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s u m m a r y 

Background: Concern regarding bacterial co-infection complicating SARS-CoV-2 has created a challenge 

for antimicrobial stewardship. Following introduction of national antibiotic recommendations for sus- 

pected bacterial respiratory tract infection complicating COVID-19, a point prevalence survey of prescrib- 

ing was conducted across acute hospitals in Scotland. 

Methods: Patients in designated COVID-19 units were included and demographic, clinical and antimi- 

crobial data were collected from 15 hospitals on a single day between 20th and 30th April 2020. Com- 

parisons were made between SARS-CoV-2 positive and negative patients and patients on non-critical care 

and critical care units. Factors associated with antibiotic prescribing in SARS-CoV-2 positive patients were 

examined using Univariable and multivariable regression analyses. 

Findings: There were 820 patients were included, 64.8% were SARS-CoV-2 positive and 14.9% were man- 

aged in critical care, and 22.1% of SARS-CoV-2 infections were considered probable or definite nosocomial 

infections. On the survey day, antibiotic prevalence was 45.0% and 73.9% were prescribed for suspected 

respiratory tract infection. Amoxicillin, doxycycline and co-amoxiclav accounted for over half of all an- 

tibiotics in non-critical care wards and meropenem, piperacillin-tazobactam and co-amoxiclav accounted 

for approximately half prescribed in critical care. Of all SARS-CoV-2 patients, 38.3% were prescribed an- 

tibiotics. In a multivariable logistic regression analysis, COPD/chronic lung disease and CRP ≥ 100 mg/l 

were associated with higher odds and probable or confirmed nosocomial COVID-19, diabetes and man- 

agement on an elderly care ward had lower odds of an antibiotic prescription. Systemic antifungals were 

prescribed in 9.8% of critical care patients and commenced a median of 18 days after critical care admis- 

sion. 

Interpretation: A relatively low prevalence of antibiotic prescribing in SARS-CoV-2 hospitalised patients 

and low proportion of broad spectrum antibiotics in non-critical care settings was observed potentially 

reflecting national antimicrobial stewardship initiatives. Broad spectrum antibiotic and antifungal pre- 

scribing in critical care units was observed indicating the importance of infection prevention and control 

and stewardship initiatives in this setting. 

Funding: The Scottish Antibiotic Prescribing Group is funded by Scottish Government. 
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Research in context 

Evidence before this study 

There is concern that the COVID-19 pandemic will lead 

to unnecessary antibiotic use which will further drive an- 
timicrobial resistance. Published evidence indicates high rates 
of antibiotic prescribing in relation to SARS-CoV-2 infection 

without supporting evidence of bacterial co-infection. As lim- 
iting unnecessary antibiotic use in viral infections is a key 
focus for antimicrobial stewardship initiatives, the Scottish 

Antimicrobial Prescribing Group developed recommendations 
for prudent use of antibiotics in hospital in the context of 
suspected SARS-CoV-2 in March 2020. A national point preva- 
lence antimicrobial survey was then performed across desig- 
nated COVID-19 units in acute hospitals to assess antimicro- 
bial prescribing. 

Added value of this study 

This is the first national survey of antibiotic prescribing in 

suspected COVID-19 and captured approximately two fifths 
of hospitalised patients in Scotland with SARS-CoV-2 at the 
peak of the epidemic. The study demonstrated a relatively 
low proportions of patients prescribed antibiotics with SARS- 
CoV-2 (38.3%) than expected and showed that narrow spec- 
trum antibiotics were predominantly used in medical and el- 
derly care wards reflecting national recommendations. Pre- 
scribing of broad spectrum antibiotics and antifungals in crit- 
ical care was indicative of suspected nosocomial bacterial and 

invasive candida infection. Probable or confirmed nosocomial 
COVID-19, presence of diabetes and management on an el- 
derly care ward were independently associated with lower 
odds of an antibiotic prescription suggesting differences in 

clinical presentation and potentially management strategies. 
The significance of these findings is further discussed. A rel- 
atively low incidence of antibiotic prescribing in hospitalised 

patients with SARS-CoV-2 and low proportion of broad spec- 
trum antibiotics in non-critical care settings may reflect a 
mature national stewardship programme in Scotland and a 
coordinated national response to COVID-19. This experience 
may support others in stewardship initiatives as the pan- 
demic continues. Broad spectrum antibiotic and antifungal 
prescribing in the challenging environment of critical care 
highlights the importance of infection prevention and control 
and stewardship initiatives in that setting. 

ntroduction 

The nature and rationale for antibiotic prescribing in patients 

ith suspected COVID-19 is not well characterised. Unnecessary 

ntibiotic prescribing is of concern for the individual in view of 

he risk of antibiotic-related adverse events 1 and to the wider pub- 

ic health due to the impact on antimicrobial resistance. 2 Limiting 

rescribing when viral respiratory tract infection (RTI) is suspected 

s an important target for antimicrobial stewardship interventions 3 

nd particularly in the context of SARS-CoV-2 infection. 4 

When first reported in Wuhan in December 2019, more than 

0% of hospitalised patients with COVID-19 received antibiotics 

ith little supporting evidence of associated bacterial infection. 5 

he International Severe Acute Respiratory Infection Consortium 

ISARIC) study subsequently reported prescribing in 72% of those 

ospitalised. 6 The World Health Organisation recommends prompt 
∗ Corresponding author at: Infection unit, Queen Elizabeth University Hospital, 

345 Govan Road, Glasgow G51 4TF, UK. 

E-mail address: andrew.seaton@ggc.scot.nhs.uk (R.A. Seaton). 

