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ARTICLE INFO SUMMARY
Article history: Background: Nosocomial infections are costly, and airborne transmission is increasingly
Received 11 July 2024 recognized as important for spread. Air cleaning units (ACUs) may reduce transmission, but
Accgpted 25 .September 2024 little research has focused on their effectiveness on open wards.
Available online 5 October 2024 Aim: To assess whether ACUs reduce nosocomial severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), or other, infections on older adult inpatient wards.
Keywords: Methods: This was a quasi-experimental before-and-after study on two intervention
Infection prevention and —control ward pairs in a UK teaching hospital. Infections were identified using routinely
control collected electronic health record data during 1 year of ACU implementation and the
Air cleaning units preceding year (‘core study period’). Extended analyses included 6 months of additional
SARS-CoV-2 data from one ward pair following ACU removal. Hazard ratios (HRs) were estimated
Hpspital-acquired infection through Cox regression controlling for age, sex, ward and background infection risk. The
Airborne time that the ACUs were switched on was also recorded for Intervention Ward 2.
T Findings: ACUs were initially feasible, but compliance reduced towards the end of the

study (average operation in first vs second half of ACU time on Intervention Ward 2: 77% vs
53%). In total, 8171 admissions for >48 h (6112 patients, median age 85 years) were
included. Overall, the incidence of ward-acquired SARS-CoV-2 was 3.8%. ACU imple-
mentation was associated with a non-significant trend of lower hazard for SARS-CoV-2
infection [HR core study period 0.90, 95% confidence interval (Cl) 0.53—1.52; HR
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extended study period 0.78, 95% Cl 0.53—1.14]. Only 1.5% of admissions resulted in other
notable ward-acquired infections.

Conclusion: ACUs may reduce SARS-CoV-2 infection to a clinically meaningfully degree.
Larger studies could reduce uncertainty, perhaps using a crossover design, and factors
influencing acceptability to staff and patients should be explored further.

© 2024 The Authors. Published by Elsevier Ltd

on behalf of The Healthcare Infection Society. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Healthcare-associated infections are common and costly,
due, in part, to prolonged hospital stays and excess mortality
[1]. Hospitalized older adults are at higher risk of negative
health outcomes [2,3], and this intensifies the system-wide
strain on healthcare services, necessitating bed closures or
cohorting patients. Additionally, nosocomial spread to health-
care workers (HCWs) can increase levels of absence, morbidity
and mortality in HCWs [4].

Nosocomial spread accounted for an estimated 10—20% of
infections in hospitalized patients during the first wave of the
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
pandemic [5,6], consistent with experiences from past influ-
enza seasons [7—10]. Additionally, respiratory viruses account
for one-fifth of all healthcare-associated infections [1]. Infec-
tion prevention and control (IPC) measures directed against
respiratory viruses prior to the SARS-CoV-2 pandemic focused
predominantly on droplet or splash, as well as fomite, routes of
spread. Airborne transmission [through the air via infectious
respiratory particles (IRPs)] received less attention [11].
However, during the pandemic, evidence increasingly indi-
cated that this is the dominant route of transmission for SARS-
CoV-2 [11-13].

Air cleaning units (ACUs) can remove SARS-CoV-2 and other
IRPs that remain suspended in the air [14]. Previous work has
demonstrated the efficacy of ACUs and improved ventilation in
reducing infections [15—24]. However, these studies were
mainly restricted to operating theatres, isolation rooms and
dressing rooms for burns patients [25]. Few studies have been

I terven tion 1 |
Control 1 |

Intervention 2
Control 2

conducted in the setting of an open ward, or with a focus on
older adult inpatients.

This study aimed to assess whether the implementation of
ACUs in older adult inpatient medical wards is feasible, and can
reduce the incidence of nosocomial infections — either SARS-
CoV-2 or other common nosocomial pathogens. It is part of
the Addenbrooke’s Air Disinfection Study [26].

