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S U M M A R Y

Introduction: Infection control measures are effective for nosocomial COVID-19 pre-
vention but bear substantial health-economic costs, motivating their “de-escalation” in
settings at low risk of SARS-CoV-2 transmission. Yet consequences of de-escalation are
difficult to predict, particularly in light of novel variants and heterogeneous population
immunity.
Aim: To estimate how infection control measure de-escalation influences nosocomial
COVID-19 risk.
Methods: An individual-based transmission model was used to simulate SARS-CoV-2 out-
breaks and control measure de-escalation in a French long-term care hospital with multi-
modal control measures in place (testing and isolation, universal masking, single-occupant
rooms). Estimates of COVID-19 case fatality rates (CFRs) from reported outbreaks were
used to quantify excess COVID-19 mortality due to de-escalation.
Results: In a population fully susceptible to infection, de-escalating both universal
masking and single rooms resulted in hospital-wide outbreaks of 114 (95% CI: 103e125)
excess infections, compared with five (three to seven) excess infections when de-
escalating only universal masking or 15 (11e18) when de-escalating only single rooms.
When de-escalating both measures and applying CFRs from the first wave of COVID-19,
excess patient mortality ranged from 1.57 (1.41e1.71) to 9.66 (8.73e10.57) excess
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deaths/1000 patient-days. By contrast, when applying CFRs from subsequent pandemic
waves and assuming susceptibility to infection among 40e60% of individuals, excess
mortality ranged from 0 (0e0) to 0.92 (0.77e1.07) excess deaths/1000 patient-days.
Conclusions: The de-escalation of bundled COVID-19 control measures may facilitate
widespread nosocomial SARS-CoV-2 transmission. However, excess mortality is probably
limited in populations at least moderately immune to infection and given CFRs resembling
those estimated during the ‘post-vaccine’ era.

ª 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

Infection control measures adopted to prevent SARS-CoV-2
transmission in healthcare settings have proven widely effec-
tive for nosocomial COVID-19 prevention [1e3]. However,
stringent measures are difficult to sustain over extended
periods, as they bear substantial economic costs, impose
occupational burden on healthcare workers (HCWs), and can
interfere with patient health and wellbeing [4]. Social isolation
during COVID-19 quarantines and lockdowns, for example, has
been associated with worsened mental health outcomes among
people living and working in healthcare facilities [5,6]. Such
health and economic costs motivate decision makers to con-
sider scaling back or ‘de-escalating’ COVID-19 control meas-
ures in facilities not experiencing significant COVID-19 burden,
or those deemed at low risk of nosocomial spread. In many
healthcare settings worldwide, COVID-19 control measures
have already been lifted or largely scaled back. Yet benefits of
de-escalation must be weighed against potential costs,
including the exacerbation of SARS-CoV-2 outbreak risk and any
excess infection burden that may result.

In the face of high levels of community SARS-CoV-2 trans-
mission, but great declines in COVID-19 morbidity andmortality
since the early days of the pandemic, it is difficult to predict to
what extent the de-escalation of infection control measures
such as universal masking may amplify nosocomial spread and
imperil patient safety [7]. A recent retrospective cohort study
evaluating the relaxation of universal SARS-CoV-2 testing in a
Singaporean hospital highlights challenges in estimating de-
escalation’s impacts in real-world settings, in particular given
high rates of asymptomatic infection and potential asynchrony
in the timing of de-escalation and local surges in transmission
[8].

Mathematical models have been used extensively to predict
the epidemiological impacts of COVID-19 control measures in
healthcare settings when real-world clinical evidence has been
lacking [9]. It seems obvious from simple models that de-
escalating COVID-19 control measures could create the epi-
demiological conditions necessary for a large nosocomial out-
break, with consequences of de-escalation depending on
population-specific levels of susceptibility to infection and
disease (Supplementary Box A1). However, while simple mod-
els are helpful for conceptualizing epidemic risk in a general
sense, robust models fitted to detailed empirical data are
needed to capture realistic nosocomial transmission dynamics,
and to provide more credible estimates of de-escalation risk in
specific settings. For example, a model of nursing homes in the
USA predicted that de-escalating routine asymptomatic SARS-
CoV-2 testing is likely to be safe in facilities with high
vaccine coverage, especially when community infection inci-
dence is low [10]. However, it remains unclear how de-
escalating diverse COVID-19 control interventions is likely to
impact outbreak risk in different types of healthcare settings,
and in particular given the emergence of novel variants circu-
lating among patients and HCWs with increasingly complex
immunological histories.