Social media: (R.A. Seaton) 

c

t

a

n

o

953 
ntibiotic therapy (as per local guidance) against likely pathogens 

ausing severe acute respiratory infection or sepsis for those hos- 

italised with suspected COVID-19. 7 A recent meta-analysis of 

ublished reports has estimated community-acquired bacterial co- 

nfection in COVID-19 to be low at approx. 3.5% 

8 however pro- 

onged ventilatory and multi-organ support in a proportion of hos- 

italised patients with severe COVID-19 raises concern for nosoco- 

ial bacterial and fungal infection risk. 9 

With clinical overlap between COVID-19 and bacterial lower 

TIs and with emerging global COVID-19-related prescribing; 

OVID-19 Antimicrobial Stewardship advice was issued by the 

cottish Antimicrobial Prescribing Group (SAPG) cautioning against 

outine antibiotic use in suspected COVID-19, and promoting the 

udicious use of short duration (5 day), narrow spectrum antibi- 

tics when there is clinical suspicion of pneumonia or purulent 

ronchitis. 10 In order to better understand reasons for, and dy- 

amics of, antibiotic prescribing and identify opportunities for im- 

roved prescribing an antimicrobial point prevalence survey (PPS) 

as conducted to coincide with high clinical activity in Scottish 

ospitals. 

Here, results from a PPS of antibiotic and antifungal prescribing 

n patients with suspected and proven COVID-19 infection in acute 

ospitals are summarised. 

ethods 

tudy design and inclusion criteria 

A Point Prevalence Survey (PPS) of hospitalised adults with sus- 

ected or confirmed COVID-19 was designed and conducted in 

linical areas where patients with COVID-19 were hospitalised in 

HS Scotland. All NHS boards were invited to collect data in at 

east one acute hospital, in a minimum of one designated adult 

ard where COVID-19 patients were managed (general medicine 

r elderly care), and ideally including all designated COVID-19 

ards and critical care units. Non-COVID-19 designated wards, 

ommunity and psychiatric hospitals were excluded. Clinical ar- 

as were surveyed on one occasion on a single day between 20th 

nd 30th April 2020. Patients were initially screened for inclusion 

ased on availability of SARS-CoV-2 RT-PCR (reverse transcriptase 

olymerase chain reaction) test results. 

ata collection 

Data were collected from written and electronic medical notes 

nd prescription charts. A data collection tool based on one cur- 

ently used in Glasgow hospitals, 11 the global PPS tool 12 and be- 

poke PPS 13 , 14 was used. Data collection was carried out by med- 

cal staff, antimicrobial and ward pharmacists and antimicrobial 

urses. Where necessary, staff were trained by local clinicians ex- 

erienced in PPS. 

ata definitions 

Clinical records were reviewed for SARS-CoV-2 test status. Prob- 

ble nosocomial COVID-19 and definite nosocomial COVID-19 were 

efined as a compatible clinical illness with a new positive test 

 to 14 days and more the 14 days following admission, respec- 

ively. 15 

Antibiotic prescribing in the two weeks prior to admission and 

n the day of admission was recorded as detailed in the medi- 

al records. Detailed information on antibiotics and systemic an- 

ifungals prescribed on the survey day including start date, route 

nd indication as per anatomical source (e.g. respiratory tract, uri- 

ary tract etc.) of the suspected infection was recorded. 12 Microbi- 

logical investigations were not recorded however prescribing was 

mailto:andrew.seaton@ggc.scot.nhs.uk
https://twitter.com/raseaton66
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ecorded as empirical (prior to microbiological confirmation) or di- 

ected (following microbiological confirmation). 

Potential factors influencing antibiotic prescribing were col- 

ected including: demographics, care home residency and co- 

orbidities ( Table 1 ). Immunocompromised was defined by im- 

unosuppressant therapy including regular corticosteroids, organ 

r bone marrow transplant, HIV infection, renal replacement ther- 

py, asplenia or recently completed therapy for malignancy. 

Descriptive clinical data included presence and nature of spu- 

um production (grouped as ‘purulent/bloody’ if recorded as green, 

rown or bloody sputum), CRP (C-reactive protein value) and chest 

-ray responses were grouped as normal or abnormal (included 

OVID-19 compatible, indeterminant, pneumonia or other abnor- 

al). 