Methods

Study design

This quasi-experimental before-and-after controlled study
was conducted within four wards in the Department of Medi-
cine for the Elderly at Addenbrooke’s Hospital, Cambridge, UK.
ACUs were installed on two wards (‘intervention wards’), with
each ward having a corresponding ‘control ward’ to make two
intervention—control ward pairs.

The ‘core study period’ (Figure 1) for each ward pair
included 12 months during ACU operation on the intervention
wards and 12 months prior to ACU installation. When either
ward in a ward pair was used as a coronavirus 2019 (COVID-19)
isolation ward (due to short-term pandemic pressures), the
ward pair was excluded. This only occurred for Ward Pair 2. The
intervention was implemented in September 2021 for Ward Pair
1 and March 2022 for Ward Pair 2.

An ‘extended study period’ was also considered, which
included data for 6 months post ACU removal for Ward Pair 1.
This period was added (prior to unblinding of the statistical
team) because there were few study-ward-acquired infections

m ACU
intervention

m Control

W Extension
(control)

Excluded
|

T 1

Start study ward pair 1

Start ACU intervention ward pair 1

» Time
) 1

End ACU intervention (original study | End extension ward pair 1

29/09/2020 29/09/2021 end) ward pair 1 12/10/2022 31/05/2023
Start study ward pair 2 Start ACU intervention ward pair 2 End study ward pair 2
01/01/2021 23/03/2022 22/03/2023

Figure 1. Schematic of the study design, showing designation of the four study wards over time. Blue, control time period; orange,
intervention time period; navy, extended time period (after intervention removed); transparent, excluded — data when either ward in a
pair was designated as a coronavirus disease 2019 isolation ward were excluded from the study [this only occurred for Ward Pair 2 (30/10/
2021 to 13/11/2022, 04/01/2022 to 15/02/2022 and 06/03/2022 to 01/05/2022 excluded)].


http://creativecommons.org/licenses/by/4.0/

R.C. Brock et al. / Journal of Hospital Infection 155 (2025) 1—8 3

in the pre-ACU period, and it was within the remit of the
existing study approval.

Study population

Patients (age >18 years) were eligible for inclusion in this
study if they were admitted to a study ward during the study
period. Patients were assigned to control and intervention
wards as per standard hospital bed management procedures
that treated all four wards as suitable for the care of older
adults presenting as emergencies, prioritizing older adults
most likely to benefit from comprehensive geriatric assessment
[27]. One of the study wards was fitted with 10 cardiac mon-
itors. Its patient intake differed slightly, but patients were still
under the care of Geriatric Medicine. Patients requiring care
led by a consultant cardiologist were cared for elsewhere, and
were not included in this study.

ACU intervention

Each intervention ward had two AeroTitan 3000 ACUs (Air
Purity, Cambridge, UK) in the corridor, as space and electrical
outlets allowed; and an AeroTitan 2000 ACU in each of four
patient bays. Intervention Ward 2 used noisier ‘Mk2’ models
with 20% higher fan speed compared with ‘Mk1’ models in
Intervention Ward 1. The devices contained ‘G4’ grade pre-
filters, carbon filters and ‘H13’ grade high-efficiency partic-
ulate air filters, with ultraviolet C bulbs behind the filters pri-
marily to disinfect the machine. Nominal air flows for
AeroTitan3000 Mk1 and AeroTitan2000 Mk1 were usually
2250—2550 m>/h and 1500—1700 m3/h, respectively (see Sec-
tion 1.1 in the online supplementary material for full specifi-
cations and locations). The ACUs were fully compliant with
recently released NHS England guidance [28]. The intervention
wards were chosen pragmatically, particularly considering ease
of installation in the existing ward environment.

The study protocol only allowed ACUs to be switched off
during routine maintenance visits, but in practice they could be
switched off by ward staff at any time. Data on the proportion
of time that the ACUs were in operation were available for four
of the units on Intervention Ward 2, enabling assessment of
adherence to the protocol (see Section 1.2 in the online sup-
plementary material).

The control wards contained no study ACUs. However, both
the control and intervention wards occasionally had additional
small ACUs placed on them by the hospital (see Section 1 in the
online supplementary material). These were much less pow-
erful than the study ACUs and were disregarded.