Here, to investigate impacts of COVID-19 control measure
de-escalation on nosocomial COVID-19 risk, we conducted a
mathematical modelling study using an individual-based SARS-
CoV-2 transmission model fitted to high-resolution inter-indi-
vidual contact data from a long-term care hospital in France.
Methods

Simulating SARS-CoV-2 outbreaks using an individual-
based transmission model

SARS-CoV-2 outbreaks were simulated using CTCmodeler
(‘the model’), a previously developed, stochastic, individual-
based SARS-CoV-2 transmission model programmed in Cþþ.
This model is designed to reproduce the demography and
contact behaviours of patients and HCWs in a five-ward, 170-
bed rehabilitation hospital in northern France. It has been
used previously to simulate COVID-19 outbreaks and evaluate
control interventions in the long-term care hospital setting
[11,12]. Briefly, the model simulates: (i) synthetic contact
networks, describing inter-individual contact among patients
and staff in the hospital; (ii) the potential transmission of SARS-
CoV-2 within the hospital during contacts between infectious
and susceptible individuals; and (iii) the natural progression of
SARS-CoV-2 infection, following a modified Susceptible-
Exposed-Infectious-Recovered process accounting for various
infection pathways. In the Supplementary data, we describe
our model according to the MInD-Healthcare framework [13],
including details on our modelling assumptions regarding SARS-
CoV-2 infection, symptom profiles and the management of
COVID-19 cases. A model schematic is provided in
Supplementary Figure S2 and model parameters are reported in
Supplementary Table S3.

Contact networks simulated by the model are dynamic and
describe all contacts that all individuals in the facility have
with one another over time, within a distance of 1.5 m and over
30-s time intervals. These synthetic contact networks are fitted
to high-resolution, close-proximity interaction data recorded
within the hospital by radio frequency identification devices
worn by approximately 90% of all patients and staff over a
three-month period. These data were originally collected in

http://creativecommons.org/licenses/by/4.0/
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2009 from a rehabilitation hospital in Berck-sur-Mer, France, as
part of the i-Bird (Individual-Based Investigation of Resistance
Dissemination) study. Note that the patient population of this
hospital was relatively mobile, and most patients shared rooms
and participated in social activities. This translates to high
rates of patientepatient contact relative to standard acute-
care facilities. See Duval et al. for a detailed description of
these contact data [14].
COVID-19 control measures implemented

We implemented a range of COVID-19 control measures in
the model. First, we assumed increased availability of standard
infection prevention and control (IPC) resources (e.g., for hand
hygiene, droplet precautions) among HCWs relative to pre-
pandemic baseline. Second, we implemented routine sympto-
matic reverse transcription polymerase chain reaction (RT-
PCR) testing with imperfect diagnostic sensitivity among
patients presenting with COVID-19 symptoms. Patients diag-
nosed with COVID-19 were isolated from other patients while
maintaining their necessary daily contacts with HCWs. For
members of staff, we assumed a policy of at-home rapid
diagnostic testing upon COVID-19 symptom onset, and assumed
that staff with positive tests were put on mandatory sick leave
and replaced for the duration of their illness by stand-by staff.
Third, we implemented universal masking among both patients
and staff, which was assumed to reduce SARS-CoV-2 trans-
mission risk during inter-individual contact by 80% relative to
no-intervention baseline, as estimated by Liang et al. [15].
Finally, we considered single patient rooms as an intervention
designed to reduce the risk of patient-to-patient transmission.
This was conceptualized as the installation of materials that
improve ventilation and/or physically separate individuals
inhabiting the same room (e.g., curtains, tarps), and was
implemented in the model as the severing of overnight
patientepatient contacts.
De-escalation scenarios, simulation initialization and
sensitivity analyses

Model simulations were conducted to quantify nosocomial
COVID-19 burden across a range of epidemiological scenarios.
In each scenario, we varied the COVID-19 control measures in
place in order to estimate the impact of de-escalation on
nosocomial disease dynamics. We included enhanced IPC
availability and routine symptomatic COVID-19 testing in all
scenarios, under the assumption that these measures bear
relatively little health-economic burden and are less likely to
be de-escalated. In our baseline scenario, we further included
universal masking and single rooms. Across three de-escalation
scenarios, we considered the lifting of universal masking, the
lifting of single rooms, and the simultaneous lifting of both
universal masking and single rooms.

