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Abstract: Research is scarce regarding antimicrobial use and antimicrobial resistance (AMR) for specific
localities in Northern Ireland (NI). Additionally, the effects of COVID-19 on antimicrobial prescribing patterns
and AMR are unknown. Between the European Union (EU) and United States (US), AMR causes approximately
68,000 deaths annually. This study will provide a better understanding of antimicrobial use and prescribing
patterns in Belfast and link with AMR. An electronic survey was developed and distributed to eighty-five
community pharmacists in Belfast. Yearly and monthly prescription data was gathered from the Business
Services Organisation and COVID-19 statistics from Gov.uk. All data was analysed on Microsoft Office Excel®
and IBM® SPSS® Statistics 25. Overall response rate was 46%. Most pharmacists (82%) failed to address
prescriber non-compliance with guidelines and antimicrobial dosing errors (59%). The most common
indication for antibiotics was upper respiratory tract infections (URTIs). Overprescribing of antibiotics was
perceived as the leading cause of AMR, therefore 69% of pharmacists indicated increased General Practitioner
(GP) compliance with guidelines would reduce AMR. Pharmacists’ are in an ideal position to reduce AMR
through patient education however, it is demonstrated that pharmacists failed to adequately counsel patients
on antibiotic use. All GP practices demonstrated inappropriate antibiotic use, especially for URTIs which
suggests antibiotic appropriateness should be reviewed. Many patients avoided contact with GP’s during
COVID-19 which may have resulted in reduced antibiotic use. This research established amoxicillin as the most
commonly prescribed antibiotic, which is contributing to increased AMR with its broad-spectrum activity and
has recognised a decrease in antibiotic prescribing during COVID-19. Based on the results found and a critical
review of the literature it is recommended antimicrobial guidelines should be reviewed and improved,
enhanced training should be provided to pharmacists and the antibiotic guardian (AG) campaign should be
reenergised.
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1. Introduction

Antimicrobial resistance (AMR) occurs when a microorganism evolves following exposure to an
antimicrobial drug, resulting in failure of the antimicrobial medication [1]. According to the WHO,
2014 [2], the successful treatment of infections caused by bacteria, fungi, viruses and parasites are
dwindling due to AMR.

The overuse and misuse of antimicrobials combined with reduced manufacture of new
antimicrobials are major factors influencing AMR [3]. Reports have demonstrated that primary care
accounts for 80% of antibiotics prescribed and between 20-50% of these are estimated to be
inappropriate [4,5]. The extensive use of broad-spectrum antibiotics is contributing to an increase in
serious systemic fungal infections [6].

AMR is of increasing global concern and was described as a “ticking time bomb” by the Chief
Medical Officer (CMO) of England, highlighting the seriousness of this issue [7]. New mechanisms
of resistance are rapidly evolving, hindering health care professional’s (HCP) ability to treat
infections [1]. Previously, AMR was mostly associated with hospital and care settings, however
primary care currently has increasing numbers of resistant infections [3]. Immediate action is needed
to prevent a post-antibiotic era in which common infections are a cause of death [1].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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It is estimated that between the European Union (EU) and the United States (US), 68,000 people
die annually as a result of an antimicrobial resistant infection [8,9]. These infections cost the NHS
approximately £180 million annually [10].

Antimicrobials play an essential role in the treatment of serious or life threating infections such
as malaria and pneumonia. They are also vital in the prevention of infection in neonates, patients
undergoing chemotherapy, transplants or invasive surgical procedures such as caesarean sections
[3].

Research by Clancy et al., 2020 [11] predicted a rise in AMR due to the increased, unnecessary
use of broad-spectrum antibiotics during COVID-19. On the other hand, Collignon and Beggs, 2020
[12] suggested that the pandemic will reduce AMR due to a reduction in the spread of resistant
microorganisms through increased infection control practices in both the community and healthcare
facilities. These contrasting views demonstrate there is a significant lack of knowledge and evidence
relating to AMR levels during and post the first wave of the COVID-19 pandemic.

Furthermore, it was speculated that the antibiotics hydroxychloroquine and azithromycin in
combination could be a treatment option for COVID-19, however there is a lack of evidence to
support this theory, therefore at this time is considered an example of antibiotic misuse which may
have resulted in patient harm [13].

A five-point global action plan was designed which aimed to reduce AMR. The action plan
intended to educate the community on AMR, decrease infection rates through enhanced sanitation
and infection control measures, improve knowledge on AMR through research, ensure optimal
antimicrobial use and reduce the cost associated with AMR through investments in vaccine
programmes, manufacturing of new antimicrobial drugs and diagnostic tools [14].

There is a global misconception that antibiotics cure viral self-limiting infections such as the cold
or flu [15]. Thus, antimicrobial stewardship (AMS) aims to optimise appropriate use of antimicrobial
drugs through selection of the most suitable drug for the relevant infection, given by the correct route,
at the right dose and for the required time [16].. In primary care, pharmacists are key in implementing
AMS through evidence-based medicine optimisation and antimicrobial prescribing reviews [17].

The antibiotic guardian (AG) campaign was introduced during the 2014 European Antibiotic
Awareness Day (EAAD) as a pledge for HCPs and the public. The aim of this campaign for HCP
including pharmacists was to empower champions of AMS within their role and remit, including
education of HCPs and the public on antibiotic use and in turn reduce AMR [18].

Previous research by Mone, 2018 [19] considered antibiotic use and AMR in Northern Ireland
(NI) as a whole, however there continues to be a dearth of evidence regarding antimicrobial use in
relation to AMR in specific localities in Northern Ireland (NI), therefore this research will build upon
these findings to enhance knowledge of AMR with regards to antimicrobial use in the Belfast area
through exploring pharmacists’ knowledge, attitudes, opinions and behaviours.

The effects of the COVID-19 pandemic are largely unknown with regards to antimicrobial use
with a link to AMR. The study’s undertaken by Clancy et al., 2020 [11] and Collignon and Beggs, 2020
[12] are contradictive, therefore it is important to establish how COVID-19 has impacted
antimicrobial use and in turn AMR. This study will also attempt to glean information in relation to
this important aspect of AMR and make recommendations to improve the current alarming position.

