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Background: The COVID-19 pandemic increased the use of broad-spectrum antibiotics due
to diagnostic uncertainty, particularly in critical care. Multi-professional communication
became more difficult, weakening stewardship activities.
Aim: To determine changes in bacterial co-/secondary infections and antibiotics used in
COVID-19 patients in critical care, and mortality rates, between the first and second
waves.
Methods: Prospective audit comparing bacterial co-/secondary infections and their treat-
ment during the first twowaves of the pandemic in a single-centre teaching hospital intensive
care unit. Data on demographics, daily antibiotic use, clinical outcomes, and culture results in
patients diagnosed with COVID-19 infection were collected over 11 months.
Findings: From March 9th, 2020 to September 2nd, 2020 (Wave 1), there were 156 patients
and between September 3rd, 2020 and February 1st, 2021 (Wave 2) there were 235 patients
with COVID-19 infection admitted to intensive care. No significant difference was seen in
mortality or positive blood culture rates between the two waves. The proportion of
patients receiving antimicrobial therapy (93.0% vs 81.7%; P < 0.01) and the duration of
meropenem use (median (interquartile range): 5 (2e7) vs 3 (2e5) days; P ¼ 0.01) was
lower in Wave 2. However, the number of patients with respiratory isolates of Pseudo-
monas aeruginosa (4/156 vs 21/235; P < 0.01) and bacteraemia from a respiratory source
(3/156 vs 20/235; P < 0.01) increased in Wave 2, associated with an outbreak of infection.
There was no significant difference between waves with respect to isolation of other
pathogens.
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Conclusion: Reduced broad-spectrum antimicrobial use in the second wave of COVID-19
compared with the first wave was not associated with significant change in mortality.
ª 2022 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
Introduction

The COVID-19 pandemic has placed healthcare systems
under immense pressure worldwide, driving increased use of
antibiotics and hence the potential for emergence of anti-
microbial resistance and adverse effects [1]. Several key fac-
tors have encouraged increased broad-spectrum antibiotic use,
particularly carbapenems: (i) the challenge of individualizing
therapy amidst overwhelming rises in numbers of patients
requiring high-dependency and intensive care; (ii) uncertainty
about the contribution of bacterial co-infection or secondary
infection in critically ill patients with otherwise limited treat-
ment options; and (iii) the absence of specific biochemical or
imaging tests able to reliably distinguish SARS-CoV-2 disease
from bacterial infection. Overuse of antibiotics risks accel-
erating the emergence of carbapenem-resistant organisms [2].

In 2020e21, the UK experienced two major peaks of COVID-
19 infections, the first in spring 2020 and the second (pre-
dominantly alpha B1.1.7 variant) during the winter of 2020e21.
The key differences in hospital management between these
two waves resulted partly from experience gained with treat-
ing this new disease and from an increased use of immuno-
suppressive agents, particularly dexamethasone and
tocilizumab, following the findings of the RECOVERY trials
[3,4]. If use of such agents were associated with an increase in
secondary infections, there would be further challenges for
diagnosis and antimicrobial stewardship [5,6].

We thus sought to evaluate the differences between the first
two waves of COVID-19 with respect to antimicrobial antibiotic
use, microbiologically proven infections, and mortality in a
single-centre adult intensive care unit (ICU) during the first 11
months of the COVID-19 pandemic in the UK.
Methods

The University College London Hospital adult ICU is a gen-
eral medical and surgical facility, normally operating 35 beds.
Bed capacity rose to 90 during the pandemic through expansion
into theatre operating rooms and other ward areas to meet
demand. In both waves, clinical staff were redeployed to
the ICU from other services to support surge rotas. The
nurse:patient ratio fell from the usual 1:1 ratio for mechan-
ically ventilated patients to as low as 1:3 or even 1:4. In some
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for microbiology and pharm
areas, bed spacing was reduced from 3.6 to 2 m. Equipment
availability and frequency of cleaning were challenged.

