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Abstract

Background: Antimicrobial usage and stewardship programmes during COVID-19 have been poorly studied. Prescribing
practice varies despite national guidelines, and there is concern that stewardship principles have suffered.

Aim: To analyse antibiotic prescriptions during the COVID-19 pandemic at a teaching hospital and to propose improved
approaches to stewardship.

Methods: We reviewed COVID-19 admissions to medical wards and intensive care units (ICUs) in a London teaching
hospital to assess initial antibiotic usage and evidence of bacterial co-infection, and to determine if our current antibiotic
guidelines were adhered to.

Findings: Data from 130 inpatients (76% medical and 24% ICU) were obtained. On admission, 90% were treated with
antibiotics. No microbiological samples taken on admission provided definitive evidence of respiratory co-infection. In
13% of cases, antibiotics were escalated, usually without supporting clinical, radiological or laboratory evidence. In 16%
of cases, antibiotics were stopped or de-escalated within 72 h. Blood results and chest radiographs were characteristic
of COVID-19 in 20% of ward patients and 42% of ICU patients. Overall mortality was 25% at 14 days — similar to rates
described for the UK as a whole.

Conclusion: The majority of patients received antibiotics despite limited evidence of co-infection. Most patients received
narrower spectrum antibiotics than recommended by NICE. As understanding of the natural history of COVID-19
infections progresses, stewardship programmes will need to evolve; however, at this point, we feel that a more restrictive
antibiotic prescribing approach is warranted. We propose strategies for effective stewardship and estimate the effect this
may have on antibiotic consumption.
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Background The pathogenesis of multisystem disease is thought to be
related to direct viral invasion via the ACE2 receptor, which

SARS-CoV-2, the virus responsible for COVID-19, has s oy ressed in cells in the lung, renal tract, myocardium and

spread rapidly from first recognition on 31 December 2019.
The first cases were detected in the UK on 31 January 2020,
in a student and their relative who had recently visited Infection Care Group, St George’s Hospital, London, UK
China. At the time of writing, the subsequent outbreak in  *Equal contributors.
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gut. In some individuals, a hyper-inflammatory cascade
occurs around 10 days after the onset of symptoms (Cola-
francesco et al., 2020). Current experimental treatments tar-
get both virus replication (Beigel et al., 2020; Wang et al.,
2020) and the ensuing inflammatory cascade (Dimopoulos
etal., 2020; Xu et al., 2020).

The role of bacterial co-infection in COVID-19 is not
fully elucidated at present, although two recent systematic
reviews suggested that bacterial infection was not com-
monly found (Lansbury et al., 2020; Rawson et al., 2020).
There is ongoing work to determine whether atypical infec-
tions such as Mycoplasma pneumoniae are more common in
the COVID-19 cohort — but this might be due to the COVID-
19 pandemic overlapping with a peak in Mycoplasma infec-
tions, false-positive antibody results and similar appearances
on chest imaging (Lansbury et al., 2020). These findings are
in contrast to influenza, where bacterial co-infection is a
large contributor to mortality (Joseph et al., 2013).

A review by Clancy and Nguyen (Clancy and Nguyen,
2020) reports higher rates of bacterial infections in those
patients with COVID-19 who had worse clinical outcomes,
but their study focuses on nosocomial infections. There is
little information relating to bacterial infections present on
admission, and therefore there are limited data to guide
empiric antibiotic use in these patients. Despite this, the
majority of guidelines for treating COVID-19 suggest anti-
biotics for severe infections.

The global health emergency of increasing antimicrobial
resistance will likely outlive COVID-19, and reducing
unnecessary use of antibiotics in the treatment of this pan-
demic virus is important. A growing number of reports have
appeared suggesting that antimicrobial stewardship has
suffered, and that even fundamental principles have been
overlooked during the pandemic (Huttner et al., 2020).

During the outbreak, we maintained the existing antimi-
crobial stewardship programme in our 1100-bedded
London teaching hospital, where intensive care provision
rose from 60 to 144 beds. This includes daily microbiology
liaison with all intensive care units (ICUs) and twice-
weekly stewardship rounds on the medical wards focussed
on reviewing prescriptions for restricted antimicrobials
(piperacillin-tazobactam, meropenem and quinolones).
Antibiotics prescribed in accordance with hospital guide-
lines are not routinely reviewed. These guidelines are regu-
larly updated and disseminated through a website and
smartphone-based app (MicroGuide). All antibiotic pre-
scriptions were reviewed for ICU patients on a daily basis.