The overall aim of this research is to determine antibiotic prescribing patterns within primary
care in the Belfast locality and determine any link with AMR.

2. Results

2.1. Demographics

46% of pharmacists completed the survey, with the highest response rate in East Belfast (65%)
and the lowest in West Belfast (25%). Of the thirty-nine responses, twenty-five (64%) were between
24-34 years old, eleven (28%) were between 35-44 years old, two (5%) were between 45-54 years old,
one (3%) was between 55-64 and no response was obtained from pharmacists over 64 years old. Most
responses were seen in the age range 24-34, while the least were seen by over 64-year olds.
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2.2. Misuse of Antibiotics

Twenty-six out of thirty-nine pharmacists (67%) were of the view that antibiotics were
overprescribed or misused by GP surgeries in their area. In contrast, thirteen pharmacists (33%)
believed antibiotics were not overprescribed or misused by GP practices in their area. The majority
of pharmacists from North (70%), South (85.7%), East (61.5%) and West (80%) Belfast believe that
antibiotics are overprescribed or misused by GP’s, however in Central Belfast the opposite was
reported in that 75% pharmacists believe antibiotics are not overprescribed or misused (Figure 1).
There was no statistical significance observed between the area of Belfast and pharmacist opinion on
overuse or misuse of antibiotics (p=0.368; Fisher’s exact test).

Percentage of pharmacists from each locality that believe antibiotics
are overprescribed or misused by GP surgeries.
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Figure 1. Percentage of pharmacists from each locality in Belfast that believe antibiotics are
overprescribed or misused by GP surgeries.

The most common method used by fifteen out of thirty-nine (39%) pharmacists to reduce
antimicrobial use was to provide patients with advice for self-limiting infections. Fourteen
pharmacists (36%) counselled patients on correct antibiotic use and twelve pharmacists (31%)
discouraged GP visits for patients with self-limiting infections. Thirty-two out of thirty-nine (82%)
pharmacists did not address non-compliance with antimicrobial guidelines. Seven out of thirty-nine
(18%) pharmacists addressed non-compliance 1-3 times per week. Non-compliance with local
guidelines were never addressed more than three times per week. There was no statistical
significance established between the locality in Belfast and the average number of times per week
pharmacists addressed non-compliance with local antimicrobial guidelines (p=0.367; Fisher’s exact
test). Dosing errors were not addressed by twenty-three out of thirty-nine (59%) pharmacists. Sixteen
out of thirty-nine (41%) pharmacists addressed dosing errors 1-3 times per week. Dosing errors were
never addressed more than three times per week.

There was no statistical difference found between the area in Belfast and the average number of
times per week pharmacists contacted prescribers with regards to dosing errors for antimicrobials
(p=0.215; Fisher’s exact test).

2.3. Antibiotic use

Friedman’s rank was applied to obtain the mean rank of pharmacists’ opinion on each of the
above antibiotics. This was then compared to the actual rank from accessing the Business Service’s
Organisation data for primary care prescribing in Northern Ireland [20]. Table 1 demonstrates
amoxicillin was the most commonly dispensed antibiotic followed by doxycycline, both in actual
rank and Friedman’s rank. Actual rank and pharmacists’ opinion ranked by Friedman’'s test were
inconsistent for the eight other antibiotics.
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Table 1. Pharmacists opinion on the most commonly prescribed antibiotics compared to the actual
rank order of the most commonly prescribed antibiotics [20].

Rank by Friedman  No of prescriptions in

Antibiotic Mean Rank test primary care [20] Rank
Amoxicillin 1.05 1 510881 1
Doxycycline 3.55 2 163572 2
Trimethoprim 3.97 4 142739 3
Flucloxacillin 4.16 5 128608 4
Phenoxymethyl 3.74 3 108236 5
-penicillin
Clarithromycin 6.55 7 97230 6
Co-amoxiclav 6.47 6 70241 7

Cephalexin 8.82 10 61303 8
Erythromycin 8.11 8 31648 9
Ciprofloxacin 8.58 9 24670 10

41% of pharmacists suggested the most common antibiotic indication in Belfast was an upper
respiratory tract infection (URTI), 26% suggested chest infection, while 18% indicated urinary tract
infection (UTI). Only 3% of pharmacists believed skin and soft tissue infections were the most
common indication for antibiotics. 13% of pharmacists believed the most common indication for
antibiotics were of other origin than listed above. The other indication suggested was dental
infections with 10% of pharmacists noting this as a common indication in their pharmacy. 3% of
pharmacists responded with information not known. There was no statistical difference observed
between the area of Belfast and the most common indication for antibiotics (p=0.896; Fisher’s exact
test). The most common age range for antibiotics prescribed in Belfast, indicated by 62% of
pharmacists was between 51-70 years old, while 21% suggested 21-50 years old and 13% believed the
most common age range was over 70 years old. Only 5% of pharmacists believed most antibiotics
were prescribed for children between 4-10 years old with none indicating the under 3 years old or 11-
20 years ranges as common for antibiotic prescriptions.

2.4. What is the problem?

Friedman'’s rank was applied to obtain the mean rank of pharmacists’ opinion for each of the
suggested causes of AMR shown in Table 2. The most common opinion for the main cause of AMR
was overprescribing of antibiotics and the least common was poor patient hygiene and sanitation.
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Table 2. Pharmacists opinion on the main cause of antimicrobial resistance.