Clinical outcomes

There were two primary outcomes of interest: (i) study-
ward-acquired SARS-CoV-2 infection; and (ii) a composite of
other study-ward-acquired pathogens. The composite endpoint
covered adenovirus, human metapneumovirus, influenza B,
influenza A, parainfluenza, picornavirus, respiratory syncytial
virus, norovirus, Clostridioides difficile, meticillin-resistant
Staphylococcus aureus and meticillin-susceptible S. aureus.
For both endpoints, study-ward-acquired infection was defined
as cases diagnosed >48 h after admission to a study ward, with

no prior positive test for that pathogen during the hospital visit
(see Section 2.1 in the online supplementary material for full
specification of clinical outcomes).

All testing was undertaken as per normal clinical practice;
no additional screening/testing was undertaken. The date and
time of tests for all of the study patients throughout their
hospital stay were extracted from electronic health records
(EHRs), along with patient demographics, medical conditions,
medications, physiological and biochemical test results, and
visit details, as well as hospital-wide SARS-CoV-2 records (see
Section 2.2 in the online supplementary material for the clin-
ical data collected).

Several secondary outcomes were investigated: SARS-CoV-2
after 7 days on the ward, other infections identified through
patients’ culture results, antibiotic usage, deaths, and hospital
re-presentations (see Section 2.1 in the online supplementary
material for full specification of secondary outcomes).

Statistical analyses

Patients were excluded from the study if they were dis-
charged or deceased within the first 48 h of admission to a study
ward, or had a confirmed infection for that particular pathogen
prior to 48 h post admission to the study ward during the same
hospital visit (see Section 2.3 in the online supplementary
material for full definition of study-ward visit).

The primary statistical analysis was pre-specified [26] in line
with the quasi-experimental nature of the study design. The
primary analyses were conducted with ward names de-
identified, meaning the allocation of ACUs to the wards was
blinded to the statistical team. Blinding of the patients and
treating clinicians was not possible.

The pre-specified analysis was a Cox regression for the
instantaneous hazard of infection adjusting for age, sex, ward
and background infection risk (ward and hospital-wide for
SARS-CoV-2, ward only for composite endpoint; see Section 2.4
in the online supplementary material for model details). The
primary quantity of interest was the hazard ratio (HR) in the
presence of an ACU compared with that in the absence of an
ACU. Cox regression accounts directly for variation in patients’
time at risk of infection due to varying length of stay on the
ward, and the included co-variables helped account for varia-
tions in risk of infection [29]. The robustness of the conclusions
from the primary analysis was explored through a range of
sensitivity analyses.

Results
Feasibility and ACU operation

The ACUs on Intervention Ward 2 were initially switched on
for the majority of the time (Figure 2). However, they were
switched off increasingly frequently during the second half of
the intervention period (average operation 77% in first half vs
53% in second half). On Intervention Ward 1, anecdotally, the
study team observed that ACUs were usually switched on during
ward visits throughout the ACU period (e.g. for routine ACU
maintenance or air sensor checking), although objective data
were unavailable.



R.C. Brock et al. / Journal of Hospital Infection 155 (2025) 1—8

[N]
o
5 % 60 F
TE— .|I|.n.JII||I|I.|..n.||||n.n.m|I|||....I||.L..||I|InII...|.IL
S0
R 20
g g 0 m [ | III | =
% 12 + Before (21,5) During (33,7) After (39,11)
% gl
ER s s . . 1 | 1
_ 12F Before (12,6) During (69,12) After (29,18)
ETN.
8 g 8r
z ‘g A
- -
Q 0
Z 0 i = 1
172] >
g g 12+ Before (0,9) During (48,29) 100% 2
E =
25 8r 50% |8
Z o4l S
L =
= 0 . A - - w | g
~ 12F Before (2,6) During (44,20)
g 8t
=
o -
- Moontths
n n IIII
ONDIJ FMAMIJJASONDIJ FMAMIJJASONDIJFMAM
2020 2021 2022 2023
Control (ACU absent) ~ ACU present Composite
Excluded B SARS-CoV-2 M SARS-CoV-2 and composite