Other clinical management data included use of oxygen, res- 

iratory support and use of investigational therapeutic agents as 

art of a clinical trial. Presence of treatment escalation plans 

nd ‘do not attempt cardiopulmonary resuscitation’ documentation 

DNACPR) was recorded where available. 

ata management 

Following completion of data collection, anonymised data were 

ent to the core survey team for curation, validation and analysis. 

escriptive analysis 

Analyses included patients with a SARS-CoV-2 RT-PCR test re- 

ult. Prevalence estimates with 95% confidence intervals (95% CI) 

ere calculated and frequency tables of survey population and pre- 

cribing characteristics were produced. Patients with missing data 

ere excluded from denominators. Data were examined for the 

hole patient population and comparisons were made between 

ARS-CoV-2 RT-PCR positive and negative patients, and those on 

edical or elderly care wards were compared to those on high 

ependency and intensive care units (combined as ‘critical care’). 

earson’s Chi square tests with a continuity correction or Fisher’s 

xact tests were used to compare percentages between two groups 

nd determine if significantly different. A Mann–Whitney U test 

ompared median ages between groups. Median durations were 

resented with range (minimum to maximum) and inter-quartile 

anges (IQR). Statistical significance was set at p < 0.05. All analyses 

ere carried out using R (version 3.5.1). 

The average daily number of hospitalised patients in NHS Scot- 

and with confirmed COVID-19 infection (positive SARS-CoV-2 RT- 

CR test) during the study period was used to estimate the propor- 

ion of hospitalised COVID-19 patients in Scotland included in this 

urvey. 15 

tatistical analysis 

Univariable and multivariable regression analyses were con- 

ucted to identify factors associated with prescribing of at least 

ne antibiotic on the survey day in patients with confirmed COVID- 

9 infection. A survey weighted binomial model was used (which 

ccounted for clustering of beds within wards) and analyses were 

onducted in R version 3.5.1 (R package ‘survey’). 

Univariable factors were screened and those with p-values be- 

ow 0.3 were included in a backward elimination and forward step- 

ise approach to select the most parsimonious multivariate model. 

tatistical significance was set at p < 0.05. A category-level p-value 

using the Wald test), odds ratios (OR) and 95% CI were calculated 

or each factor in the final model. 
954 
thical approval 

Local governance processes for audit/survey of clinical prac- 

ice were followed. No patient identifiers were collected and there 

ere no interventions or patient contact during the survey. 

esults 

urvey characteristics 

Eight of the 15 Scottish NHS boards participated with data col- 

ected from 15 of the 22 acute hospitals (ranging from 400 to 1400 

npatient beds). Of these hospitals, 112 (84.8%) of all 132 desig- 

ated COVID-19 wards and critical care units were surveyed. In to- 

al, 1061 patients were screened and 820 patients tested for SARS- 

oV-2 were included. Of the 820, 6 6 6 (81.4%) were suspected of 

aving COVID-19 on admission, and 531 (64.8%) tested positive for 

ARS-CoV-2 up to and including the day of the survey ( Table 1 ).

here was a daily average of 1403 (range 1324 to 1520) SARS-CoV- 

 positive patients in all hospitals nationally during the survey pe- 

iod suggesting that the SARS-CoV-2 positive population studied 

ere represented approximately two fifths of the total inpatient 

ARS-CoV-2 positive population at this time. 

haracteristics of survey population ( n = 820) 

Over half (51.8%) were male and median age was 71 years 

range 17 to 104, IQR 59 to 81). The majority (65.9%) were man- 

ged on medical wards, 19.3% on elderly care wards and 14.9% in 

ritical care. There were 11.1% mechanically ventilated, 2.1% were 

eceiving non-invasive ventilation, 0.6% high flow nasal oxygen and 

0.8% supplementary oxygen. Six hundred and eighty five patients 

83.5%) had a treatment escalation plan recorded, 44.2% of whom 

ere for critical care referral or discussion at an escalation mul- 

idisciplinary team (MDT) meeting if required. More than half of 

urveyed patients (54.4%) had a DNACPR instruction recorded and 

3.1% patients were enrolled in a clinical therapeutic trial. 

When compared to SARS-CoV-2 negative patients, SARS-CoV- 

 positive patients were older (median age 72 versus 69 years, 

 = 0.005), more likely admitted from a care home (11.9% versus 

.2%, p < 0.001), had a DNACPR order recorded (57.7% versus 48.3%, 

 = 0.01), and less likely to have COPD/chronic respiratory disease 

excluding asthma) (13.6% versus 26.5%, p < 0.001) or another sus- 

ected infection (37.5% versus 58.5%, p < 0.001). SARS-CoV-2 posi- 

ive patients were also more likely to have an abnormal chest X- 

ay (77.3% versus 59.9%, p < 0.001) and to have a CRP ≥ 100 mg/l 

45.1% versus 30.7%, p < 0.001) ( Table 1 ). 

Of those who tested SARS-CoV-2 positive and for whom the ad- 

ission and test dates were recorded; 9.5% were diagnosed prior 

o admission, 59.8% within 3 days of admission, 8.6% between 3 

nd 7 days post-admission, 6.7% between 8 and 14 days and 15.4% 

ore than 14 days post-admission. Therefore, approximately one 

fth (22.1%) of COVID-19 infections in this population were consid- 

red to have a COVID-19 infection of probable or definite hospital- 

nset. 

ntibiotic prescribing prior to and on admission 

Prevalence of antibiotic prescribing in the two weeks prior to 

dmission was 29.2% (95%CI: 26.1 to 32.5) and 62.4% (95%CI: 58.9 

o 65.7) on the day of admission. Of all patients receiving an 

ntibiotic on the day of admission and for whom a route was 

ecorded; 59.9% received intravenous (IV) therapy (with or with- 

ut oral antibiotic therapy) and the majority (92.5%) was empir- 

cal ( Table 2 ). The most common prescribing indication was RTI 
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Table 1 

Characteristics of the survey population. 