Cause Mean Rank Rank by Friedman test
Overprescribing of antibiotics 2.62 1
Antibiotic overuse or misuse 3.13 2
Inappropriate use ?f }.:)I'Oéld- 354 3
spectrum antibiotics
Patient demand on GP 3.92 4
Failure to fm.lsh the course of 441 5
antibiotics
Inappropfla‘te du'ratlon of 5.5 6
antimicrobial
Incorrect dose of antimicrobial 6.00 7
Sharing antlblOthS.Wlth friends 754 8
and family
Poor patlen't hyglene and 7 90 9
sanitation

2.5. Reducing antimicrobial resistance

100% of pharmacists indicated that they understood the meaning of AMR, however one
pharmacist (3%) failed to identify the correct definition of AMR. Most pharmacists (69%) suggested
increasing GP compliance with local guidelines when prescribing antibiotics will reduce AMR, while
62% of pharmacists indicated increasing patient counselling on appropriate antibiotic use and 56%
recommended increasing delayed antibiotic prescriptions (DAPs). One out of thirty-nine (3%)
pharmacists selected “other” in which their suggestion was to implement prescription/GP
consultation charges. Table 3 demonstrates the majority of pharmacists (44%) believed that DAPs
were beneficial, whilst 15% of pharmacists believed that DAPs have the potential to be beneficial,
however changes need to be implemented such as ensuring the pharmacist is aware that the
prescription is delayed. In addition, pharmacists specified patients should be educated on the
growing problem of resistance in which a small delay in antibiotic prescribing will not have a
detrimental effect for the patient but may improve the future for antibiotics. A large percentage of
pharmacists (41%) disagree with antibiotic prescribing as they feel that it provides conflicting views
for the patient. Furthermore, it is felt that patients will keep antibiotics for another time they are
unwell.

Table 3. Pharmacist opinion on delayed antibiotic prescriptions (DAPs).

Opinion Number of Pharmacists % of pharmacists
Useful 17 44
Useful only if changes are made
to the current system
Unhelpful 16 41

6 15

Over half of pharmacists (56.4%) always advised patients to finish the course of antibiotics, while
only 3% never addressed this issue. The majority of pharmacists (74%) sometimes, rarely or never
provided advice to patients on hand washing to prevent the spread of infection. Just 3% of
pharmacists always guided patients on when to take their antibiotic for best effect, however over half
of pharmacists (51%) often counselled patients on this. Only 3% of pharmacists always advised
patients on what to do if side effects were experienced, while the majority of pharmacists (46%) often
advise patients of this. 36% of pharmacists never provided information to patients regarding the
sharing antibiotics, while 21% of pharmacists always stipulated this to patients.

Figure 2 illustrates just over half of pharmacists (56.4%) always advised patients to finish the
course of antibiotics, while only 3% never addressed this issue. The majority of pharmacists (74%)
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sometimes, rarely or never provided advice to patients on hand washing to prevent the spread of
infection. Just 3% of pharmacists always guided patients on when to take their antibiotic for best
effect, however over half of pharmacists (51%) often counselled patients on this. Only 3% of
pharmacists always advised patients on what to do if side effects were experienced, while the
majority of pharmacists (46%) often advise patients of this. 36% of pharmacists never provided
information to patients regarding the sharing antibiotics, while 21% of pharmacists always stipulated

this to patients.
The frequency with which information was provided by pharmacists to
patients when antibiotics were prescribed.
60
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x
o 40
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course of hands before or whatto doif share u Always
antibiotics regularlyto after food side effects antibiotics
prevent the are with friends
spead of experienced and family
infection
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Figure 2. The frequency with which information was provided by pharmacists to patients when
antibiotics were prescribed.

Figure 3 shows the highest percentage of pharmacists (54%) always advised patients with self-
limiting cold and flus that they should resolve within 7-10 days, while no pharmacists never or rarely
informed patients of this. Few pharmacists (10%) always urged patients to get vaccinations while
most often (41%) or sometimes (36%) recommended this. One third always or sometimes encouraged
patients to refrain from taking antibiotics prescribed for someone else and just 10% of pharmacists
never counselled on this. Most pharmacists (31%) always suggested to patients to abstain from taking
old antibiotics, while only 10% never advised patients on this.

The frequency that advice was provided by pharmacists to patients
when antibiotics were requested for colds or flus.

60
2 50
o 40
£ 30
c
220 I mNever
G 10 mRarel
U | B = B y
Do not take old Do not take Encourage Cold and flus Sometimes
antibiotics antibiotics ~ vaccinations are usually self Often
prescribed for e.g. Influenza  limiting and m Always
someone else should resolve
within 7-10
days
Advice

Figure 3. The frequency that advice is provided by pharmacists to patients when they are requesting
antibiotics for colds and flus.
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Only 10% of the pharmacists in the study were Antibiotic Guardians. However, 67% of the
pharmacists had heard of Antimicrobial Stewardship.

2.5. The effect of covid-19

Figure 4 demonstrates the majority of pharmacists (59%) believed COVID-19 had increased the
number of antibiotics prescribed. Only 15% of pharmacists thought antibiotic prescribing had
decreased, while 26% believed there was no change in antibiotic prescribing during the COVID-19
pandemic.

Pharmacists opinion on the impact of COVID-19 on antibiotic
prescribing.

= More antibiotics prescribed
= No change in antibiotics

prescribed

= Less antibiotics prescribed

Figure 4. Pharmacists opinion on the impact of COVID-19 on antibiotic prescribing.

Table 4 shows most pharmacists believed COVID-19 had no effect on patients” perceptions for
receiving antibiotics. Many pharmacists were concerned that patients were able to receive antibiotics
without being appropriately examined by a doctor. It was suggested that patients were relying more
on the pharmacy/pharmacists and avoided contact with the GP unless very unwell.

Table 4. Pharmacist opinion on how COVID-19 impacted patients’ perception on receiving

antibiotics.
Opinion Number of Pharmacists

No effect 14

Patients are blindly prescribed antibiotics without being

examined, which is dangerously altering patients’ expectations 11

on antibiotic use

Patients expect antibiotics 9

Patients rely more on pharmacy 4

Unsure 3

Patients are less likely to contact the GP unless really unwell. 3

Doxycycline was prescribed to elderly patients awaiting a
COVID test
Patients are less likely to demand antibiotics 1

—_

Figure 5 demonstrates prescriptions for nine out of ten antibiotics have decreased during the
peak of the COVID-19 pandemic compared to April 2019. Amoxicillin showed the largest decrease in
antibiotic use in April 2020 (11801) compared to 2019 (26364) while cefalexin had a slight increase in
2020 (5005) compared to 2019 (4999).
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Comparison between the number of common antibiotics prescribed
and dispensed in NI during April 2020 the peak of the COVID-19
pandemic, compared to April 2019.
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Figure 5. Comparison between the number of common antibiotics prescribed and dispensed in NI
during April 2020 the peak of the COVID-19 pandemic, compared to April 2019 [21,22].