Simulations across each scenario were initialized by intro-
ducing a single patient infected with SARS-CoV-2 e the index
case e into the hospital, followed by a low rate of subsequent
introductions equivalent to one patient infected with SARS-
CoV-2 being admitted into the hospital every 12.5 days. We
also assumed that each susceptible HCW had a daily probability
of 0.04% of becoming infected while not at work. These
parameters were calibrated to reflect a period of moderate
community SARS-CoV-2 transmission and importation risk into
the hospital [12]. Simulations were run for four weeks, after
which it was assumed that facilities brought nosocomial SARS-
CoV-2 transmission under control. Due to this short time hori-
zon, we assumed that simulated outbreaks were caused by a
single SARS-CoV-2 variant and that no instances of re-infection
occurred. To account for vaccination and past infection, we
varied the population’s level of susceptibility to infection at
simulation outset, ranging from 0% to 100% by increments of
20%, and accounting for potentially asymmetric susceptibility
across patients and staff.

In sensitivity analyses, we considered alternative index
cases (members of staff infected in the community) and sim-
ulation time horizons (two weeks, 12 weeks), and included the
cancellation of social activities as an alternative ‘social dis-
tancing’ intervention to single rooms. This was implemented as
the severing of all patient triads, i.e., all contacts involving
more than two patients simultaneously, as considered in pre-
vious work [12]. For each combination of variables (four de-
escalation scenarios, three time horizons, two types of index
case, two social distancing interventions, six levels of patient
immunity, six levels of staff immunity), we ran 100 independ-
ent stochastic simulations, resulting in a total of 172,800 dis-
tinct outbreaks.

Epidemiological outcomes

Epidemiological outcomes calculated from outbreak simu-
lations were the index reproduction number (Ri), the number
of wards with hospital-acquired (HA) infection (W), the
cumulative number of HA infections (C), and the population-
adjusted incidence rate (I). The index reproduction number
was calculated as the number of individuals within the hospital
to whom the index case transmitted infection. The number of
wards with HA infection was calculated as the number of wards
in which at least one individual acquired infection from
someone else in the hospital by the end of simulation time.
Cumulative infection numbers were calculated as the total
number of HA infections among both patients and staff within
the hospital by the end of simulation time. The incidence rate
per 1000 person-days was calculated for patients as the
cumulative number of patient infections divided by the
cumulative number of patient bed-days in the hospital over
simulation time (Ipat ¼ Cpat � 1000=dpat), and for staff as the
cumulative number of staff infections divided by the cumu-
lative number of staff working-days (Ihcw ¼ Chcw � 1000=dhcw).

Excess mortality due to de-escalation

To quantify excess COVID-19 mortality due to de-escalation,
wemultiplied the incidence of excess patient infections caused
by de-escalation, Ipatr � Ipat0 , by the case fatality rate (CFR) of
nosocomial COVID-19, s (see Supplementary Box A1). As excess
mortality was estimated retrospectively from simulated daily
outbreak data, we implicitly assumed that death occurs after
the infectious period and that deceased patients are not
replaced by susceptible patients over the simulated outbreak
period. A range of CFR estimates were used, extracted from
clinical studies describing nosocomial SARS-CoV-2 outbreaks in
aged care facilities. Studies screened were those identified in
two systematic reviews by Hashan et al. The first describes
SARS-CoV-2 outbreaks in aged care facilities occurring during



D.R.M. Smith et al. / Journal of Hospital Infection 147 (2024) 47e5550
the ‘first wave’ of the COVID-19 pandemic reported in studies
published by September 2020 [16], and the second describes
SARS-CoV-2 outbreaks in aged care facilities during the ‘post-
vaccine period’ in studies published from December 2020 to
April 2022 [17]. All studies reporting incident cases of patient
SARS-CoV-2 infection and mortality were included. Data
extracted include the date of the first reported infection, the
number of patient infections and deaths, and the SARS-CoV-2
variant(s) that caused the outbreak. For each outbreak, the
CFR was estimated as the number of deaths among patients
infected with COVID-19 divided by the number of patient
infections. Studies reporting <20 patient infections and out-
breaks caused by an unreported SARS-CoV-2 variant were
excluded. All outbreaks during the first wave were assumed to
be caused by the same index virus.