All surveyed patients ( n = 820) SARS-CoV-2 positive ( n = 531) SARS-CoV-2 negative ( n = 289) 

Comparison between 

SARS-CoV-2 positive and 

negative patient groups 

Characteristics 

group Patient characteristics 

Total surveyed 

patients 

Total surveyed 

patients with 

characteristic Percentage 

Total surveyed 

patients 

Total surveyed 

patients with 

characteristic Percentage 

Total 

surveyed 

patients 

Total surveyed 

patients with 

characteristic Percentage 

COVID status SARSCoV2 positive test 820 531 64.8 

Probable or definite 

nosocomial COVID-19 

820 116 14.1 531 116 21.8 

COVID-19 suspected on 

admission 

818 666 81.4 529 440 83.2 289 226 78.2 < 0.001 

Demographics Age Median (Range) 71 years (range 17 to 104, inter-quartile range 

(IQR) 59 to 81) 

72 years (range 25 to 104 inter-quartile range 

(IQR) 61 to 82) 

69 years (range 17 to 96 inter-quartile 

range (IQR) 54 to 81) 

0.005 

Sex (%m) 820 425 51.8 531 274 51.6 289 151 52.2 0.92 

Location Care home resident 820 75 9.1 531 63 11.9 289 12 4.2 < 0.001 

Ward type - Critical care 820 122 14.9 531 110 20.7 289 12 4.2 < 0.001 

Ward type - Elderly 820 158 19.3 531 136 25.6 289 22 7.6 

Ward type - Medical 820 540 65.9 531 285 53.7 289 255 88.2 

Comorbidities Asthma 820 82 10.0 531 47 8.9 289 35 12.1 0.2 

Cardiovascular disease 819 269 32.8 530 174 32.8 289 95 32.9 1.0 

COPD/Chronic Lung 

disease 

817 148 18.1 530 72 13.6 287 76 26.5 < 0.001 

Diabetes 820 193 23.5 531 133 25.0 289 60 20.8 0.2 

Hypertension 818 329 40.2 529 218 41.2 289 111 38.4 0.5 

Immunocompromised 816 107 13.1 528 57 10.8 288 50 17.4 0.8 

Long term renal dialysis 820 18 2.2 531 13 2.4 289 5 1.7 0.7 

Morbid obesity 804 61 7.6 522 36 6.9 282 25 8.9 0.4 

Other chronic condition 818 509 62.2 529 321 60.7 289 188 65.1 0.3 

Other Other suspected infection 817 367 44.9 528 198 37.5 289 169 58.5 < 0.001 

Penicillin Allergy 820 121 14.8 531 79 14.9 289 42 14.5 0.9 

Diagnostics / 

clinical signs 

Abnormal chest x-ray 807 574 71.1 520 402 77.3 287 172 59.9 < 0.001 

CRP ≥100 mg/l 810 324 40.0 523 236 45.1 287 88 30.7 < 0.001 

Purulent / bloody sputum 820 77 9.4 531 47 8.9 289 30 10.4 0.6 

Management Clinical therapeutic trial 818 107 13.1 529 100 18.9 289 7 2.4 < 0.001 

Supplemental oxygen 819 334 40.8 530 242 45.7 289 92 31.8 < 0.001 

Treatment escalation ∗

DNACPR recorded 

685 

816 

303 

444 

44.2 

54.4 

473 

530 

207 

306 

43.8 

57.7 

212 

286 

96 

138 

45.3 

48.3 

< 0.001 

0.01 

Notes: COPD- Chronic obstructive pulmonary disease and other chronic lung disease; DNACPR – do not attempt cardiopulmonary resuscitation order; CRP – C-reactive protein. 
∗ Treatment escalation – recorded treatment plan including planned multi-disciplinary team discussion. 

9
5
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Table 2 

Antibiotic and antifungal prescribing on day of admission and day of survey, by ward type and by SARS-CoV-2 result. 

All surveyed patients ( n = 820) Medical and elderly wards Critical care wards 

All surveyed patients 

( n = 698) 

SARSCoV-2 positive 

( n = 421) 

SARSCoV-2 negative 

( n = 277) 

All surveyed patients 

( n = 122) 

SARSCoV-2 positive 

( n = 110) 

SARSCoV-2 

negative ( n = 12) 

Total 

sur- 

veyed 

patients 

Total 

surveyed 

patients 

with 

character- 

istic % 

Total 

sur- 

veyed 

patients 

Total 

surveyed 

patients 

with 

character- 

istic % 

Total 

sur- 

veyed 

patients 

Total 

surveyed 

patients 

with 

character- 

istic % 

Total 

sur- 

veyed 

patients 

Total 

surveyed 

patients 

with 

character- 

istic % 

Total 

sur- 

veyed 

patients 

Total 

surveyed 

patients 

with 

character- 

istic % 

Total 

sur- 

veyed 

patients 

Total 

surveyed 

patients 

with 

character- 

istic % 

Total 

sur- 

veyed 

patients 

Total 

surveyed 

patients 

with 

character- 

istic % 

Antibiotic(s) on 

admission 

789 492 62.4 672 409 60.9 402 257 63.9 270 152 56.3 122 83 68.0 105 79 75.2 12 4 33.3 