The National Institute for Health and Care Excellence
(NICE) in the UK published rapid guidelines for antibiotic
prescribing for patients managed in the community
(National Institute for Health and Care Excellence, 2020a)
and subsequently those admitted to hospital on 1 May 2020
(National Institute for Health and Care Excellence, 2020b).
The recommendations for hospitalised patients include co-
amoxiclav and cephalosporins as empirical agents. Rapid

guidelines are produced in response to emergencies and, as
such, the processes for developing these guidelines may
differ from standard guidelines.

We undertook a retrospective review to look at compli-
ance with our antimicrobial guidelines and impact of our
stewardship activities.

Methods

Actotal of 130 adult cases (aged over 18 years) were selected
from those admitted on or after 1 April 2020 (the date when
our COVID-19 antibiotic guidelines were published) from
a list of positive SARS-CoV-2 swabs taken from inpatients
at St George’s Hospital, London. The list was produced on
25 April 2020, and patients were chosen to represent admis-
sions evenly across the month. Only community-onset,
symptomatic patients were included.

Computerised hospital records were examined for clini-
cal, laboratory and radiology data, as well as antibiotic pre-
scriptions. Antibiotics prescribed in the Accident and
Emergency Department were not included, because these
are prescribed separately on paper charts.

All chest radiographs were reported by consultant or
specialty registrar radiologists as part of routine patient
care. The majority of radiographs were scored as classical,
indeterminate, non-COVID-19 or normal, as per the British
Society of Thoracic Imaging (https://www.bsti.org.uk/
covid-19-resources/covid-19-bsti-reporting-templates/). A
minority of reports described abnormal findings, but with-
out classifying them as classic or indeterminate.

Blood results were deemed to be characteristic of
COVID-19 if they demonstrated a lymphopenia (lower
limit of normal = 1.1 X 10%L) and an absence of neutro-
philia (upper limit of normal = 8.0 X 10%L) (Sharma et al.,
2020; Tang et al., 2020).

Microbiological specimens were processed in our UKAS-
accredited laboratory, South West London Pathology. SARS-
CoV-2 testing was performed on combined nose and throat
swabs in-house using the Altona RealStar® assay (detecting
the E and S genes) or the Roche assay (which detects the E
gene and ORF-1).

A new antibiotic guideline was specifically developed
for patients with COVID-19 at the start of the pandemic. It
was available on the hospital’s intranet and smartphone
app. Infectious diseases doctors were embedded within
clinical teams, further supporting the use of the guideline. It
recommended antibiotic choices according to a clinical
severity grading that was aligned with the grading used for
the general management of patients with COVID-19, rather
than CURB-65 score. According to this guideline, antibiot-
ics were not indicated for patients without an oxygen
requirement; doxycycline alone was recommended for
those with low oxygen requirements or tachypnoea, with
amoxicillin and doxycycline being recommended for
patients requiring higher levels of support. The guideline
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reinforced the importance of stopping antibiotics if a diag-
nosis of COVID-19 was made, and that antibiotic prescrip-
tions should be limited to a five-day course. This guideline
was released on 1 April 2020; the full guideline is available
in Supplementary Information.

Legionella antigen testing and mycoplasma serology
was recommended for all intensive care cases but not rou-
tinely for ward patients. Blood cultures were advised if
pyrexial, as well as sputum culture in patients with a pro-
ductive cough. Respiratory PCR (including Mycoplasma
PCR) was not available due to lack of reagents.

In line with the national ‘Start Smart Then Focus’ cam-
paign, antibiotic prescriptions were classified at 72 h as
‘stopped,” ‘de-escalated’ if they had been reduced from
dual therapy to monotherapy or from intravenous to oral
therapy, ‘escalated’ if they had been changed to a broader
spectrum antibiotic, or ‘changed’ if a switch was needed
due to allergy, intolerance or evidence of another infection.
If antibiotics were continued for more than 72 h, then the
course was deemed completed. Where patients died within
72 h of admission, this is recorded as such, since there was
not sufficient time to assess stewardship decision-making.

Proving or excluding bacterial co-infection is difficult.
Clinical features such as fever are non-specific and chang-
ing oxygen requirements are multifactorial. Chest radio-
graphs are frequently abnormal, particularly for patients in
the ICU. We proposed a definition of bacterial co-infection
when at least two of the following were present: imaging
suggestive of lobar pneumonia; productive cough or puru-
lent respiratory secretions on suction; and raised peripheral
blood neutrophil count. This is based on our expert
opinion.