Figure 6 illustrates the first wave of the COVID-19 pandemic reached its peak in April 2020. The
most prescriptions for doxycycline were seen in February 2020 (16928) with the lowest observed in
July 2020 (8105). Since March 2020 (12069), doxycycline prescriptions had been decreasing monthly
until May 2020 (8310), where there was a slight increase in June (8409).

A comparison between the number of positive COVID-19 cases and
the number of doxycycline prescriptions
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Figure 6. A comparison between the number of positive COVID-19 cases and the number of
doxycycline prescriptions [22,23].

2.6. Prescribing data

Figure 7 shows amoxicillin was the most commonly prescribed and dispensed antibiotic in both
July 2019 (19932) and 2020 (12344). Ciprofloxacin was the least prescribed antibiotic in 2019 (2088)
and 2020 (1679). The biggest reduction in antibiotic use was seen by amoxicillin while the least
reduction was seen by cefalexin. All antibiotic use has decreased in 2020 compared to 2019.
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A comparison between the number of common antibiotics prescribed
and dispensed in NI during July 2019 and July 2020.
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Figure 7. A comparison between the number of common antibiotics prescribed and dispensed in NI
during July 2019 and July 2020 [21,22].

2.7. Antibiotic use in the EU

Table 4 demonstrates the highest antibacterial consumption was observed in primary care. The
Netherlands had the lowest consumption of antibacterial agents both in primary (8.9 Defined Daily
Dose (DDD)) and secondary care (0.84 DDD). The highest levels were seen in Greece for primary care
(32.4 DDD) and the UK for secondary care (2.47 DDD). The UK consumption of systemic antibacterial
agents in primary care (16.3 DDD) was lower than the EU average (17.1 DDD), however for secondary
care was higher (2.47 DDD) than the EU average (1.64 DDD). Ireland (20.9 DDD and 1.79 DDD) and
Greece (32.4 DDD and 1.66 DDD) were both above the EU average for primary and secondary care
respectively. The UK had the highest consumption of systemic antibacterial agents in secondary care
out of twenty-four countries in the EU and was ranked the twelfth lowest overall in primary care out

of twenty-six EU countries, however Ireland was the fifth highest in primary care and the tenth
highest in secondary care [24].

Table 5. Consumption of systemic antibacterial agents used in primary and secondary care in selected
EU countries during 2018 [24].

Consumption of systemic
antibacterial agents in
secondary care (DDD per 1000

Consumption of systemic
Country antibacterial agents in primary
care (DDD per 1000 inhabitants)

inhabitants)
EU Average 17.2 1.64
UK 16.3 247
Ireland 20.9 1.79
Greece 324 1.66
Netherlands 8.9 0.84

3. Discussion

3.1. Demographics

Research by Ebert et al., 2018 [25] and Manikkath et al., 2020 [26] discovered response rates for
electronic surveys were between 36% and 37%. Electronic questionnaires for this study yielded an
overall response rate of 46% which was above average. The increased response rate may have been
due to the two follow-up emails sent to pharmacists as sixteen new responses were obtained
following the emails.
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Manikkath et al., 2020 [26] found the majority of survey participants were between 26-30 years
old which is similar to this research as most participants were between 24-34 years old. Young
pharmacists may be more inclined to complete student questionnaires as in the last 10 years they
have completed a university research project, thus may understand the difficulty in obtaining survey
responses, therefore can relate to the researcher [27]. Smith et al,, 2019 [28] established older
participants were hard to recruit for studies, whereas younger participants were more intrigued. In
this study, as participant age increases, response decreases. Additionally, older pharmacists may
have been owners or managers in the pharmacy, therefore did not have time to complete the
questionnaire, due to flu vaccination clinics, nursing home dispensing or checking prescriptions.
Younger pharmacists may have been locums, therefore had a reduced workload.

3.2. Misuse of antibiotics

Most pharmacists (67%) felt antibiotics were overprescribed or misused by GP’s in their locality
(Figure 1). Potential reasons for antibiotic misuse or overprescribing is the difficulty for GP’s to
differentiate between bacterial and viral infections [29]. Furthermore, one pharmacist suggested
regular patients presented multiple antibiotic prescriptions each month with no clinical predisposing
factors as to the reason.

This suggestion was supported in research by Palin et al., 2019 [30] which concluded the chance
of receiving an antibiotic was greater if a patient was previously prescribed an antibiotic.

Most pharmacists in North, South, East and West Belfast believed overprescribing or misuse of
antibiotics was a problem in their area, however the opposite is true for Belfast City Centre (Figure
1). A reason for this may be the small population of three-thousand people in Belfast city centre [31].
Macrotrends, 2020 [32] recorded a larger population of six-hundred and thirty-one thousand for
North, South, East and West Belfast, therefore indicating increased demands on GP’s for antibiotics.

Fleming et al., 2011 [33] recommended that community pharmacists should counsel patients on
correct use of prescribed antibiotics, educate patients on the dangers and adverse effects of AMR and
select over the counter (OTC) treatments for patients with self-limiting infections. This agrees with
the most common methods used by pharmacists to prevent antimicrobial misuse in this study.

Antimicrobial guidelines are used to ensure correct and consistent antimicrobial use, while
providing evidence-based treatment [34]. Shockingly, 82% of pharmacists in this study never
addressed prescriber non-compliance with local antimicrobial guidelines. Interestingly, one
participant highlighted contacting clinicians regarding inappropriate antibiotic use or misuse led to
friction between the prescriber and pharmacist, therefore these issues are no longer addressed by this
pharmacist. This may account for the high percentage of pharmacists who failed to address prescriber
non-compliance and dosing errors (59%). Additionally, pharmacists may not have time to address
these issues due to the increased patient demands on pharmacy during COVID-19.