Statistical reporting

Each outcome is reported as the mean and its 95% con-
fidence interval (CI), calculated from raw simulation output
data (Supplementary Figure S3) using bootstrap resampling
with N ¼ 10,000 replicates. For each de-escalation scenario,
we also calculated the absolute difference of each outcome
relative to the baseline scenario (DRi;DW ;DC;DI), again using
bootstrap resampling with N ¼ 10,000 replicates to calculate
means and 95% CIs.

Ethical approval

The i-Bird study obtained all authorizations required by
French regulations regarding medical research and information
processing. All French IRB-equivalent agencies accorded the i-
Bird programme official approval (CPP 08061; Afssaps 2008-
A01284-51; CCTIRS 08.533; CNIL AT/YPA/SV/SN/GDP/
AR091118 No. 909036). Signed consent by patients and staff
was not required according to the Ethics Committee to which
the project was submitted.

Results

COVID-19 control measures limit nosocomial outbreak
risk

The COVID-19 control measures in place at baseline effec-
tively prevented nosocomial SARS-CoV-2 transmission, even
when assuming complete susceptibility to infection among all
patients and staff at simulation outset. In this scenario, infected
patients admitted into the hospital from the community infec-
ted on average Ri ¼ 0:40 ð95% CI: 0:24; 0:60Þ other patients and
HCWsduring their hospital stay. These index cases resulted in on
average C ¼ 0:84 ð95% CI : 0:54; 1:20Þ cumulative SARS-CoV-2
infections among patients and staff at four weeks. This trans-
lates to an incidence of Ipat ¼ 0:12 ð95% CI : 0:08; 0:18Þ HA
patient infections per 1000 patient-days and Ihcw ¼
0:04 ð95% CI : 0:02; 0:06Þ HA staff infections per 1000 staff-days
(across on average 4506 patient-days and 6945 staff-days
included over the baseline four-week outbreak period). SARS-
CoV-2 transmission was less likely when index cases were
members of staff infected in the community as opposed to
patients (Supplementary Figure S4), due to their lower cumu-
lative rates of contact in this facility.
De-escalating multiple control measures compounds
outbreak risk

Individually, de-escalating either universal masking or single
rooms led to significant increases in SARS-CoV-2 transmission
(Figure 1). Lifting universal masking increased the index
reproduction number to Ri ¼ 1:01 ð95% CI: 0:71; 1:34Þ, result-
ing in DC ¼ 4:88 ð95% CI: 3:22; 6:73Þ excess infections across D
W ¼ 1:05 ð95% CI: 0:72; 1:39Þ additional hospital wards, or
DIpat ¼ 0:65 ð95% CI: 0:40; 0:94Þ excess patient infections/1000
patient-days and DIhcw ¼ 0:28 ð95% CI: 0:19; 0:38Þ excess staff
infections/1000 staff-days. Lifting single rooms increased the
index reproduction number to Ri ¼ 1:53 ð95% CI: 1:21; 1:87Þ,
resulting in DC ¼ 14:72 ð95% CI: 11:46; 18:11Þ excess infections
across DW ¼ 1:37 ð95% CI: 1:06; 1:70Þ additional wards, or
DIpat ¼ 2:79 ð95% CI: 2:17; 3:44Þ excess patient infections/1000
patient-days and DIhcw ¼ 0:31 ð95% CI: 0:24; 0:40Þ excess staff
infections/1000 staff-days. In a sensitivity analysis considering
an alternative social distancing intervention, single rooms was
found to be a more effective intervention for SARS-CoV-2
transmission prevention than the cancellation of group activ-
ities (Supplementary Figure S5).