Standard antimicrobial stewardship practice for nosocomial
infections, principally short courses of piperacillinetazobactam
or ceftazidime and restricted use of meropenem, had been in
place on this ICU since 2000, as previously described [7]. At the
start of the first wave, the ICU pharmacists were prioritized to
dealing with drug shortages, liaison, and guidelines develop-
ment. Antimicrobial stewardship activities by both micro-
biologists and pharmacists were severely limited. At the start of
the first wave (Figure 1), senior microbiologist input changed
from an in-person ward round to telephone contact. By the
peak, the intense activity and need for removal of personal
protective equipment before joining even a telephone confer-
ence made multi-disciplinary meetings difficult. An infectious
disease or microbiology specialist trainee then attended rounds
in person and two consultant microbiologists joined by tele-
phone. Later in the first wave (May 12th, 2020), a fully virtual
multi-disciplinary round was started, improving consistency and
communication for stewardship and infection control purposes;
this continued throughout the second wave. The virtual rounds
included ICU consultants, nurses, pharmacists, physiotherapists,
dieticians, psychologists, palliative care physicians, and family
liaison officers involved in each patient’s care.

The transition from first to second wave was taken as Sep-
tember 3rd, 2020 which corresponded to a short period of no
COVID-19 infected admissions. In Wave 2, an enhanced clinical
pharmacy team advised on individualized patient dosing based
on pharmacokineticepharmacodynamic principles. In contrast
to Wave 1, administration of meropenem was generally dis-
couraged and its use was de-escalated or stopped as soon as
clinically indicated.

Patient demographics, daily antibiotic usage, microbiology
culture results and clinical outcomes were recorded pro-
spectively as part of routine care. Missing results were found
retrospectively during audit using hospital electronic health-
care records. Bronchoalveolar lavage was performed rarely due
to concerns regarding aerosolization. From hospital electronic
health record and pathology systems, we collected data on all
patients with a clinical and/or virologically confirmed diagnosis
of COVID-19 admitted to the adult ICU between September 3rd,
2020 and February 1st, 2021. As we report data as part of
service evaluation, ethics committee permission was not
sought. Patients were followed to discharge from ICU.
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Figure 2. (A) Cumulative total of COVID-19 patients and deaths in intensive care unit (ICU) along with daily total of COVID-19 patients in
ICU over the study period. (B) Daily number of COVID-19 admissions and deaths in ICU over the study period. (C) Days of treatment per
patient with most commonly used antipseudomonal antibiotics during the first two pandemic waves: violin plots of probability distribution
with box plots showing median and interquartile range. (D) Age, treatment days on any antibiotic, percentage of length of stay on any
antibiotic, and treatment days on meropenem of COVID-19 patients who survived (death ¼ FALSE) or died (death ¼ TRUE) during ICU stay:
violin plots of probability distribution with box plots showing median and interquartile range.
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Figure 2. (continued).
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Individual patient-level data on demographics (age, sex,
date of ICU admission), use of antibiotics (generic name, days
of treatment per 100 ICU adjusted patient-days (DOT/1000 ICU
APD)), and treatment outcomes (death in or discharge from
ICU) were recorded, as well as positive cultures. The source of
bacteraemia was determined by the clinical assessment of the
microbiology and ICU teams based on the clinical presentation,
organism isolated, and management instigated based on pos-
itive blood culture. Contaminants were those that were
thought not clinically significant at the time and did not require
a clinical intervention. Co-infections were defined as those
diagnosed within two days of admission to ICU, whereas later
infections were considered secondary. The effects of therapy
for COVID-19 on bacteraemia and need for treatment have
been reported separately [6].