Treatment failure and AMR are probable when subtherapeutic doses of antimicrobials are
prescribed [35]. Conversely, excessive doses of antimicrobials are known to exacerbate adverse effects
and can result in toxicity [35]. A study by Iftikhar ef al., 2019 established that the major contributors
to antimicrobial prescribing errors in children were subtherapeutic doses and increased dosing
frequency [36]. In contrast, since the increase in children’s dose for amoxicillin in 2014, the probability
of children receiving a therapeutic dose has increased considerably to 94% [35]. The majority of
pharmacists failed to address dosing errors for antimicrobials, which could be a major driver for
AMR in Belfast pharmacies. Furthermore, only 5% of pharmacists addressed dosing errors of
antimicrobials as a way to combat antimicrobial misuse.

3.3. Antibiotic Use

Amoxicillin is the most commonly used antibiotic in NI primary care (Table 1). It is a beta-lactam
antibiotic and a penicillin derivative which exhibits broad-spectrum activity [37]. Amoxicillin is first
line therapy for a range of infections including acute otitis media, pericoronitis, dental abscess, lower
respiratory tract infection (LRTI) and helicobacter pylori infection [38]. Doxycycline is a broad
spectrum, second-generation tetracycline which has antimicrobial, anti-inflammatory and antiviral
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properties [39,40]. It is the second most commonly prescribed antibiotic in primary care (Table 1).
Pharmacists correctly identified the two most common antibiotics prescribed in primary care,
however there was a discrepancy in their knowledge for the remaining eight compared to the actual
figures published by the BSO [20]. This may be consequent of changed antimicrobial prescribing
patterns during the COVID-19 pandemic, or perhaps pharmacists were taking into account private
prescriptions which the BSO data does not include. Furthermore, this research only considered
Belfast pharmacies, however prescription data included all of NI.

The most common infections in primary care were respiratory tract infections (RTIs) and UTIs
for which significant numbers were prescribed antibiotics [41,42]. This agrees with findings from this
study. Pouwels et al., 2018 established a substantial number of antibiotics prescribed for RTIs in
primary care England were inappropriate, which was indicative by the percentage of antibiotics
prescribed for self-limiting conditions such as sore throats (59%), rhinosinusitis (88%) and coughs
(41%) [43]. It is suggested a large number of antibiotics prescribed for URTI and chest infections in
the Belfast area were inappropriate, however in order to prove this further research is required. It is
recommended appropriateness of antibiotic use should be investigated in primary care by
undertaking a study focusing on GPs choices for antibiotics and comparing this to the published local
guidelines.

Dolk et al., 2018 demonstrated that the average age range for antibiotic prescriptions was over
65 years old [41]. This study demonstrates a similar trend as pharmacists suggested most
prescriptions were seen in patients between 51-70 years old. Antibiotics for viral infections were more
common among this age group [44]. This may be due to the early initiation of antibiotics in the elderly
due to fear of their condition deteriorating [45].

3.4. What is the problem?

Smieszek et al., 2018 documented inappropriate antibiotic prescribing in all English practices
investigated, with the highest being 52.9% [46]. Overprescribing of antibiotics was suggested as the
main cause of AMR (Table 4). Despite access to antimicrobial guidelines, doctors commonly
prescribed broad-spectrum antimicrobials as opposed to the first line treatment [47]. Antibiotic
overuse or misuse was selected as the second most common cause of AMR (Table 4). This portrays
an urgent need for increased education and support for prescribers, both in Belfast and the wider
community to enhance prescribing decisions and reduce AMR.

NPS was used to measure pharmacist opinion on the AMR problem in NI. The score was -7.69
which indicated pharmacists do not think that AMR is a problem, however this may not reflect true
opinions as Lewis and Mehmet, 2020 suggested the boundaries of the NPS were flawed as passive
participants were shown to have a similar attitude as promoters [48].

3.5. Reducing antimicrobial resistance

Community pharmacists are in an ideal position to assist in reducing levels of AMR by patient
education and minor ailments consultations [49]. To do this, pharmacists must have adequate
knowledge of AMR. All pharmacists assumed they knew the correct definition of AMR and when
asked to select the correct definition, 97% identified the correct answer which was excellent.

Hayhoe et al., 2019 established over half of the UK general public believed antibiotics could be
used to cure viral infections which indicates that public understanding of antibiotic use was
unexceptional [50]. Mason et al., 2018 demonstrated patients counselled by community pharmacists
showed significantly better knowledge on appropriate antibiotic use [49], therefore indicating the
importance of this method. However in this study, just over 61% of pharmacists believed counselling
would reduce AMR. It is demonstrated that community pharmacists lacked insight with regards to
public perception of antibiotic use, therefore enhanced education should be provided to pharmacists
on this area to improve counselling and in turn reduce antibiotic use and AMR.

Research by Aljayyousi et al., 2019 found 27% of patients admitted to taking old antibiotics, while
37% used antibiotics prescribed for someone else, which may be a result of the lack of counselling
provided by community pharmacists (Figures 2 and 3) [51]. Countless patients received antibiotics
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for infections that could have been prevented by handwashing, yet shockingly 46% of pharmacists
never or rarely counselled patients regarding handwashing (Figure 2) [52]. This demonstrates an
urgent need for counselling improvement by community pharmacists to combat AMR. Furthermore,
patients confessed they discontinued antibiotic use when symptoms improved, however most
pharmacists always (56%) or often (39%) instructed patients to finish the course (Figure 2) [49]. More
information should be provided to patients on the reasons and benefits for finishing antibiotic course.
It is recommended that some antibiotics are taken on an empty stomach, for example flucloxacillin,
however research by Gardiner et al., 2018 established taking flucloxacillin with food had no effect on
the efficacy but reduced side effects such as nausea [53]. This suggests flucloxacillin would be
beneficial to be taken with food. Most pharmacists often provided advice to patients regarding
management of side effects (46%) and recommended to take either before, with of after food (51%)
(Figure 2).

Vaccinations help to prevent infections, hence avoiding antimicrobial use and reducing AMR
[54]. The majority of pharmacists often or sometimes encouraged patients to receive vaccines (Figure
6.11). These figures could be significantly increased by pharmacist education on the benefits of
vaccination programmes for patient health. It is crucial pharmacists reassure patients that colds and
flus are self-limiting, provide symptomatic relief and educate patients on the reasons why antibiotics
are inappropriate [55]. It is positive that all pharmacists sometimes (5%), often (41%) or always (54%)
provided advice to patients regarding self-limiting infections (Figure 3).