Figure 2. Weekly number of infections. Top panel: background severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infections
in terms of the number of new hospital-acquired infections across the whole hospital each week. Bottom four panels: weekly humber of
SARS-CoV-2 and composite cases on each of the wards throughout the study. Blue bars, number of new SARS-CoV-2-positive tests after
48 h; yellow bars, weekly number of composite outcomes; green bars, overlap of yellow and blue bars (i.e. both SARS-CoV-2 and com-
posite cases). Background colours represent whether the time period on that ward was a control period (light yellow), intervention period
when ACU was present (light green), or excluded time period due to one of the ward pair being designated as a coronavirus disease 2019
isolation ward (purple). Numbers in brackets represent the total number of new SARS-CoV-2-positive tests after 48 h and new composite
cases during that study period on each ward. The line graph superimposed on Intervention Ward 2 shows the percentage operation of the

air cleaning unit.

Clinical outcomes

In total, there were 10,371 admissions (7443 unique
patients) to a study ward during the study period, with 8171
admissions (6112 unique patients) lasting > 48 h (3608 before,
3338 during and 1225 after ACU operation; Figure S2 in Section
3.1 in the online supplementary material). The patients were
predominantly white British and had a median age of 85 years.

Patient characteristics were similar across the wards and
time periods (Table | and Table S2, see Section 3.2 in the online
supplementary material for breakdown by ward), including
frailty, severity of acute illness and polypharmacy. Testing
policies changed through time (Table S3, see Section 4.1 in the
online supplementary material), but were always shared across
wards, and implemented similarly within ward pairs (Table S4,
see Section 4.2 in the online supplementary material). Inter-
vention ward patients had a higher median length of stay (8.7
vs 6.6 days; Table 1), largely due to one of the control wards
having a shorter median length of stay than the other wards
throughout the study. However, the total person-days at risk
was similar between the intervention and control wards
(Table I). There were slight differences in the proportion of
patients with a primary reason for hospital stay of ‘infectious

diseases, immune system disorders and other healthcare con-
tacts’ (18% control, 23% intervention) and ‘cardiac’ (20% con-
trol, 11% intervention).

SARS-CoV-2

In total, 229 study-ward-acquired SARS-CoV-2 cases occur-
red during the core study period (35 cases before and 194 cases
during ACU operation), with a further 68 cases in Ward Pair 1
after ACU removal (Figure 2 and Table Il; Table S5, see Section
5.1 in the online supplementary material for breakdown by
ward). Overall, incidence was 3.8% across study-ward stays
>48 h. Weekly case numbers were very ‘spikey’ on all wards,
and across time periods (Figure 2), but with a general increase
over time. Visually, it is clear that the intervention did not
eliminate SARS-CoV-2 ‘spikes’.

In Ward Pair 1, fewer cases occurred on the intervention
ward compared with the control ward during the ACU period,
but not before or after. In both wards in Ward Pair 2, most cases
occurred in the second half of the ACU period. However, for
much of this period, the ACUs were in operation for <80% of the
time, including in all weeks with spikes of four or more cases on
the intervention ward (Figure 2).
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Table |

Patient characteristics for before, during and after the air cleaning units (ACUs) were in operation in the intervention and control wards
(see Section 3.2 in the online supplementary material for a breakdown by individual ward and full category details)

Before ACU During ACU After ACU
Control wards Intervention Control wards Intervention Control ward Intervention
wards wards ward
Admissions, N (unique patients) 2683 (2321) 1941 (1715) 2511 (2220) 1660 (1505) 985 (935) 591 (566)

Admissions >48 h, N (%)

Length of stay®, median days
(range)

Total person-days at risk®

Age?, median (IQR)

Sex?, N female (%)

Ethnicity®, N White British (%)

Reason for hospital stay, N (%)*°

Cardiac

Infectious diseases, immune
system disorders and other
healthcare contacts

1991 (74.4%) 1617 (83.3%)
6.8 (2.0-59.1) 8.0 (2.0-94.6)