Results

Demographic characteristics, diagnostic findings and out-
comes of the 130 patients included in this study are shown
in Table 1.

Only 20% of patients had coughs described as produc-
tive, which was consistent across the medical wards and
ICU. It was often unclear if this represented a new and
purulent cough — that is, whether this finding would support
a diagnosis of bacterial infection — because this was poorly
recorded in the patient record.

Legionella and pneumococcal antigen testing was per-
formed in 11% and 12% of ward patients, respectively, and
71% and 45% of ICU patients, respectively. Mycoplasma
IgM was measured in 2% of ward patients and 3% of ICU
patients. All these pathogen-specific tests were negative,
except for one low-positive Mycoplasma IgM — and we
interpreted this as a false-positive.

Sputum was sent for culture from only 1 of the 99 (1%)
ward patients within 48 h of admission, and this grew nor-
mal upper respiratory tract flora only. Out of 31 ICU
patients, 3 (10%) had a sputum sample sent within 48 h of

admission, with Proteus hauseri (which we interpreted as
colonising rather than infecting) and upper respiratory tract
flora being isolated.

Initial antibiotic regimens used are shown in Figure 1. Of
the patients, 56% received dual therapy with either ben-
zylpenicillin or amoxicillin (i.e. a narrow-spectrum beta-
lactamantibiotic) together with doxycycline or clarithromycin
(to target atypical pathogens). The next most common regi-
men was doxycycline monotherapy, accounting for 8% of
admissions. All quinolone and cefuroxime prescriptions,
accounting for 7% of ward patients, were for patients with a
documented beta-lactam allergy and were appropriate within
our guidelines. More patients admitted to the ICUs received
no antibiotic on admission and for the first 48 h (26%) com-
pared to patients admitted to the general medical wards (5%).

The antibiotic outcomes at 72 h are shown in Figure 2.
The initial antibiotic was stopped or reduced to monotherapy
within 72 h in 16% of cases (26% on ICU and 13% on medi-
cal wards). The median duration of the initial antibiotic
course was seven days on the general medical wards and
three days on the ICUs. Where antibiotics were escalated,
this occurred at a median of 5.5 days (interquartile range
[IQR] = 2.5-6.0) on the general medical wards and three
days (IQR = 2.5-3.5) on the ICUs. Despite careful review of
case notes, it generally proved difficult to identify clear evi-
dence of bacterial super-infection as a reason for escalation
but was generally due to a worsening of the clinical condi-
tion. There were a small number of hospital-acquired blood-
stream infections and ventilator-associated pneumonias. The
reasons for changes to antibiotic prescriptions were incon-
sistently documented, but specialist microbiology input was
more reliably documented for patients on the ICUs.

Of the patients, 48% had classic COVID-19 chest radio-
graph changes; 19% had indeterminate imaging findings
and 8% had clear lung fields; and 6% had focal changes
that could be consistent with bacterial pneumonia. Patients
admitted to the ICUs more frequently had classic radio-
graph appearances and these patients were also more likely
to be lymphopenic.

In the patients who had their antibiotic regime de-esca-
lated or stopped, only one patient from the general medical
wards and three patients from the ICUs had classic chest
radiograph findings and blood results, suggesting that other
parameters were useful in making prescribing decisions.

Discussion

Our hospital maintained an antimicrobial stewardship pro-
gramme even at the peak of the epidemic. We show that
nearly all patients admitted with COVID-19 to our hospital
had antibiotics prescribed. This is more than we believe is
necessary, based on the limited evidence of bacterial co-
infection in this viral infection. Antibiotic courses on the
general wards were, on average, longer than most guide-
lines suggest. Increasing evidence suggests that there is
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Table |. Demographic characteristics, diagnostic findings and outcomes for patients.