Based on a study conducted in primary care in England, there were significantly more antibiotics
prescribed than anticipated, based on antimicrobial guidelines [43]. This is indicative of prescriber
non-adherence to guidelines. 69% of pharmacists believed the best way to combat AMR was
increased GP compliance with local antimicrobial guidelines. Reasons for prescriber non-adherence
were lack of clarity and applicability of the guidelines [56]. It is suggested antimicrobial guidelines
should be reviewed to improve clarity for prescribers and additional guidelines provided to assist
prescribers to select the correct treatment plan for patients that do not fall into the ideal patient
category, such as patients with co-morbidities and pregnant women [56].

Clinicians were not comfortable issuing DAPs as they felt mixed messages were provided to
patients regarding antibiotic use [57,58]. In contrast, over half of pharmacists felt increased use of
delayed antibiotic prescribing would contribute to reduced AMR in Belfast. Reduced antibiotic use
has been proven with DAPs, furthermore they provide an opportunity for clinicians to educate
patients on antibiotic use and AMR [58]. Introducing GP/prescription charges was suggested by one
pharmacist as a method to reduce AMR. In Ireland, where charges exist, GP’s felt obligated to provide
antibiotics to paying patients [59]. Ireland showed higher levels of antibiotic use compared to the UK
(Table 5), therefore this method does not seem useful in achieving the aim desired. Conversely, by
implementing prescription charges, the number of patients requesting antibiotics unnecessarily may
reduce, therefore decreasing AMR levels and achieving the desired aim.

Francis et al., 2012 established that 67% of patients who received DAPs commenced the antibiotic
course the day of the consultation [60]. Lowest antibiotic use (14%) was seen when clinicians advised
patients to return if symptoms persisted, however patients were not satisfised. DAPs were a
compromise which decreased antibiotic use to 31% compared to immediate use at 93%, whilst still
achieving patient satisfaction [61]. Pharmacists had mixed opinions on DAPs (Table 3). Many
pharmacists expressed opinion that patients either need an antibiotic or do not, therefore failed see
the benefits of DAPs. Others felt this strategy was useful if counselling was provided by both
clinicians and pharmacists, whilst most felt this was a good strategy which should be implemented
more often. From personal experiences, many DAPs were not collected from the pharmacy, which
anecdotally suggests that DAPs are a useful measure to reduce AMR.

Sadly a large number of pharmacists are not AGs suggesting the objectives of the AG campaign
were not met [62]. Perhaps it would be timely and advantageous to reenergise this campaign.

The intention of AMS in primary care is to reduce antibiotic prescribing through patient
education and adaption of clinicians’ behaviours. For AMS to be successful, HCPs must be committed
to change [63]. Worryingly, only 67% of pharmacists have heard of AMS, however, recently this was
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implemented as part of the core learning in the undergraduate MPharm degrees in NI. Pharmacists
should be integral to AMS programmes in primary care as they are in an ideal position to educate
patients and HCPs [4].

3.6. The effect of COVID-19

There is little research into the effect of COVID-19 on antibiotic prescribing which was
demonstrated by the conflicting views regarding antibiotic prescriptions by Clancy et al., 2020 and
Collignon and Beggs, 2020 [11,12]. Most pharmacists suggested that antibiotic use had increased
during the COVID-19 pandemic (Figure 4), however all antibiotic use decreased in 2020 compared to
the same point in 2019 (Figure 7), with a similar observation noted during the peak of surge one
(Figure 5).

At the beginning of the pandemic GPs were advised to replace face to face consultations with
phone and video consultations [64]. Many pharmacists iterated concern that antibiotics were
prescribed without patient examinations. Brookes-Howell et al., 2012 discovered the most common
method used by clinicians to determine patient need for antibiotics was chest auscultations [65]. This
method is of utmost importance when assessing patients’ need for antibiotics for URTI or chest
infections, the most common indications for antibiotics. Chest auscultations are impossible to do via
digital consultations, therefore there is questionable evidence for appropriate antibiotic use during
COVID-19. Interestingly, one pharmacist suggested that the next pandemic will be resistance caused
without immediate changes however, MacIntyre and Chau, 2017 confirmed AMR may complicate a
pandemic, however could not be the main trigger [66].

When the pandemic started in Wuhan, it was reported that 90% of positive, hospitalised patients
received antibiotics despite no evidence of a bacterial infection [67]. Research is scare regarding
antibiotic use in EU primary care settings during COVID-19, but Abelenda-Alonso et al., 2020
concluded that during January and February 2020, just before the pandemic struck, antibiotic
consumption in a Spanish hospital was relatively consistent with 2019 figures [68]. However, during
the peak of the first surge in April 2020, antibiotic consumption dramatically increased, compared to
April 2019. This study discovered in NI most antibiotics examined in primary care had decreased
during the peak of surge one, with only a minor increase seen in cefalexin (Figure 5). A potential
reason for this is the significant reduction of face-to-face consultations by GPs which have moved to
phone and video consultations [69]. Furthermore, some patients failed to contact the GP as they felt
they were a burden during this crisis [70]. Moreover, from personal experiences more patients sought
advice from community pharmacists for infections due to the difficulty in accessing GP services. Even
when pharmacists advised patients to contact the GP for antibiotics, they were reluctant. Antibiotic
use in Spanish hospitals may have increased as a result of microbiology results being inaccessible,
delay in antibiotic reviews and the fact the majority of critically ill patients receive antibiotics [68].

The main symptoms of COVID-19 include hyperpyrexia, anosmia, hypogeusia and a new
continuous cough [71]. Bonzano et al., 2020 established once daily administration of doxycycline
200mg rapidly improved all symptoms of COVID-19 [72]. Guidelines for the treatment of COVID-19
pneumonia suggest doxycycline should be offered if the patient is at high risk of complications
especially in the elderly or patients with existing co-morbidities [73]. Figure 6 displays no correlation
between COVID-19 numbers and doxycycline prescriptions in NI primary care which is potentially
due to use in hospitalised patients with a severe infection.