14,280

85 (80—90)
1009 (50.7%)
1726 (86.7 %)

14,586

86 (81—90)
1036 (64.1%)
1371 (84.8 %)

365 (18.3%)
376 (18.9%)

174 (10.8%)
365 (22.6%)

Frailty®, median (IQR) 6 (5—6) 6 (5—6)
NEWS2%-¢, median (IQR) 2 (1—-4) 2 (1—-4)
Polypharmacy® ¢ median 8 (6—11) 8 (6—11)

(IQR)

1944 (77.4) 1394 (84.0%) 738 (74.9%) 487 (82.4%)
6.6 (2.0-115.0) 8.7 (2.0-100.9) 6.4 (2.0—65.5) 8.2 (2.0—69.8)

14,472

85 (79—90)
1037 (53.3%)
1690 (86.9%)

14,814
86 (81—90)
743 (53.3%)
1188 (85.2%)

4799

85 (79—90)
415 (56.2%)
626 (84.8 %)

4833

86 (82—90)
243 (49.9%)
407 (83.6 %)

375 (19.3%)
332 (17.1%)

147 (10.5%)
312 (22.4%)

187 (25.3%)
120 (16.3%)

47 (9.7%)
119 (24.4%)

6 (5-6) 6 (5-7) 6 (5-7) 6 (6—7)
2 (1-4) 2 (1-3) 2 (1-4) 2 (1-3)
9 (6—11) 8 (6—11) 9 (7-12) 9 (6—11)

IQR, interquartile range.

2 For all admissions on the ward >48 h, excluding the first 48 h of admission when patients were not ‘at risk’ of infection.
® Primary reason for hospital stay based on Healthcare Resource Group code, assigned after hospital discharge.
¢ Score during hospital visit closest to ward start of patients with a score available (n.b. 41% of patients were missing frailty data).

9 Maximum score in first 24 h on ward.
€ Number of different drugs administered in first 24 h of ward stay.

Table Il

Study-ward-acquired infections from before, during and after the air cleaning units (ACUs) were in operation across the intervention and

control wards

Before ACU During ACU After ACU
Control Intervention Control Intervention Control Intervention
wards wards wards wards ward ward
SARS-CoV-2 (study-ward-acquired
infections)
SARS-CoV-2, N (eligible admissions, N) 14 (1974) 21 (1588) 113 (1859) 81 (1310) 29 (709) 39 (447)
SARS-CoV-2 per 1000 person-days 0.99 1.48 8.66 5.96 6.78 9.65
SARS-CoV-2 post 7 days on ward 7 (0.98) 12 (1.50) 58 (8.93) 49 (5.90) 16 (8.68) 25 (10.75)
(per 1000 person-days)
Composite (study-ward-acquired infections)
Composite, N (eligible admissions, N) 12 (1991) 14 (1617) 32 (1944) 36 (1394) 18 (738) 11 (487)
Composite per 1000 person-days 0.85 0.99 2.28 2.55 3.93 2.35
Proportion of composite outcomes which were:
e Respiratory viruses 0% 0% 19% 25% 72% 27%
e Clostridioides difficile 42% 64% 28% 11% 22% 28%
e Staphylococcus aureus 50% 36% 19% 39% 17% 18%
e Norovirus 8% 0% 34% 25% 0% 37%

SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.

During the core study period, the estimated (adjusted) HR
for infection in the intervention wards during ACU time peri-
ods, compared with the control wards, was 0.90 [95% con-
fidence interval (Cl) 0.53—1.52], with very wide Cls which
overlap with an increase in hazard (see Section 5.2 in the online

supplementary material for estimates of all model coef-
ficients). The estimated effect size is larger (HR 0.78, 95% ClI
0.53—1.14) when including the ‘extended study period’, but
the 95% CI still overlaps an increase in hazard. These findings
were robust to excluding re-infections; altering the definition
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of ward-acquired infections to post 7 days on the ward;
excluding patients with very long hospital stays; and allowing
non-linearity in the effect of continuous variables (see Section
5.3 in the online supplementary material).