COVID-19 control measures are synergistic, such that
increases in SARS-CoV-2 transmission resulting from de-
escalating multiple measures simultaneously are much greater
than the sum of increases resulting from de-escalating each
measure independently (Figure 1). When both universal mask-
ing and single roomswere lifted, the index reproduction number
increased to Ri ¼ 3:79 ð95% CI: 3:16; 4:56Þ, resulting in
DC ¼ 114:31 ð95% CI: 102:68; 125:44Þ excess infections across D
W ¼ 4:03 ð95% CI: 3:75; 4:29Þ additional hospital wards, for an
excess DIpat ¼ 18:39 ð95% CI: 16:62; 20:13Þ excess patient
infections/1000 patient-days and
DIhcw ¼ 4:53 ð95% CI: 4:01; 5:04Þ excess HCW infections/1000
staff-days. However, it is important to note that any such
increases depend on the population’s degree of susceptibility to
infection. For instance, when only 60% of patients and staff
were susceptible, lifting both masking and single rooms
increased the index reproduction number to a lesser extent:
from Ri ¼ 0:21 ð95% CI: 0:11; 0:33Þ to Ri ¼ 2:39 ð95% CI: 1:98;
2:84Þ, resulting in DC ¼ 30:69 ð95% CI: 25:81; 35:73Þ excess
infections across DW ¼ 2:69 ð95% CI: 2:34; 3:03Þ additional
wards. When assuming only 20% were susceptible, the index
reproduction number increased from
Ri ¼ 0:08 ð95% CI: 0:03; 0:14Þ to Ri ¼ 0:95 ð95% CI: 0:72; 1:22Þ,
resulting in justDC ¼ 2:42 ð95% CI: 1:78; 3:09Þ excess infections
across DW ¼ 0:76 ð95% CI: 0:60; 0:92Þ additional wards. Asym-
metric levels of immunization among patients and staff further
impacted transmission dynamics, with de-escalation being
considerably riskier when patient immunization was lower than
HCW immunization in this facility (Supplementary Figure S6).
Excess mortality due to de-escalation is highly context
specific

We included COVID-19 CFRs from 36 studies (23 from the
first wave, 13 from subsequent waves) describing SARS-CoV-2
outbreaks occurring in aged care facilities across 14 countries
(Supplementary Table S4). CFRs varied substantially across
healthcare facilities and pandemic periods, ranging from 0.085
to 0.525 over the first wave and from 0 to 0.173 over
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infection. When lifting only universal masking (yellow) or single rooms (blue), the reproduction number of index cases only increased
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D.R.M. Smith et al. / Journal of Hospital Infection 147 (2024) 47e55 51
subsequent waves (Figure 2a). CFRs were applied to our
simulated outbreaks for the full de-escalation scenario, i.e.,
assuming the relaxation of both universal masking and single
rooms. Heterogeneity in CFR estimates translated to sub-
stantial heterogeneity in the estimated burden of excess
mortality due to de-escalation (Figure 2b). In the context of a
patient population wholly susceptible to infection, and when
applying CFRs from the first wave of COVID-19, excess mortality
ranged from 1.57 (95% CI: 1.41, 1.71) to 9.66 (95% CI: 8.73,
10.57) excess patient deaths/1000 patient-days. By contrast,
when applying CFRs from subsequent pandemic waves, and
assuming susceptibility to infection among 40e60% of the
population, excess mortality ranged from 0 (95% CI: 0, 0) to
0.92 (95% CI: 0.77, 1.07) excess patient deaths/1000 patient-
days. It should be noted that these incidence estimates rep-
resent the rate of excess mortality during the outbreak period
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Figure 2. Impacts of de-escalation on excess mortality depend on the case fatality rate (CFR) of COVID-19, which has been highly variable
across healthcare settings and over successive pandemic periods. CFRs were estimated from published studies describing nosocomial
SARS-CoV-2 outbreaks in aged care facilities (a). Mean excess mortality due to de-escalation was calculated by applying these CFR
estimates to the mean excess incidence of nosocomial SARS-CoV-2 infection among hospital patients (b), as estimated by the transmission
model. Here, de-escalation includes the de-escalation of both universal masking and single rooms.
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(four weeks), while lower incidence estimates result when
capturing only early outbreak dynamics (two weeks) or a
timespan exceeding most nosocomial transmission (12 weeks)
(Supplementary Figure S7).