Empirical 

antibiotic(s) on 

admission 

403 389 96.5 327 315 96.3 230 219 95.2 97 96 99.0 76 74 97.4 73 71 97.3 3 3 100.0 

IV antibiotic(s) on 

admission 

461 276 59.9 384 212 55.2 243 126 51.9 141 86 61.0 77 64 83.1 73 60 82.2 4 4 100.0 

Antibiotic(s) on 

day of survey 

818 368 45.0 697 314 45.1 421 153 36.3 276 161 58.3 121 54 44.6 109 50 45.9 12 4 33.3 

Empirical 

antibiotic(s) on 

day of survey 

367 320 87.2 313 281 89.8 153 133 86.9 160 148 92.5 54 39 72.2 50 35 70.0 4 4 100.0 

IV antibiotic(s) on 

day of survey 

364 178 48.9 312 129 41.3 152 60 39.5 160 69 43.1 52 49 94.2 48 45 93.8 4 4 100.0 

Systemic 

antifungal on day 

of survey 

818 13 1.6 672 1 0.1 402 1 0.2 270 0 0.0 122 12 9.8 105 12 11.4 12 0 0.0 

Empirical 

systemic 

antifungal on day 

of survey 

13 5 38.5 1 0 0.0 1 0 0.0 0 0 – 12 5 41.7 12 5 41.7 0 0 –

9
5

6
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Table 3 

Total number and percentage of antibiotics prescribed for all indications, by ward type and by SARS-CoV-2 result. 

Antibiotics 

Prescribed on day 

of survey ∗

Total number 

of antibiotics 

Percentage of 

total antibiotics 

prescribed (%) 

Medical and elderly Wards Critical care 

SARSCoV-2 positive SARSCoV-2 negative SARSCoV-2 positive SARSCoV-2 negative 

Amoxicillin 107 21.9 37 65 5 0 

Azithromycin 5 1.0 1 2 2 0 

Aztreonam 6 1.2 0 3 3 0 

Ceftriaxone 1 0.2 1 0 0 0 

Ciprofloxacin 13 2.7 5 6 2 0 

Clarithromycin 19 3.9 5 10 3 1 

Co-amoxiclav 62 12.7 25 27 9 1 

Co-trimoxazole 12 2.5 7 5 0 0 

Doxycycline 81 16.6 45 35 1 0 

Flucloxacillin 16 3.3 4 9 3 0 

Gentamicin 23 4.7 10 13 0 0 

Levofloxacin 9 1.8 6 2 1 0 

Meropenem 19 3.9 5 1 12 1 

Metronidazole 25 5.1 6 18 0 1 

Other 18 3.7 6 8 2 2 

Piperacillin- 

tazobactam 

33 6.7 11 10 11 1 

Temocillin 12 2.5 4 6 2 0 

Trimethoprim 8 1.6 6 2 0 0 

Vancomycin 20 4.1 11 3 6 0 

Total 489 100.0 195 225 62 7 

∗ Patients may have received more than one antibiotic. The name of one antimicrobial was not recorded for one patient (COVID-19 positive and in critical care) receiving 

an antibiotic on the day of the survey for a respiratory indication. 
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59.8%) followed by urinary tract infection (8.7%), skin and soft tis- 

ue (3.7%), systemic (3.0%), gastrointestinal (1.6%), and other sites 

2.4%) with no indication was recorded for 102 patients receiving 

n antibiotic on admission (20.7%). 

ntibiotic prescribing on the survey day 

Prevalence of antibiotic prescribing on the survey day was 

5.0% (95%CI: 41.6 to 48.4) and a total of 490 antibiotics were 

rescribed to 368 patients ( Table 3 ). Antibiotics were most fre- 

uently prescribed for suspected RTI (73.9%) followed by urinary 

ract infection (10.1%), skin and soft tissue infection (4.1%), sys- 

emic infection (3.5%), gastrointestinal (2.7%) and infections of 

ther/unspecified sites (5.2%). 

The three most frequently prescribed antibiotics were amoxi- 

illin (107, 21.9%), doxycycline (16.6%) and co-amoxiclav (12.7%) ac- 

ounting for over half of all antibiotics on the survey day. In critical 

are, meropenem, piperacillin-tazobactam and co-amoxiclav were 

ost frequently prescribed accounting for 18.8%, 17.4% and 14.5%, 

espectively and approximately half of all antibiotics prescribed in 

ritical care. 

Of all patients receiving antibiotics on the survey day, 48.9% 

ere receiving therapy via IV route (41.3% receiving antibiotics on 

edical and elderly wards, 94.2% in critical care) and prescribing 

as empirical in 87.2% (89.8% on medical and elderly wards, and 

2.2% on critical care wards). 