Continuous data were treated as non-parametric and
reported as median (interquartile range), with distributions
compared using the Wilcoxon rank-sum test with continuity



Table I

Patient demographics, clinical outcomes, blood culture isolates, and antimicrobial use in two COVID-19 waves

Variable Overall (N ¼ 391) Wave 1 (N ¼ 156) Wave 2 (N ¼ 235) P-value

Demographics
Age (years)
Median (IQR) 61.0 (52.0, 69.0) 60.5 (49.0, 67.0) 61.0 (53.5, 70.0) 0.07

Sex <0.05
Male (%) 267 (68.3) 116 (74.4) 151 (64.3)
Female (%) 124 (31.7) 40 (25.6) 84 (35.7)

Clinical outcomes
Death 0.22
Yes (%) 140 (35.8) 62 (39.7) 78 (33.2)
No (%) 251 (64.2) 94 (60.3) 157 (66.8)

Length of stay (days per
patient)
Median (IQR) 11 (5.3, 18.0) 10 (4.0, 21.0) 11 (6.0, 16.0) 0.62

Antibiotic use
Individual patient use
(days)
Median (IQR) 6 (2.0, 11.0) 6 (2.0, 12.0) 6 (3.0, 10.0) 0.66
Median % of length of say
(IQR)

61.3 (37.5, 85.3) 62.5 (40.0, 93.8) 60.2 (33.3, 82.2) 0.34

Did not receive
antibiotic (%)

54 (13.8) 11 (7.0) 43 (18.3) <0.01

Blood culture isolates
Total patients (%) 119 (30.4) with 240 samples 43 (27.6) with 88 samples 76 (32.3) with 152 samples 0.37

Sources (patients)
Clinically significant (%) 76 (19.4) with 157 samples 28 (17.9) with 61 samples 48 (20.4) with 96 samples 0.63
Line (%) 38 (9.7) with 80 samples 18 (11.5) with 39 samples 20 (8.5) with 41 samples 0.41
Chest (%) 23 (5.9) with 33 samples 3 (1.9) with 5 samples 20 (8.5) with 28 samples 0.01
Multiple/unknown (%) 21 (5.4) with 32 samples 7 (4.5) with 9 samples 14 (6.0) with 23 samples 0.69
Urine (%) 3 (0.8) with 5 samples 2 (1.3) with 4 samples 1 (0.4) with 1 sample 0.57
Gastrointestinal (%) 2 (0.5) with 4 samples 2 (1.3) with 4 samples 0 0.16
Other (%) 2 (0.5) with 3 samples 0 2 (0.9) with 3 samples 0.52

Contaminant (%) 63 (16.1) with 83 samples 21 (13.5) with 27 samples 42 (17.9) with 56 samples 0.31
Organisms (patients)

Bacteria: Gram þve (%) 91 (23.3) with 155 samples 33 (21.1) with 56 samples 58 (24.7) with 99 samples 0.49
Coagulase-negative
saphylococci (%)

72 (18.4) with 112 samples 26 (16.7) with 44 samples 46 (19.6) with 68 samples 0.55

Staphylococcus aureus/
argenteus (%)

8 (2.0) with 12 samples 0 8 (3.4) with 12 samples 0.02

Streptococcus spp.
(excluding group D) (%)

6 (1.5) with 7 samples 0 6 (2.6) with 7 samples 0.08

Enterococcus spp. (%) 14 (3.6) with 17 samples 10 (6.4) with 12 samples 4 (1.7) with 5 samples 0.02
Other (Corynebacterium
spp., Dolosigranulum
pigrum) (%)

4 (1.0) with 7 samples 0 4 (1.7) with 7 samples 0.15

Bacteria: Gram eve (%) 43 (11.0) with 81 samples 15 (9.6) with 30 samples 28 (11.9) with 51 samples 0.58
Enterobacterales
(Citrobacter spp.,
Escherichia coli,
Enterobacter spp.,
Klebsiella spp.,
Serratia spp.) (%)

31 (7.9) with 55 samples 13 (8.3) with 25 samples 18 (7.7) with 30 samples 0.96

Pseudomonas
aeruginosa (%)