Wards (n = 99) ICU (n = 31) Total (n = 130)
Gender
Male 60 (61) 19 (61) 79 (61)
Female 39 (39) 12 (39) 51 (39)
Age (years) 73 (59.5-82) 58 (45-66.5) 67 (54.5-77.75)
CURB-65 score
0 17 (17) 2 (7) 19 (15)
I 21 (21) 14 (45) 35 (27)
2 28 (28) 7 (23) 35 (27)
3 21 (21) 6 (19) 27 (21)
4 9 (9) 2 (7) Il (8)
5 3(3) 0 (0) 3(2)
Productive cough 20 (20) 6 (20) 26 (20)
CXR findings
Classic COVID-19 41 (41) 22 (71) 63 (48)
Indeterminate 23 (23) 3 (10) 26 (20)
Focal consolidation 7(7) 1 (3) 8 (6)
Clear lung fields 8 (8) 2 (6) 10 (8)
Other 20 (20) 3 (10) 23 (18)
Biochemical results
Lymphopenia 60 (60) 25 (8l) 85 (65)
Neutrophilia 30 (30) 11 (35) 41 (32)
Composite results
Classic CXR, no neutrophilia 30 (30) 15 (48) 45 (35)
Classic CXR, lymphopenia, no neutrophilia 20 (20) 13 (42) 33 (25)
Outcome at |4 days
Died 21 (21) 12 (39) 33 (25)
Ventilated 0 (0) 11 (35) 11 (8)
On oxygen 6 (6) 1 (3) 7 (5)
Still admitted, off oxygen 13 (13) 2 (6) 15 (12)
Discharged home 58 (59) 5(16) 63 (48)
Discharged to hospice I (1) 0 (0) (1)

Values are given as n (%) or median (IQR).
CXR, chest X-ray; IQR, interquartile range.

little co-infection contributing to the clinical picture
(Rawson et al., 2020) and cytokine-driven storm is likely to
be important in deteriorating patients. Outcomes for our
patients, at least those on the ICUs, are broadly similar to a
large, national cohort (Docherty et al., 2020).

More patients in the ICU were prescribed no antibiotics
on admission than in the general wards. We believe this is
due to a more classic presentation in cases of severe
COVID-19, and this is evidenced by a higher proportion of
typical chest radiographs and laboratory findings.

Antibiotic prescriptions were more frequently changed in
the ICUs than in the general wards, which likely reflects daily
microbiology liaison. Additional resources should be focussed
on patients who are not in the intensive care settings.

If antibiotics had been stopped in all patients with a classic
chest radiograph, lymphopenia and absent neutrophilia, this
would have resulted in stopping antibiotics in 25% of patients.
If antibiotics had been stopped in patients with a classic chest
radiograph and absent neutrophilia (but allowing a normal
lymphocyte count), this figure rises to 35%. When we applied
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Figure |. Initial antibiotic regimens. Amox, amoxicillin; Benpen, benzylpenicillin; Cef, cefuroxime or ceftriaxone; Clari,
Clarithromycin; Doxy, doxycycline.
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Figure 2. Changes to initial antibiotic prescriptions within

72 h.
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our proposed definition for bacterial super-infection (see
‘Methods’), only eight ward patients and two ICU patients
met these criteria. Further, it is notable that on admission radi-
ographs, only 6% were reported as having a focal or lobar
consolidation.

Currently, international antibiotic guidelines are in con-
flict with our guidelines in the UK. Specialty guidance from
NHS England states that antibiotics should not be used for
patients with uncomplicated COVID-19 in intensive care,
although it is unclear what ‘uncomplicated’ means for such
a patient. We found no microbiological evidence to support
the routine use of co-amoxiclav or antibiotics with broader
spectra on admission to hospital. On the contrary, we believe

that a significant proportion of patients who were prescribed
antibiotics did not have a bacterial infection.

Although UK national guidelines recommend consider-
ing Legionella testing in all cases, none of our patients
tested positive, and antibiotic cover for atypical organisms
may not be necessary. We suggest that routine Legionella
testing should be reserved for ICU patients.

A major challenge in developing antimicrobial steward-
ship programmes is identifying which patients do not
require antibiotics. In the first instance, a key factor in guid-
ing the need for an antibiotic is the history, and particularly
the nature of any cough including the production of puru-
lent sputum. Rapid virological confirmation of the COVID-
19 diagnosis is also key in confirming the primary pathology
and guiding the assessment on the value of ongoing empiri-
cal antibiotic therapy. The turnaround time for SARS-
CoV-2 testing for our hospital reduced from up to seven
days to under 24 h during the course of the outbreak, when
in-house testing was commenced before 1 April, which we
found helpful in stewarding antibiotics. Routine blood test
results may help exclude bacterial infection. For example, a
normal neutrophil count associated with lymphopenia is
seen as being classic of COVID-19 that is not complicated
by bacterial infection. Lymphopenia is more common in
severe disease, and one-third of our patients were not lym-
phopenic. Therefore, while it may be useful in diagnosing
and prognosticating in COVID-19, lymphocyte count may
be less useful as a tool for antimicrobial stewardship.