Median time from admission to prescribing was 2 days (range 

 to 344, IQR 1 to 10). This was 2 days (range 1 to 344, IQR 1

o 7) on medical and elderly wards and 14 days (range 1 to 28, 

QR 1.75 to 18.25 in critical care). More than half of all antibiotics 

hat patients were still receiving on the survey day (52.7%) were 

rescribed on the day of admission or day two (56.4% for patients 

n medical and elderly wards and 38.9% in critical care). 

ntibiotic prescribing in SARS-CoV-2 positive patients 

Antibiotics were prescribed in 203 patients who were con- 

rmed SARS-CoV-2 positive (prevalence: 38.3%, 95% CI: 34.3 to 

2.5), approximately one quarter of whom were in critical care 

 n = 50, 24.6%). In confirmed SARS-COV-2 positive critical care pa- 
957 
ients, 45.9% were receiving antibiotics compared with 36.3% of 

hose on medical and elderly wards ( Table 2 ). 

Clinical variables examined by Univariable logistic regression 

nalysis for an association with antibiotic prescribing on the sur- 

ey day in patients who were SARS-CoV-2 RT-PCR positive are 

hown in Table 4 . In a multivariable logistic regression analysis, 

OPD/chronic lung disease and a CRP ≥100 mg/l were associated 

ith higher odds of receiving at least one antibiotic, and patients 

ith probable or confirmed nosocomial COVID-19, diabetes and 

atients receiving care on an elderly ward had lower odds of re- 

eiving at least one antibiotic on the survey day ( Table 5 ). 

ntifungal prescribing 

Systemic antifungals were prescribed in 13 patients (preva- 

ence: 1.6%, 95% CI: 0.9 to 2.7) on the survey day ( Table 3 ). All were

ARS-CoV-2 positive, 12 were in critical care and 11 were mechan- 

cally ventilated. Caspofungin was prescribed in seven, fluconazole 

n five and voriconazole in one. Antifungals were directed in seven, 

mpirical in five and one medical ward patient was receiving long 

erm fluconazole prophylaxis. Two patients were immunocompro- 

ised and two were diabetic. Twelve of 122 (9.8%) in critical care 

n the survey day received an antifungal agent, commenced a me- 

ian of 19 days (range 5 to 23, IQR 16.5 to 20) after hospital ad-

ission and a median 18 days (range 5 to 23, IQR 16.5 to 20) af-

er critical care admission. Concomitant broad spectrum antibiotics 

ere prescribed in all who received an antifungal agent. 

iscussion 

To our knowledge, this is the first national PPS of antibiotic and 

ntifungal prescribing in hospitalised adults with suspected and 

onfirmed COVID-19 infection. The prevalence of antibiotic pre- 

cribing on the survey day was 45.0% which, while not directly 

omparable, is higher than reported prevalence estimates from 

wo Scottish PPS of antibiotic prescribing in acute adult inpatients 

35.7% in 2016 and 33.2% in 2011). 16 This was not unexpected as 

he present PPS was restricted to patients cared for in hospital 

nits designated for suspected and confirmed COVID-19 cases in 

he midst of the pandemic. In the 2016 national PPS, higher preva- 

ence estimates were also seen in specialties with more acutely 
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Table 4 

Results of univariable logistic regression analysis for association with antibiotic prescribing in SARS-CoV-2 RT-PCR positive patients on day of survey. 

Risk factor theme Risk factor Category Odds ratio ∗
Odds ratio 

95% Lower CI 

Odds ratio 

95% Upper CI 

Category 

p-value 

Risk factor 

p-value 

COVID-19 status Probable/definite nosocomial 

COVID-19 ( > day8) 

No ∗ 1.00 

Yes 0.40 0.26 0.60 < 0.001 < 0.001 

Positive SARSCoV2 test result 

prior to admission 

No ∗ 1.00 

Yes 1.48 0.75 2.93 0.26 0.26 

Positive SARSCoV2 test from 

admission to day 7 

No ∗ 1.00 

Yes 1.64 1.09 2.47 0.02 0.02 

Demographics Age Cont. 0.98 0.97 0.99 0.002 0.002 

Sex Female ∗ 1.00 

Male 0.93 0.63 1.40 0.74 0.74 

Location Care home resident No ∗ 1.00 

Yes 1.21 0.77 1.88 0.41 0.41 

Ward type Critical care ∗ 1.00 

Elderly 0.37 0.22 0.61 < 0.001 

Medical 0.78 0.54 1.13 0.19 0.001 

Length of stay from 

admission to survey 

Length of stay Cont. 0.99 0.97 1.00 0.06 0.06 

Comorbidities Asthma No ∗ 1.00 

Yes 1.56 0.86 2.82 0.14 0.14 

Cardiovascular disease No ∗ 1.00 

Yes 1.02 0.67 1.56 0.92 0.92 

COPD/Chronic lung disease No ∗ 1.00 

Yes 1.55 0.95 2.54 0.09 0.09 

Diabetes No ∗ 1.00 

Yes 0.54 0.36 0.81 0.004 0.004 

Hypertension No ∗ 1.00 

Yes 0.92 0.58 1.48 0.74 0.74 

Immunocompromised No ∗ 1.00 

Yes 1.36 0.79 2.35 0.27 0.27 

Long term renal dialysis No ∗ 1.00 

Yes 1.65 0.56 4.89 0.37 0.37 

Morbid obesity No ∗ 1.00 

Yes 0.84 0.42 1.69 0.63 0.63 

Other chronic illness No ∗ 1.00 

Yes 0.83 0.60 1.15 0.26 0.26 

End of life DNACPR No ∗ 1.00 

Yes 0.67 0.46 0.95 0.03 0.03 

Diagnostics/ clinical signs Chest x-ray Normal ∗ 1.00 

Abnormal 1.56 0.93 2.61 0.09 0.09 

CRP 0–99 mg/l 1.00 

≥100 mg/l 1.81 1.24 2.65 0.003 0.003 

Sputum Normal ∗ 1.00 

Purulent or 

bloody 

1.34 0.73 2.46 0.35 0.35 

∗ Comparing group with antibiotic versus no antibiotic for SARS-CoV-2 positive only patients. COPD- Chronic obstructive pulmonary disease and other chronic lung 