11 (2.8) with 15 samples 3 (1.9) with 4 samples 8 (3.4) with 11 samples 0.54

(continued on next page)
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Table I (continued )

Variable Overall (N ¼ 391) Wave 1 (N ¼ 156) Wave 2 (N ¼ 235) P-value

Environmental
(Achromobacter
xylosoxidans,
Stenotrophomonas
maltophilia) (%)

3 (0.8) with 6 samples 0 3 (1.3) with 6 samples 0.28

Acinetobacter baumannii
(%)

2 (0.5) with 3 samples 0 2 (0.9) with 3 samples 0.52

Anaerobes
(Fusobacterium
nucleatum,
Parabacteroides
distasonis) (%)

2 (0.5) with 2 samples 1 (0.6) with 1 sample 1 (0.4) with 1 sample 1

Fungi
Yeast (%) 4 (1.0) with 4 samples 2 (1.3) with 2 samples 2 (0.9) with 2 samples 1
Candida spp. (%) 4 (1.0) with 4 samples 2 (1.3) with 2 samples 2 (0.9) with 2 samples 1

IQR, interquartile range.
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correction. Proportions were compared with Fisher’s exact or
Pearson’s c2-test with Yates’ continuity correction as appro-
priate. P < 0.05 was the threshold for statistical significance.
All statistical analyses and data visualization were performed
using R version 3.6.0.

Results

Our adult ICU admitted a total of 391 COVID-19 patients
between March 9th, 2020 and February 1st, 2021: 156 in Wave 1
(March 9th to September 2nd, 2020) and 235 patients in Wave 2
(September 3rd, 2020 to February 1st, 2021). ICU COVID-19
occupancy reached a peak of 54 in Wave 1 (�50 from April
12th to 18th, 2020) and 78 in Wave 2 (�50 from January 4th, 2021
to February 1st, 2021) (Figure 2A, B). Surge arrangements were
in place until June 2020 during Wave 1 and until March 2021
during Wave 2.

Patient age was similar across both waves (Table I). There
was a higher proportion of females in Wave 2 (35.7% vs 25.6%; P
< 0.05). The median length of stay remained consistent at 11
(IQR: 5e18) days. There was no significant difference in ICU
mortality rates between waves (39.7% Wave 1, 33.2% Wave 2;
P ¼ 0.22) (Table I).

Total antibiotic duration of 6 (range: 2e11) days per patient
did not differ between waves (P ¼ 0.66) with at least one anti-
biotic given on 571 DOT/1000 ICU APD (Table II). More patients
were given no antibiotic during their ICU stay inWave 2 (Table I).
Short courses of antipseudomonal antibiotics, with median
durations of antibiotic between 2 and 5 days during ICU stay,
were used in both waves (Figure 2). Duration of meropenem use
was significantly lower in Wave 2 (median: 3 (IQR: 2e5) vs 5
(2e7) days; P ¼ 0.01) (Figure 2C), with meropenem given on 55
compared with 129 DOT/1000 ICU APD (P < 0.01). As a result,
ceftazidime use unit-wide was significantly higher in Wave 2
than in Wave 1 (110 vs 69 DOT/1000 ICU APD, respectively) (P <
0.01). Co-amoxiclav and piperacillinetazobactam use fell sig-
nificantly in the second wave (P< 0.01). Clarithromycin was not
given empirically in the second wave (Table II) as mycoplasma
was not found to be causing pneumonia and there were false-
positive serological tests in COVID-19-infected patients.
Caspofungin use fell in the second wave (P< 0.01) but the use of
other antifungals remained stable (Table II). The use of aciclovir
fell after remdesivir was introduced for treatment of COVID-19
on June 26th, 2020.