Composite infections

A total of 94 study-ward-acquired composite cases occurred
during the core study period, with a further 29 cases in Ward
Pair 1 after ACU removal, overall representing 1.5% of ward
stays >48 h. Composite case numbers per week were generally
low, but with a few ‘spikes’ and a slight upward trend over time
(Figure 2 and Table Il). The largest ‘spike’ was caused by a
norovirus outbreak on Intervention Ward 2 near the end of the
study (Figure 2). As with SARS-CoV-2, it is clear visually that the
intervention did not eliminate ‘spikes’ for the composite out-
come. However, the ACU was in operation for only 35% of the
time during the week of the largest ‘spike’ (Figure 2).

Analysis of the composite endpoint prior to unblinding
indicated that the pre-specified model, with no hospital-wide
background infection risk, did not address confounding suffi-
ciently to be scientifically robust, so only descriptive analysis is
included (see Section 5.4 in the online supplementary material
for model details).

Secondary outcomes

The number of new cultures was relatively stable across
time periods within wards (Table S10 and Figure S7, see Section
6 in the online supplementary material). Overall, 61 unique
species or genuses were first identified from patients’ cultures
>48 h after admission to a study ward (Table 511, see Section
6.1 in the online supplementary material). The total bed-days
lost decreased over time for all wards, but the number of
new antibiotic-days post 48 h per person-days, deaths and re-
presentations showed no clear patterns over time or between
wards (Table S10 and Figure S8, see Section 6 in the online
supplementary material).

Discussion

ACUs were initially a feasible, environmental intervention in
older adult inpatient wards. However, during the last few
months of the study, ACU machines on Intervention Ward 2 were
increasingly not operational. In terms of efficacy, across both
ward pairs, ACUs were associated with a non-significant trend of
reducing ward-acquired SARS-CoV-2 infections (core study
period: 10% lower hazard; extended study period: 22% lower
hazard). In Ward Pair 1, SARS-CoV-2 infections followed a pat-
tern consistent with ACUs reducing cases. Case numbers were
lower on the intervention ward compared with the control ward
in the ‘during ACU’ period, and higher or similar in the periods
before and after. Ward Pair 2 did not show such a consistent
pattern, which reduced the certainty of the findings. However,
evaluation of Ward Pair 2 was limited by very few ward-acquired
SARS-CoV-2 cases in the ‘before ACU’ time period, periods of
exclusion due to one ward being an isolation ward, and low
intervention compliance towards the end of the study. For
example, ACUs were operational <80% of the time for most
weeks, including all weeks with spikes of four or more SARS-
CoV-2 cases. The incidence of composite endpoint cases was

very low, limiting analysis potential, but it is interesting to note
the gradual increase in most endpoint infections over time. In
contrast, the incidence of other secondary endpoint infections,
identified through culture results, remained stable over time.

Low power was the main limitation of this study, as Ward Pair
2 faced some periods of exclusion. In addition, this study only
considered patient cases and excluded HCWs, although HCWs
were less likely to be impacted by the ACUs due to time spent
off the wards. Additionally, although quasi-experimental, there
were some differences between the control and ‘intervention’
populations and, despite adjustment of analyses, residual
confounding remains possible. Testing protocols for SARS-CoV-2
and other infections also changed over time (see Section 4.1 in
the online supplementary material), impacting detection of
asymptomatic cases, although similarly for all wards. Blinding
of bed managers, patients and treating clinicians was also not
possible. However, the availability of ACUs was never part of
hospital bed management policy, and patient characteristics
were found to be stable across the different study phases
through analysis of the comprehensive EHR data describing the
study population. Therefore, there is no evidence that
deployment of study ACUs altered ward allocation decisions.
The strengths of this study were: the authors controlled for
background SARS-CoV-2 infection risk over time; only those
patients under the care of a consultant geriatrician were
included; blinding of the analytical team was ensured; and the
hypotheses and analyses were pre-specified.