disease; DNACPR – do not attempt cardiopulmonary resuscitation order; CRP – C-reactive protein. Modelling excludes records with unknown antimicrobial status, COPD/ 

Chronic lung disease, morbid obesity, Treatment for HBP, Cardiovascular disease, Immuno-compromised as per HPS/SG advice, other chronic illness and DNAR. This left 694 

rows for inclusion in the analysis of factors associated with antimicrobial prescribing for a respiratory indication, and 511 rows for inclusion in analysis of factors associated 

with antimicrobial prescribing in patients who had confirmed COVID-19. 

Table 5 

Multivariable analysis of factors associated with antimicrobial prescribing in patients who had confirmed 

COVID-19. 

Variable OR Lower 95% CI Upper 95% CI Wald test p-value 

Probable or definite nosocomial COVID 0.54 0.35 0.83 0.006 

COPD/Chronic lung disease 1.81 1.02 3.23 0.05 

Diabetes 0.57 0.37 0.89 0.02 

CRP ≥ 100 mg/l 1.52 1.00 2.33 0.06 

Ward type Critical care 1.00 

Ward type Elderly 0.58 0.36 0.94 

Ward type Medical 0.98 0.66 1.44 0.05 

Note: COPD- Chronic obstructive pulmonary disease and other chronic lung disease. Modelling excludes 

records with unknown antimicrobial status, COPD/ Chronic lung disease, Morbid obesity, Treatment for HBP, 

Cardiovascular disease, Immuno-compromised as per HPS/SG advice, Other chronic illness and DNACPR. This 

left 694 rows for inclusion in the analysis of factors associated with antimicrobial prescribing for a respira- 

tory indication, and 511 rows for inclusion in analysis of factors associated with antimicrobial prescribing in 

patients who had confirmed COVID-19. 

958 
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nwell patients, e.g. ICU medical (48.1%) and respiratory medicine 

56.6%). 16 

Of all surveyed patients, two thirds had virologically confirmed 

ARS-CoV-2 infection and approximately one fifth of confirmed in- 

ections treated on designated COVID-19 units were considered to 

ave an infection of probable or definite hospital-onset (22.1%). Na- 

ionally, the percentage of all (hospital- and community-diagnosed) 

umulative (up to 7th June 2020) COVID-19 infections that had 

 probable or confirmed hospital-onset was 7.3%. 17 In a hospital 

ased PPS hospital onset infection is likely to be more prevalent 

s patients are already hospitalised for other medical or social rea- 

ons and therefore stay is prolonged. 

The prevalence of antibiotic prescribing on the survey day in 

atients with confirmed SARS-CoV-2 infection was 38.3% and a 

umber of variables were independently associated with antibi- 

tic prescribing. The presence of COPD/ other chronic lung disease 

excluding asthma) and a raised CRP ≥100 mg/l were both inde- 

endently associated with higher odds of antibiotic therapy. This 

ay represent ongoing clinical uncertainty regarding the presence 

f co-existent bacterial (and particularly respiratory tract) infection 

nd a lack of validated therapeutic options for COVID-19 infection 

t the time. While an elevated CRP is typical in COVID-19 infection, 

t is more usually associated with significant bacterial infection 

nd often used by prescribers to differentiate bacterial from viral 

TI. It is possible that as targeted antiviral and anti-inflammatory 

reatments become routine, 18 , 19 there will be less reliance on CRP 

y prescribers to direct antibiotic therapy. Procalcitonin (PCT), an- 

ther biomarker for bacterial infections, is not used routinely in 

HS Scotland and therefore was not evaluated in this study. Others 

ave recently reported its potential usefulness in limiting unneces- 

ary antibiotic use in confirmed COVID-19. 20 

Patients with probable or definite nosocomial COVID-19 had 

ower odds of receiving an antibiotic. It is possible these patients 

ere diagnosed as part of a nosocomial outbreak and therefore 

acterial infection was not suspected or alternatively symptoms 

ere not severe compared to community onset infection which 

ad necessitated admission. Alternatively those with nosocomial 

nfection were treated earlier in their hospital admission and had 

iscontinued or completed a course of antibiotics by the time of 

he survey. 