Whereas there was a significant increase in the number of
positive blood cultures per 100 sets taken fromWave 1 toWave 2
(16.7 vs 23.2; P < 0.01), there was no significant difference in
the number of positive blood cultures, all bloodstream infec-
tions (positive blood cultures of clinical significance), or sec-
ondary bloodstream infections per 1000 patient-days (Table I).
Only one significant positive blood culture in Wave 1 and eight
from four patients in Wave 2 were co-infections (<48 h of
admission). The proportion of patients with positive blood cul-
tures (119/391, 30.4%),whether of clinical significance (76/391,
19.4%) or contaminants (63/391, 16.1%), was comparable
between waves, with central venous catheters the most fre-
quent source attributed (Table I). However, there was a sig-
nificant increase in bacteraemia associated with pneumonia in
Wave 2 (8.5% vs 1.9%, P ¼ 0.01). All pneumonia-related bac-
teraemia in Wave 1 (3/3, 100%) andmost in Wave 2 (14/20, 70%)
were caused by Gram-negative organisms. There was no sig-
nificant difference in Gram-negative bacteraemia types overall
between the two waves, the most common isolates being
Enterobacterales and Pseudomonas aeruginosa (Table I).
Escherichia coli was found in only four patients compared with
eight with Klebsiella pneumoniae and nine K. aerogenes. Five
patients in one week in January 2021 developed pseudomonas
bacteraemia in an outbreak which continued after February 1st,
threealso having sputum isolates. These concomitant infections
accounted for 18 patient-days of antipseudomonal antibiotic
treatment. However, the isolates were not typed or sequenced.
Only five patients overall had P. aeruginosa isolated from both
sputum and blood. Serratia spp. bacteraemia was identified in
two patients in Wave 1 and six in Wave 2. There was a cluster of
Staphylococcus aureus pneumonia (four isolates in four
patients) in Wave 2, of which two isolates were found to be
indistinguishable on multi-locus sequence typing. The only
blood isolate of Streptococcus pneumoniaewas in a patientwith
pneumonia co-infection in Wave 2. Only four patients had can-
didaemia and one had a respiratory isolate of Aspergillus sp. in



Table II

Days of treatment per 1000 intensive care-adjusted patient-days

Antimicrobial Total 1st wave 2nd wave

Meropenem 86.73 129.55 55.33
Ceftazidime 93.08 69.55 110.33
Cephalosporin/b-lactamase
inhibitors

1.92 0.00 3.33

Other cephalosporins 26.92 26.82 27.00
Co-amoxiclav 31.35 45.45 21.00
Piperacillinetazobactam 137.50 150.00 128.33
Other penicillins 25.77 28.18 24.00
Glycopeptides 127.12 127.27 127.00
Aminoglycosides 22.12 21.36 22.67
Clarithromycin 26.92 52.73 8.00
Erythromycin 9.81 8.64 10.67
Ciprofloxacin 87.31 82.73 90.67
Other antibacterials 44.81 45.91 44.00
Aciclovir 53.65 80.45 34.00
Remdesivir 33.85 14.09 48.33
Other antivirals 8.46 3.64 12.00
Caspofungin 32.69 49.09 20.67
Fluconazole 7.69 9.55 6.33
Liposomal amphotericin 8.65 10.91 7.00
Other antifungals 5.77 6.23 5.43
No anti-infective 439.23 450.00 431.33
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the whole period (Tables II, III). Elevated b-D-glucan was
detected in one patient in the firstwave and eight in the second.

Resistance rates were low. There were no bloodstream iso-
lates of carbapenemase-producing organisms or meticillin-
Table III

Pathogens isolated from sites other than blood in each wave (includin

Site Pathogen No

ApreAug 202

Respiratory Staphylococcus aureus
Other Gram positives
Klebsiella pneumoniae
Other Klebsiella spp.
Pseudomonas aeruginosa
Haemophilus influenzae
Stenotrophomonas maltophilia
Serratia marcescens
Other Gram negatives
Aspergillus sp.
Candida sp.