A further strength of this work is that few studies examining
ACUs have been conducted in the setting of an open ward or
with a focus on older adults, who are particularly vulnerable to
hospital-acquired infections. Other respiratory viruses will
likely have similar transmission routes to SARS-CoV-2, and the
potential reduction in SARS-CoV-2 observed in this study may
be indicative of the impact that would be observed for respi-
ratory viruses more generally. Whilst speculative, it is impor-
tant to consider the potential impact in order to evaluate the
case for further research. Over the short time-period of a
median ward stay (7 days), a 22% reduction in hazard equates
to approximately a 22% reduction in risk. Taking estimated
impacts of additional NHS treatment costs, additional days in
hospital, and percentage which are respiratory viruses [1], a
crude calculation using 2016/2017 data suggests that a 22%
reduction in nosocomial respiratory infections could save the
NHS on the order of £105 million and 280,000 bed-days per year
(see Section 7 in the online supplementary material). In addi-
tion, reducing nosocomial spread could alter the dynamics of
epidemics and pandemics. Recently published modelling sug-
gests that when community transmission is controlled by a
community lockdown, released in a stepwise manner, reducing
hospital transmission by 25% lowers the community prevalence
of infection by more than half, similarly lowers the prevalence
of infected HCWs, and reduces the total time that society
spends in lockdown restrictions [30]. Thus, the potential effect
size observed in this study, with respect to ACUs and lower
nosocomial transmission, could have a meaningful clinical and
economic impact.

Historically, airborne transmission has received little
attention from hospitals. Over 50% of the NHS estate has his-
toric ventilation systems that fail to meet current technical
guidance [31], even including some newer built hospitals [32].
ACU implementation may provide part of the solution. During
commissioning of the ACU intervention, a large reduction in
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particulates during ACU operation was observed [33], and other
work, on a COVID-19 cohort ward in the study hospital, iden-
tified significant differences in airborne microbial genetic
material between the on and off states of ACUs [14]. There-
fore, ACUs can alter the environment of a medical ward.

However, implementation strategies need to be considered
carefully. To reduce infections, ACUs must not only remove
IRPs when in operation, but — even more fundamentally — must
be operational. There is no prior literature about feasibility or
acceptability of ACUs in clinical environments. The present
results showed a clear drop in ACU compliance in the latter half
of the intervention phase of Ward Pair 2. The most likely reason
is that the ACUs were increasingly switched off in the last few
months of the study. An impact questionnaire of staff and
patients indicated general acceptance of the ACUs but mod-
erate noise disturbance, especially for respondents in Inter-
vention Ward 2 [34]. The drop in compliance exemplifies the
importance of acceptability of interventions, which can be
complex to understand, change over time, and/or be specific
to the clinical setting [34]. For example, it is interesting that
the drop in compliance observed was preceded by cessation of
asymptomatic COVID-19 screening and cohorting of COVID-19
patients at the study centre in the summer of 2022.

The large uncertainty in these estimates would be reduced
by a larger study. Identifying a 22% hazard reduction in a simple
single centre study with a 3.8% incidence rate would require a
sample size of approximately 13,400 patients (see Section 8 in
the online supplementary material), but this is highly
dependent on incidence rate. Additionally, particularly given
the variation between wards and between centres in back-
ground infection risk, a multi-centre crossover cluster
randomized design would be preferable, which would require a
more sophisticated sample size calculation. Including other
hospitals and wards, or different types of implementation
approaches could improve generalizability and help identify
optimum implementation approaches.

In conclusion, this study found that ACUs were feasible on
older adult inpatient wards, but compliance was lower at the
end of the study. Despite this, a non-significant trend suggesting
a lower hazard of SARS-CoV-2 infection with ACUs was observed.
This was driven by data from Ward Pair 1, which showed a
pattern of infection consistent with an ACU effect. Robust
methods were in place to address confounding and minimize
bias in this study, especially with respect to SARS-CoV-2, but it
was not possible to exclude chance. Although this is a limi-
tation, the potential effect size observed could be clinically
meaningful if confirmed in larger studies. Acceptability of ACUs,
or any other air cleaning intervention, and understanding fac-
tors important for compliance is also essential.
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