Discussion

This study provides estimates of excess nosocomial COVID-
19 burden due to control measure de-escalation relative to
variable CFR estimates from nosocomial outbreaks over the
first several waves of the COVID-19 pandemic. Using an
individual-based SARS-CoV-2 transmission model fitted to high-
resolution contact data from a French rehabilitation hospital,
we found that de-escalating multiple control measures simul-
taneously could lead to an exponential increase in SARS-CoV-2
transmission risk relative to de-escalating separate measures
independently. However, our model predicts that de-
escalating multiple measures is none the less relatively low
risk among well-immunized patient populations. When roughly
half (40e60%) of the population was susceptible to infection,
and when the CFR was representative of outbreaks during the
‘post-vaccine era’, de-escalating both universal masking and
single rooms led to <1 excess deaths/1000 patient-days over
the outbreak period. However, when the population was wholly
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susceptible to a variant exhibiting a CFR similar to outbreaks
observed during the first wave of the COVID-19 pandemic, de-
escalation led to approximately two to 10 excess deaths/1000
patient-days over the outbreak period. This suggests that the
excess burden of COVID-19 mortality due to de-escalation may
bemore than an order of magnitude greater among populations
with high susceptibility to locally circulating variants (i.e., a
novel and antigenically distinct variant) relative to populations
with moderate to low susceptibility. These findings are con-
sistent with emerging empirical evidence suggesting high
attack rates, but limited mortality, in recent nosocomial epi-
demics occurring during periods of high immunization preva-
lence and reduced COVID-19 control measure adherence
[18e20].

Our results highlight why up to date estimates of population
susceptibility to COVID-19 are essential for predicting con-
sequences of control measure de-escalation. However, fore-
casting nosocomial COVID-19 in any particular setting remains a
great challenge due to its multi-factorial nature. Risks of
infection and disease depend jointly on the prevalence and
virological characteristics of locally circulating variants [21],
the demographic profiles of patients and HCWs [22], their
immunological histories and individual-level risk factors [23],
their behaviours and interactions [24], their access to antiviral
therapies [25], and impacts of any IPC measures in place [26].
Notwithstanding epistemic uncertainty underlying how these
and other factors combine to influence COVID-19 risk, there is
also a lack of data from clinical trials quantifying how the
escalation or de-escalation of IPC measures influence epi-
demiological outcomes [27]. For these reasons, decision-
making around hospital infection control often relies on
crude estimates of viral importation risk (e.g., estimates of the
reproduction number in the community) and population sus-
ceptibility (e.g., vaccination histories or serosurveys). In the
face of such uncertainty, mathematical modeling has emerged
as an important tool to support decision-making around noso-
comial COVID-19 risk management, providing in-silico evidence
regarding the potential costs and benefits of different infection
control strategies [9].

We stress that our results represent estimates of excess
COVID-19 burden due to de-escalation in a simulated long-term
care hospital, using CFR values from reported outbreaks in
aged care facilities published by April 2022 [16,17]. It was
deemed inappropriate to meta-analyze these CFR estimates
due to inconsistency across studies in terms of the definitions
and reporting of COVID-19 cases and deaths. Based on the data
available, it was also not possible to estimate levels of sus-
ceptibility to infection in each respective population at the
start of each outbreak, nor to update model parameters to
represent the specific epidemiological characteristics of par-
ticular SARS-CoV-2 variants (e.g., transmission rates, incuba-
tion periods). For these reasons, our findings do not represent
a-posteriori estimates of de-escalation impact for specific
outbreaks, settings or pandemic periods. Rather, our findings
may serve as a guide to inform de-escalation risk for future
waves of SARS-CoV-2, representing estimates of de-escalation
impact across a broad range of possible levels of population
susceptibility to infection and severe disease. For populations
with access to effective antiviral therapies, excess COVID-19
mortality due to de-escalation may be even lower than pre-
dicted here, at least in the context of SARS-CoV-2 variants no
more virulent than major mid-pandemic lineages such as Alpha
and Delta.