Urinary Candida albicans
Other Candida sp.
Enterococcus sp.
Escherichia coli
Klebsiella pneumoniae
Other Klebsiella spp.
Pseudomonas aeruginosa

Wound Staphylococcus aureus
Other Gram positives
Pseudomonas aeruginosa
Other Gram negatives
Candida albicans

a c2 ¼ 5.3, P < 0.03.
resistant S. aureus (MRSA). Vancomycin-resistant Enterococcus
faecium (VRE) was isolated from only two patients and was
thought to be line-associated. All Candida spp. isolates were
susceptible tofluconazole. InGram-negative isolates fromblood,
resistance to ceftazidime was reported in four patients (five
occasions) inWave1and threepatients (four occasions) inWave2
(1.7 and 1.0 per 1000 patient days). None had been treated with
ceftazidime. Resistance to piperacillinetazobactam was repor-
ted in four patients (six occasions) during Wave 1 and four
patients (five occasions) during Wave 2 (1.7 and 1.3 per 1000
patient-days, respectively). Resistance to ciprofloxacin was
reported in one patient in Wave 1 and two in Wave 2 (0.4 and 0.7
per 1000 patient-days, respectively). Apart from a single isolate
with meropenem resistance, all P. aeruginosa isolates were sus-
ceptible to the antibiotics used.

Of 119 patients with positive blood cultures, the spec-
trum of antibiotic regimen was increased in 15 (12.6%)
patients and reduced (or antibiotics stopped) in 16 (13.4%)
patients, when preliminary results were available on the day
after the blood culture was taken. Another three (2.5%)
patients had an increase in antimicrobial spectrum and two
reduced (or stopped antibiotic) on the second day after the
blood culture was taken, when susceptibility information
was available. Treatment was changed within 24 h of the
blood culture from piperacillinetazobactam to meropenem
on six occasions, to ciprofloxacin on two, and to temocillin
on one, either after clinical deterioration or previous
microbiological results.

Bacterial pathogens at sites other than blood were similar in
both waves (Table III) but the number of patients from whom
P. aeruginosa was isolated in respiratory secretions increased
g polymicrobial)

. of patients

0 (patient-days 2372)

(N ¼ 156)

No. of patients

Sep 2020eJan 2021 (patient-days 3008)

(N ¼ 235)

12 15
1 2
5 7
3 4
4a 21a

3 7
0 5
1 6
8 8
1 0
2 1
8 14
2 7
0 9
2 13
2 2
0 4
1 4
1 3
1 4
0 5
2 2
1 3



Table IV

Comparison of rates of bacteraemia per 1000 intensive care-adjusted patient-days before and during the pandemic

Blood isolate species Pre-pandemic COVID-19 patients, Apr 2020eJan 2021

Apr 2019eMar 2020

(10,791 patient-days)

ApreAug 2020

(2372 patient-days)

Sep 2020eJan 2021

(3008 patient-days)

No. of patients BSIs per 1000

patient-days

No. of patients BSIs per 1000

patient-days

No. of patients BSIs per 1000

patient-days

Total 84 7.78 43 18.12 76 25.27
Coagulase-negative
staphylococci

57 5.28 26 10.96 42 13.97

Candida albicans 2 0.18 2 0.84 2 0.66
Enterobacter cloacae 2 0.18 0 0 1 0.33
Enterococcus faecium 16 1.48 7 2.95 1 0.33
Escherichia coli 26 2.41 2 0.84 2 0.66
Klebsiella pneumoniae 9 0.83 3 1.26 3 1.00
Pseudomonas aeruginosa 8 0.74 3 1.26 8 2.66
Staphylococcus aureus 8 0.74 0 0 8 3.37

BSI, bloodstream infection.
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in the second wave (4/156 vs 21/235; P < 0.01), as with bac-
teraemia with a respiratory source (3/156 vs 20/235; P < 0.01)
(Table I).

