.1007/s10096-020-04063-8
https://doi.org/10.21037/atm.2017.04.04
https://pubmed.ncbi.nlm.nih.gov/12830562/
https://doi.org/10.1016/S1473-3099(16)00053-0
https://doi.org/10.1186/s12879-021-06219-z

Anitmicrobial prescribing and COVID-19 pandemic

JAR

39 Berild D, Mohseni A, Diep LM et al. Adjustment of antibiotic treatment
according to the results of blood cultures leads to decreased antibiotic
use and costs. J Antimicrob Chemother 2006; 57: 326-30. https:/doi.
org/10.1093/jac/dki463

40 Huttner BD, Catho G, Pano-Pardo JR et al. COVID-19: don’t neglect
antimicrobial stewardship principles! Clin Microbiol Infect 2020; 26:
808-10. https://doi.org/10.1016/j.cmi.2020.04.024

41 Kubin CJ, Loo AS, Cheng J et al. Antimicrobial stewardship perspec-
tives from a New York City hospital during the COVID-19 pandemic:

challenges and opportunities. Am J Health Syst Pharm 2021; 78:
743-50. https://doi.org/10.1093/ajhp/zxaa419

42 Koffman J, Gross J, Etkind SN et al. Uncertainty and COVID-19: how
are we to respond?. J R Soc Med 2020; 113: 211-6. https://doi.org/10.
1177/0141076820930665

43 Bailey C, Tully M, Cooke J. Perspectives of clinical microbiologists on
antimicrobial stewardship programmes within NHS trusts in England.
Antimicrob Resist Infect Control 2015; &4: 1-9. https:/doi.org/10.1186/
s13756-015-0090-3

11 of 11


https://doi.org/10.1093/jac/dki463
https://doi.org/10.1093/jac/dki463
https://doi.org/10.1016/j.cmi.2020.04.024
https://doi.org/10.1093/ajhp/zxaa419
https://doi.org/10.1177/0141076820930665
https://doi.org/10.1177/0141076820930665
https://doi.org/10.1186/s13756-015-0090-3
https://doi.org/10.1186/s13756-015-0090-3

	Antimicrobial prescribing in a secondary care setting duringthe COVID-19 pandemic
	Introduction
	Methods
	Study design
	Study setting
	Data collection for the G-PPS survey
	Inclusion and exclusion criteria for the G-PPS
	Statistical analysis
	Data confidentiality and protection
	Ethical approval

	Results
	Characteristics of participating hospitals and surveyed patients during the pandemic over May–August 2021
	Antimicrobial prescription patterns during the pandemic over May–August 2021
	Antimicrobial choice during the pandemic over May–August 2021
	Antimicrobial quality indicators
	Evaluation of antimicrobial prescribing patterns

	Discussion
	Study limitations
	Conclusions

	Acknowledgements
	Funding
	Transparency declarations
	Institutional review board statement
	Informed consent statement
	Data availability
	Supplementary data
	References