3.7. Antibiotic Use in the EU

An overall decrease is seen for EU antibacterial consumption of systemic agents in 2018 (Table
5), compared to findings by Mone , 2018 considering 2017 figures [19]. A reduction can also be seen
in the UK and Ireland figures in both primary and secondary care. Greece had the highest levels of
systemic antibacterial consumption in primary care (Table 5). This may be because systemic
antibiotics such as co-amoxiclav, can be bought from community pharmacies without a prescription.
Secondly, Greek doctors overprescribe antibiotics for self-limiting infections due to patient
expectations or incentives from pharmaceutical companies. Often the wrong antibiotic is selected by
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Greek clinicians, for example for otitis media first line treatment is amoxicillin, however frequently
co-amoxiclav is prescribed [74]. The Netherlands had the lowest level of antibacterial consumption
both in primary and secondary care (Table 5). Potentially this may be due to the fact antibiotics must
be prescribed by physicians, however they proactively avoid overprescribing of antibiotics, therefore
patients’ expectations of antibacterial use are altered. Furthermore, Dutch GPs follow strict
antimicrobial prescribing guidelines produced by the College of General Practitioners (NHG),
additionally GP’s believe self-limiting infections such as otitis media should be treated with
paracetamol as opposed to antibiotics [75]. Ireland had the 5% highest level of antimicrobial
consumption in primary care which was higher than the EU average (Table 5). Factors which could
have contributed to 20.9 DDD were Irish GP’s struggled to interpret antimicrobial guidelines due to
variability in patients’ complaints, meaning diagnoses were often not straightforward. GP’s also felt
obligated to provide paying patients with an antibiotic prescription to meet patients’ expectations of
receiving an antibiotic [59]. The UK was 12th Jowest for consumption of antibacterial agents and was
just under the EU average (Table 5). Although levels of antibacterial consumption in primary care
were decreasing, levels were still high, which may have been a result of inappropriate use of broad-
spectrum antibiotics such as amoxicillin. Nowakowska et al., 2019 discovered that only 62% of
prescriptions for URTI were appropriate [76]. Additionally, clinician’'s poor adherence to
antimicrobial guidelines potentially is contributing to high antibacterial consumption. A possible
reason for the UK having the highest antibacterial consumption in secondary care (Table 5), is the
uncertainty of appropriate antibacterial use due to variation in decisions based on factors such as
clinicians’ experiences, training or the worry of a patient deteriorating [77]. This goes hand in hand
with difficulties in interpreting guidelines based on patients varying conditions [59].

4. Materials and Methods
4.1. Questionnaire

4.1.1. Development

An electronic survey was developed on Microsoft forms. Pharmacies where phoned to obtain
their e-mail address, then the surveys were distributed via e-mail. This method was chosen given it
required no face-to-face contact it was the safest way to distribute questionnaires during the COVID-
19 pandemic. Electronic surveys are advantageous as they are inexpensive, anonymous and have the
ability to achieve an 100% completion rate for questions within the survey. According to Hardigan et
al., 2016 this method is proven to have the quickest response time compared to postal mail [78].

It is recommended questionnaires should not take respondents longer than 15 minutes to
complete, as long questionnaires detrimentally effect response rate [79]. Therefore, the aim of
questionnaire development was to make a short questionnaire, whilst asking appropriate questions
in order to obtain as much relevant information as possible.

Twenty-three questions were developed strategically using the project aims and literature
pertaining to questionnaire design [79-84]. Demographics were required to establish if
antimicrobial use and AMR differs based on locality in Belfast. Research by Blair et al., 2014
demonstrated that commonly background information such as demographics are required in
questionnaires to potentially explain differences in findings [79].

4.1.2. Piloting

According to Hassan et al., 2006, piloting questionnaires is considered an invaluable part of
research [85]. The Chief Investigator piloted the questionnaire with three pharmacists that were not
directly involved in the study. During piloting, the contributors were sent a link to the questionnaire
via email and asked to complete. This pilot aimed to identify questions that were misunderstood or
led the contributor to become confused, to enable questions to be rephrased; it also provided a guide
for completion time [86]. Contributors were asked to comment on their understanding of the
questionnaire and suggest any changes that would improve questionnaire design. Piloting
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established that the average completion time for the survey was 5 minutes 16 seconds which was
ideal. No further issues were identified by the contributors and responses were easily accessed by the
investigator on Microsoft forms.

4.1.3. Target Population

The target population for questionnaire distribution were community pharmacists working in
the Belfast area. According to the Business Services Organisation, there are one hundred and thirty
registered pharmacies in the Belfast area [87]. Ninety community pharmacies were randomly selected
from yell.com for questionnaire distribution. On yell.com “pharmacy” was entered as the search term
and the location entered was the first part of each Belfast area postcode. All ten pharmacies in Belfast
City Centre were selected from the postcode areas BT1 and BT2. It was decided that twenty
questionnaires would be sent to the other Belfast localities. In North Belfast the postcode regions used
were BT15 and BT14, in South Belfast BT6, BT7 and BT8 were used, in East Belfast the postcode
regions used were BT4, BT5 and BT16 and in West Belfast BT10, BT11, BT12, BT13 and BT17 were
used. The number of pharmacies in each locality were counted and allocated a number. The number
of pharmacies was entered into a random number generator and the number selected was not
included in questionnaire distribution. This was repeated until twenty pharmacies remained in each
locality.

4.1.4. Ethical approval

The School of Biomedical Sciences Ethics Filter Committee granted ethical approval for this
research.

4.1.5. Distribution

Following questionnaire development and ethical approval permission, the ninety selected
pharmacies were contacted by phone. The nature of the project was explained, and the pharmacists
were asked to participate by completing a short electronic survey. If they agreed to participate, they
were asked for an email address so that the questionnaire link could be sent.

When contacted, thirteen pharmacies did not wish to participate, therefore the selection process
was carried out a second time to replace non-participants. Unfortunately, Belfast City Centre and
South Belfast pharmacies had all been contacted previously, therefore the numbers could not be
redeemed. The result of this was Belfast City Centre pharmacies received nine questionnaires, South
Belfast pharmacies received sixteen questionnaires and North, East and West Belfast pharmacies
received twenty questionnaires. The total number of distributed questionnaires was eighty-five.