In the year prior to the COVID-19 pandemic, critical care
patients in our unit were predominantly haematology, oncol-
ogy, acute medical and surgical, in whom E. coli was the most
frequent cause of Gram-negative bacteraemia (Table IV). The
reported rate of bacteraemia was lower than during the pan-
demic. The occurrence of resistant Gram-negative bacter-
aemia was 1.48, 0.83, and 2.2 per 1000 ICU patient-days for
ceftazidime, piperacillinetazobactam and ciprofloxacin,
respectively [8]. There were no cases of MRSA and only one
carbapenemase-producing organism causing bacteraemia. In
the year prior to the onset of the first wave, 169 patients were
treated with meropenem compared with 234 during the pan-
demic (March 2020 to January 2021).

Discussion

The COVID-19 pandemic represented a major challenge in
providing safe and effective antimicrobial treatment in inten-
sive care. Empiric use of antibiotic greatly exceeded use for
microbiologically proven infections. Experience of treating this
new disease and its complications improved markedly between
the onset of the first and second waves. A major strength of our
work is the granularity of data on microbiological culture and
antimicrobial use in critically ill patients with COVID-19 across
two waves.

At the start of the pandemic, a rapid increase in patient
numbers and potential infections challenged antibiotic stew-
ardship. Many clinicians, predominantly anaesthetists, rede-
ployed from other areas of the hospital were not familiar with
standard antimicrobial practice in the ICU. In common with
other centres, the significant rise in patient load reduced com-
pliance with infection prevention and control practice as well as
stewardship [9,10]. However, the overall rate of secondary
bacteraemia was low andmostly line-related, possibly reflecting
the effect of staffing pressures on vascular catheter care.

In the second wave, reorganization of microbiology and
pharmacy staffing and virtual multi-disciplinary rounds for all
COVID-19 ICU surge locations, as well as increasing confidence in
treating these patients, facilitated reduced use of meropenem
in favour of alternatives. There was no significant difference
between waves in mortality rate nor in incidence of Gram-
negative bacteraemia. The use of ceftazidime rose and
piperacillinetazobactam fell but therewas no significant change
in use of ciprofloxacin. An outbreak of pseudomonas bacter-
aemia in the second wave was probably related to the pressure
of patient numbers on infection control and suspension of work
to eradicate pseudomonas from water supplies. Despite
increasing awareness of the possibility of aspergillus infection,
use of caspofungin, usually given empirically, fell [11].

Steroids were widely used in both waves, but tocilizumab
was introduced during the second [6]. While tocilizumab and
earlier use of steroids are immunosuppressive, they may pro-
mote more rapid recovery and reduced need for mechanical
ventilation. This could, in turn, reduce the risk of secondary
infection. The absence of individual patient-level data on
comorbidities and other treatments including mechanical
ventilation in our cohort limits interpretation. However, there
was no significant difference in the length of ICU stay between
the two waves and neither dexamethasone nor tocilizumab
appeared to increase the risk of bacteraemia in this cohort of
patients [6].

In our study, clinically significant isolates were found in
19.4% across the two waves, Klebsiella spp. and enterococci
being the most common. Among 48,902 patients admitted to
hospital in a multi-centre UK study in the first wave, 8.1% of
6157 blood cultures were positive, S. aureus and E.coli being
the most common organisms [12]. In a study of UK critical care
units, S. aureus and S. pneumoniae were the most common
causes of co-infection (<48 h of admission), though
K. pneumoniae, E. coli, and Pseudomonas aeruginosa pre-
dominated for nosocomial secondary infections [13]. Mortality
was more frequent in those with bacterial infections. A retro-
spective study of bacteraemia in hospitalized COVID-19
patients showed low rates of Enterobacterales and high rates
of coagulase-negative staphylococci in the first wave compared
with pre-pandemic rates [14]. Less abdominal surgery and use
of unfamiliar protective equipment were cited as possible
causes. Patients admitted to critical care were much more
likely to have bacteraemia and/or positive respiratory cultures
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than ward-level patients. Microbiologically confirmed co-/
secondary bacterial infections in COVID-19 have been reported
to occur in only 1% of hospital patients but case fatality rates
are higher than in those without co-infection, when adjusted
for age and sex [15].