Probable/definitive nosocomial COVID-19 status was not 

trongly correlated with patient length of stay (correlation 

oefficient = −0.58) and better fitted the data indicating that is 

ot just about duration. Patients managed on elderly care wards 

ad lower odds of antibiotic therapy potentially reflecting greater 

oncern regarding ecological consequences of antibiotics in the 

lder population. The presence of diabetes in SARS-CoV-2 positive 

atients was also independently associated with lower odds of 

ntibiotic therapy. Further study is required to determine if there 

re differences in the clinical presentation of COVID-19 infection 

n the diabetic compared to non-diabetic population. It is plausible 

hat there is a lower threshold for admission of diabetic patients 

ith mild COVID-19 symptoms in view of higher complication 

isk or alternatively diabetic patients may present with metabolic 

ather than overtly infective complications. 21 

The composition of the survey population was similar in age, 

ex, comorbidities and disease severity to the larger, published UK 

OVID-19 ISARIC hospital cohort. 22 We did not attempt to esti- 

ate false negative SARS-CoV-2 RT-PCR test results although 9.8% 

f those receiving critical care for COVID-19 were SARS-CoV-2 RT- 

CR negative, and chest X-rays were suggestive of or indetermi- 

ant for COVID-19 in 14.3% and 23.5% of all surveyed SARS-CoV-2 

egative patients, respectively. False-negative results are associated 

ith poorly obtained nose/throat specimens and up to 33% of nasal 

wabs are negative when taken at least 10 days after the onset of 

ymptoms. 23 
959 
Antibiotic prescribing on the day of admission was 62.4% and 

ost frequently for suspected RTI. On the survey day, 45.0% were 

eceiving antibiotics and this was no different in patients managed 

n critical care units or on hospital wards. Antibiotic prescribing 

revalence in patients with confirmed SARS-CoV-2 infection was 

8.3% significantly lower than on admission and on medical and 

lderly wards, the proportion of patients receiving antibiotics and 

ho tested SARS-CoV-2 positive was lower than those who tested 

egative, suggesting review and rationalisation of antibiotic pre- 

cribing in the context of the virology result. 

There were clear differences in antibiotic choice between those 

anaged on medical and elderly wards compared with critical 

are. Narrow spectrum antibiotics amoxicillin and doxycycline, pro- 

oted within Scottish guidance for suspected mild and moder- 

te severity lower RTI, were prescribed most frequently followed 

y co-amoxiclav which is recommended for severe lower RTI. 10 

uinolones and cephalosporins were prescribed infrequently re- 

ecting their restriction in view of their association with C. dif- 

cile . 24 Critical care patients were more frequently prescribed 

iperacillin-tazobactam and meropenem and these were com- 

enced later in the course of the admission suggesting use in sus- 

ected nosocomial infection. Although specific microbiological data 

ere not collected, about one in four of those receiving antibi- 

tics in critical care received microbiologically directed broad spec- 

rum therapy. Prolonged respiratory support including the need for 

rone ventilation as well as nutritional and other organ support 

s typical in severe COVID-19 and when combined with the need 

or complex personal protection equipment an extremely challeng- 

ng environment for prevention of nosocomial infection is created. 9 

his is reflected in a recent report from five UK intensive care 

nits showing a predominance of Enterobacterales species, Staphy- 

ococcus aureus and Pseudomonal species typical of hospital- or 

entilator-associated pneumonia occurring at a median of 14 days 

ollowing admission. 25 

We also observed that about one in ten in critical care were 

rescribed systemic antifungal agents and in half of these therapy 

as microbiology-directed. Antifungals were prescribed in combi- 

ation with broad spectrum antibiotics and later in the critical care 

nit admission suggesting suspected nosocomial infection. All pa- 

ients except one were receiving either first or second line anti- 

andida therapy (fluconazole or caspofungin) as per SAPG pub- 

ished good practice recommendations 26 and only one patient was 

eceiving voriconazole. Although invasive Aspergillus has been de- 

cribed in the context of severe SARS-CoV-2 infection 

27 there is no 

lear cut association to date as has been observed with severe in- 

uenza. 28 

This survey was subject to limitations common in other hospital 

PSs including over representation and bias towards patients with 

onger durations of stay (and hence higher risk of COVID-19 infec- 

ion, other HAI and the need for antibiotic therapy). Furthermore, 

he survey was conducted approximately two weeks after peak 

umber of SARS-CoV-2 diagnoses in Scotland and four weeks after 

pdated prescribing advice from SAPG 

10 which might be expected 

o improve adherence to guidance. Results might not be true for 

ther time periods which is important in a rapidly-changing pan- 

emic situation. It is also possible that some clinical variables im- 

ortant to risk factor analyses may not have been collected. 

While there are limitations, this study provides a unique snap- 

hot of antibiotic management in suspected and proven COVID-19 

nfection across hospitals in Scotland at a time of peak pandemic 

ctivity. We have shown a relatively low prevalence of antibiotic 

rescribing on general and critical care units perhaps reflecting 

arly national guidance on COVID-19 antibiotic prescribing and the 

aturity of antimicrobial stewardship in Scotland. We have also 

hown clear differences in antibiotic and antifungal prescribing be- 

ween those in general wards and those in critical care indicat- 
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ng the importance of nosocomial infection in the critical care set- 

ing and the need for ongoing infection prevention and control and 

ntimicrobial stewardship initiatives. It was reassuring that broad 

pectrum antibiotics were rarely used outside of critical care units. 

his is important experience to share to support prudent antibiotic 

se during the evolving SARS-CoV-2 pandemic and for prepared- 

ess as resurgence of infection is anticipated in coming months. 
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