Biomarkers have been used to distinguish bacterial from
viral infection. Procalcitonin (PCT) is particularly topical.
However, PCT testing is not universally available, and its
role in COVID-19 is still to be fully elucidated. Several
studies have correlated COVID-19 severity with PCT lev-
els (Lippi and Plebani, 2020; Liu et al., 2020), with high
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PCT levels even in the absence of bacterial co-infection.
NICE does not endorse the use of PCT but encourages fur-
ther research due a lack of evidence. Indeed, before the
global COVID-19 pandemic, the World Health Organization
EML Antibiotic Working Group had rejected PCT as an
essential in vitro diagnostic test (Procalcitonin (PCT) test
(immunoassay) Submission to the WHO EDL 2019) for
similar reasons. A Cochrane systematic review showed no
difference in mortality, reinfection or duration of antibiotic
therapy in the PCT versus non-PCT groups (Andriolo et al.,
2017). The Infectious Diseases Society of America guide-
lines do, however, advocate the use of PCT in antimicrobial
stewardship programs, albeit that this is described as a
weak recommendation (Barlam et al., 2016).

The role of imaging in confidently identifying classic
COVID-19-related changes is being increasingly under-
stood, and the role for artificial intelligence in diagnosing
COVID-19 from plain chest radiographs is also being
investigated (Murphy et al., 2020; Wong et al., 2019). Our
revised antibiotic guidelines will take into account classic
findings of COVID-19 on the chest radiograph.

We believe that a simple risk stratification for identify-
ing possible cases of bacterial co-infection could be devel-
oped. This could be based on our proposed criteria that is
used on tests that are already routinely performed.

CRB-65 has been recommended by NICE to assess the
severity of COVID-19 in the community (National Institute
for Health and Care Excellence, 2020a), although it has not
been validated in this condition. The CURB-65 score, for
use in hospitals, has not been recommended by NICE;
indeed, strong evidence has emerged that link other risk
factors such as male gender, age, ethnicity and defined co-
morbid conditions, such as diabetes and hypertension, to
worse outcomes. However, severity of infection does not
equate to risk of bacterial infection, and we would advise
caution in using it as a basis on which to guide antimicro-
bial therapy in a primary viral infection (Shi et al., 2020).

Our COVID-19 antibiotic guideline recommends amox-
icillin in place of benzylpenicillin, which we had previ-
ously used for community-acquired pneumonia. This has
several advantages. It requires fewer administrations of an
intravenous antibiotic and reduces nursing time spent pre-
paring and delivering drugs. It also reduces the number of
infusion pumps required to deliver antibiotics, which had
been in short supply. We have also witnessed an increased
number of bloodstream infections in our cohort (Sturdy
et al., 2020), which we postulate is due to difficulties in
maintaining good infection control and line care practices
when enhanced personal protective equipment is worn.
Reducing the need for intravenous access will reduce noso-
comial infection — principles that are well established and
have been proven to reduce bloodstream infections (Bion
etal., 2013; Pronovost et al., 2006).

An additional, well-recognised challenge of antimicro-
bial stewardship programmes is adherence to guidelines.
We found a significant number of prescriptions that did not

follow our guidelines, and this could be improved by better
dissemination and education which, after the peak of infec-
tion, we are now undertaking.

One limitation of our study is the difficulty in defini-
tively excluding bacterial co-infection in the deteriorating
patient. The vast majority of patients with COVID-19 do
not have bronchoalveolar lavages undertaken, even in the
ICU, though these may provide better microbiological sam-
ples. However, several studies have reached the same con-
clusion as us that bacterial co-infection is not commonly
seen in COVID-19. Furthermore, assessing antibiotic use in
COVID-19 is complicated because patients commonly
acquire unrelated nosocomial infections.

In conclusion, despite high levels of antibiotic prescrib-
ing, this retrospective study is useful in supporting the use
of narrow spectrum antibiotics, which are rapidly discon-
tinued when the clinical picture and diagnostic work-up
makes bacterial involvement unlikely. A proactive review
of prescriptions is important to ensure courses are restricted
to the minimum required.
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