Reassuringly, there were few multi-resistant bacterial iso-
lates from blood and no significant differences between waves.
In a Greek ICU, where resistant rates were high prior to COVID-
19, extensively drug-resistant Acinetobacter baumannii and
K. pneumoniae bacteraemia were reported in 14% and 8% of
COVID-19 patients, respectively [16].

Over-prescription of antimicrobials in patients with COVID-
19 infection has been a widespread problem internationally,
involving 80e100% of patients admitted with COVID-19 infec-
tion, particularly in critical care units [17]. Antimicrobial
stewardship has been affected adversely by the COVID-19
pandemic. In a UK survey, 65% of respondents thought that
audit, quality improvement, education and multi-disciplinary
meetings had been suboptimal [18]. Together with the
impact on manpower, there has been a major pressure on the
emergence and spread of resistance. In hospitalized patients in
Korea, multidrug-resistant organisms were found in 8.6% of
patients and were more common in those receiving treatment
with steroids [19]. In a point prevalence survey in Scotland,
one-third of 820 hospitalized patients with COVID-19 received
an antibiotic for respiratory infection on the day of the survey.
Around 60% of prescriptions followed local antimicrobial
stewardship guidelines, with 12 of the 16 courses of mero-
penem being used in critical care [20]. In a retrospectively
selected sample in one hospital in the first wave, compliance
with a specific local antimicrobial stewardship guideline was
assessed [21]. Courses on general wards were longer than
necessary even though co-infection was rare. Prescriptions in
ICU were more frequently changed than on general wards and
patients were less likely to have had antibiotics on admission.
Overall, antibiotics could have been stopped in a quarter of
patients who showed classic COVID-19 presentation.

There are limitations to our study. These are results from a
single centre and may not be generalizable to other hospitals.
Although demographic and antibiotic use data were collected
prospectively, some microbiological data were collected
retrospectively. The data preceding the pandemic were part
of a national surveillance scheme (ICCQIP) and relate to a
different patient population in the ICU, notably a high pro-
portion of haematology/oncology patients [7]. The data were
not adjusted for confounders such as patient comorbidities
and duration of mechanical ventilation. No bacterial patho-
gens were isolated in many patients treated with antibiotics.
Days of antibiotic use have been collected rather than dose
and weight, but these are likely to be more reflective of usage
than defined daily doses, which were different from local dose
regimens in most cases. Although duration of central venous
catheter placement was collected routinely prior to the
pandemic, this was stopped during each wave as the result of
staff pressures.

Infection prevention and control knowledge and manage-
ment of COVID-19 changed throughout the pandemic.
National personal protective equipment (PPE) guidance from
Public Health England changed. SARS-CoV-2 was initially
categorized as High Consequence Infectious Disease but then
downgraded on March 19th, 2020 [22]. Education by the
infection prevention team on safe donning and doffing of
HCID PPE included double gloving and not exposing skin.
Protection focused on self-protection rather than infection
prevention and control practice. Healthcare workers were
challenged with new guidelines and practices to protect
themselves. When continued glove use was no longer rec-
ommended, this embedded practice was difficult to change,
and reduced hand hygiene contributed to the risk of trans-
mission. Others have found a decline in hand hygiene com-
pliance during this time [23].

Antibiotic use in critical care is often based on clinical
concern about a deteriorating patient with non-specific signs
rather than microbiological evidence for infection. Reducing
broad-spectrum antimicrobial use in the second wave of
COVID-19 compared with the first wave did not significantly
affect mortality in critically ill patients. At times of severe
pressure on the frontline medical and nursing staff, micro-
biological and infection control liaison needs to be robust to
ensure safe and effective treatment.
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