Two follow up reminder emails were sent to the pharmacists who had agreed to participate in
the questionnaire.

4.1.6. Analysis

Data was entered onto Microsoft Office Excel® enabling pie charts, tables and graphs to be
constructed based on the results. Relevant data was transferred to IBM® SPSS® Statistics 25 were
descriptive statistics were generated from statistical tests such as Friedman'’s test and Fisher’s Exact
test. The Friedman's test was used to analyse related samples of pharmacist opinion for the rank
order of the most commonly prescribed antibiotics in primary care in addition to pharmacist opinion
on the main cause of AMR, which enabled calculation of the mean rank [88]. The Fisher’s exact test
was used to determine if there was a significant difference between locality in Belfast and pharmacist
opinion on antibiotic overuse or misuse. Secondly, the Fisher’s exact test was used to establish if there
was a significant difference between the area of Belfast and the number of times per week pharmacists
addressed prescriber non-compliance with local antimicrobial guidelines. In addition, this test was
used to determine if there was a statistical difference between the area and the average number of
times per week pharmacists contacted prescribers with regards to dosing errors. Finally, the Fishers
exact test was used to ascertain if there was a statistical difference between locality and pharmacist
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opinion on the most commonly used indication for antibiotics. This method was selected as sample
sizes were small and 80%, 70%, 70% and 97% of the data respectively had an expected count of less
than five, therefore approximation methods were insufficient [89]. No significant difference was
observed if the p-value was greater than 0.05 [90]. Pharmacist opinion on how big the problem of
AMR is in NI was analysed by counting the number of promoters (9-10), passives (7-8) and detractors
(0-6) and percentage was calculated for each. Net promoter score (NPS) was then calculated by
subtracting the percentage of detractors from the percentage of promoters [91].

4.2. Antimicrobial Use in NI

4.2.1. Data Collection

The BSO publishes monthly statistics on all National Health Service (NHS) prescriptions
submitted for payment from community pharmacy, following the dispensing of the medication
which was prescribed by GPs or non-medical prescribers within GP practices. These statistics only
include prescriptions that have been dispensed from an NHS prescription, therefore it does not take
into consideration private prescriptions [22]. For the purpose of this study yearly and monthly
prescription statistics were gathered from the BSO [20-22]. In addition, the number of COVID-19
positive cases for each month were gathered from Gov.uk, 2020 where daily statistics were available
from 5t March 2020 [23].

4.2.2. Sample Size

Firstly, data on ten commonly prescribed antibiotics amoxicillin, phenoxymethylpenicillin,
flucloxacillin, co-amoxiclav, ciprofloxacin, cefalexin, doxycycline, trimethoprim, erythromycin and
clarithromycin were collected for the year 2019. This enabled a rank order to be produced so
comparison could be made against pharmacists” opinion on the most commonly used antibiotics in
primary care. Then, data for the same ten antibiotics was gathered for July 2019 and July 2020 to
provide a comparison to establish if antibiotic use has changed this year compared to the same time
period last year. July was selected as it was the most up to date figures available from the BSO. Data
was also gathered for the same ten antibiotics during April 2019 and April 2020 to compare how
antibiotic use had changed during the peak of the COVID-19 pandemic. Doxycycline prescription
data and positive COVID-19 statistics were gathered for the months: January, February, March, April,
May, June and July. Doxycycline and COVID-19 statistics were compared as one pharmacist
suggested a rise in doxycycline prescriptions for elderly patients awaiting COVID-19 test results.

4.2.3. Data Analysis

GP prescribing data for the ten antibiotics during 2019 and the chosen months April and July
2019 and April and July 2020, was extracted from the BSO, the available forms and strengths for each
preparation were added together and were entered into Microsoft Office Excel® separately. This
enabled tables and graphs to be produced to show usage during this time. The extracted data for
doxycycline prescriptions and positive COVID-19 cases were transcribed onto Microsoft Office
Excel® where a graph was produced to allow visual determination to ascertain if there was a
correlation between the two sets of data.

4.3. Antimicrobial Use in the EU

4.3.1. Data Collection

Surveillance data from ECDC, 2020 was collated to enable a comparison of antimicrobial
consumption between the UK and other EU countries in primary and secondary care [24]. Previous
studies conducted in the EU on antibacterial consumption were located using USearch.

doi:10.20944/preprints202312.0240.v1
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4.3.2. Sample Size

Four countries were selected: The UK, Ireland, Greece and the Netherlands. Ireland was selected
for comparison with the UK as it borders NI, therefore is closely related to this study. The
Netherlands was selected to represent countries with low levels of antibacterial consumption and
Greece was chosen to represent countries with high levels of antibacterial consumption.

4.3.3. Data Analysis

The EU average was calculated for both primary and secondary care by adding all the values
together and dividing by the number of countries that submitted data. Data from the EU was entered
onto Microsoft Office Excel® were a table was produced to visually display the data. Previous studies
were used to explain the statistical data found from ECDC, 2020 [24].

5. Conclusions

This research established no variation in antibiotic prescribing patterns with regards to locality
in Belfast primary care. Amoxicillin was the most commonly prescribed antibiotic, which is
contributing to increasing AMR due to its broad-spectrum activity. Furthermore, COVID-19 has
reduced antimicrobial use in NI, which has clarified previous contradictory literature. Pharmacists
believed the most prevalent cause of AMR was overprescribing of antibiotics by GPs and suggested
that the best way to reduce AMR was to improve GP compliance with local antimicrobial guidelines.
It was established that the majority of pharmacists failed to provide appropriate advice to patients
when antibiotics were prescribed and when patients requested antibiotics from the pharmacist for
self-limiting infections, despite the ideal position they are in to aid the reduction of AMR through
patient education. This study has established that the first wave of COVID-19 contributed to
decreased antibiotic use in NI, however it is unclear whether antibiotics prescribed in primary care
were appropriate during this time as GP’s were unable to conduct face-to-face clinical examinations.
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