Further, it seems likely that estimates of excess death due
to de-escalation would be further reduced in the context of the
Omicron variant and its various sub-lineages. Although a sys-
tematic review of nosocomial SARS-CoV-2 outbreaks since the
emergence of Omicron is not (yet) available, there is clear
evidence of reduced rates of severe disease and death relative
to prior variants of concern, due to both reduced viral patho-
genicity and increased population immunity [28,29]. We also
note that the control measures implemented in our simulations
at baseline are underpinned by assumptions of high efficacy
and adherence. This is consistent with findings from a study
conducted during the first wave of COVID-19 in a long-term care
hospital in Paris, in which the basic reproduction number of
SARS-CoV-2 was estimated to drop from approximately 8.7 to
1.3 subsequent to the implementation of multi-modal infection
control measures [30]. None the less, while many healthcare
facilities have successfully contained or avoided nosocomial
SARS-CoV-2 transmission coincident with the implementation
of strict IPC measures, many others have continued to expe-
rience outbreaks despite a range of theoretically effective
measures being firmly in place.

Future work is needed to address a range of outstanding
questions regarding risks of infection control measure de-
escalation. Key interventions not considered here or in pre-
vious work include visitor restrictions, HCW cohorting, and
hand-hygiene interventions [10]. Due to a lack of data, it was
also not possible to consider economic outcomes, nor secon-
dary impacts of COVID-19 control measures on health-related
quality of life. COVID-19 control measures may also influence
the transmission dynamics of pathogens other than SARS-CoV-
2, including multi-drug-resistant bacteria and other common
causes of healthcare-associated infections [31e33]. Finally, it
is unclear how generalizable our findings are to acute health-
care facilities globally, particularly those in low- and middle-
income settings. For instance, our model assumes sufficient
laboratory capacity to return RT-PCR test results within 24 h of
symptom onset, and sufficient resources to subsequently iso-
late positive COVID-19 cases from others in the facility. We also
included a ‘single room’ intervention in our model, because the
presence of multi-bedded rooms has been identified as an
important risk factor for nosocomial COVID-19, and because
many facilities throughout the pandemic have implemented
extensive barriers in shared rooms to isolate patients from one
another [34]. However, many facilities globally lack even basic
IPC resources such as facemasks and alcohol-based hand rub,
let alone the capacity and resources needed to test, trace and
isolate potentially large numbers of patients and staff.

In conclusion, this study has estimated the excess epi-
demiological burden associated with de-escalating COVID-19
control interventions in a long-term care hospital. Just as
bundling multiple interventions together can create synergistic
resilience against nosocomial transmission [35], we show how
the simultaneous de-escalation of multiple measures can lead
to an exponential increase in SARS-CoV-2 transmission risk.
However, impacts of de-escalation in any particular setting
depend most importantly on risks of susceptibility to infection
and severe disease in that population. Such parameters are not
only difficult to estimate but will continue to evolve through
future waves of SARS-CoV-2, in turn leading to oscillation
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between periods where control measures have a large impact
on COVID-19 prevention and should be escalated, and those
where COVID-19 risk is minimal, prompting de-escalation. This
entails an imperative to optimize health-economic investment
in COVID-19 control measure implementation by dynamically
reacting to real epidemic risk. Future efforts to optimize
COVID-19 control measure implementation will benefit from
relevant clinical trial data and improved real-time forecasting
of nosocomial SARS-CoV-2 transmission risk.
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et al. Measuring dynamic social contacts in a rehabilitation hos-
pital: effect of wards, patient and staff characteristics. Sci Rep
2018;8:1686.

[15] Liang M, Gao L, Cheng C, Zhou Q, Uy JP, Heiner K, et al. Efficacy
of face mask in preventing respiratory virus transmission: a sys-
tematic review and meta-analysis. Travel Med Infect Dis
2020;36:101751.

[16] Hashan MR, Smoll N, King C, Ockenden-Muldoon H, Walker J,
Wattiaux A, et al. Epidemiology and clinical features of COVID-19
outbreaks in aged care facilities: a systematic review and meta-
analysis. EClinicalMedicine 2021;33:100771.

[17] Hashan MR, Smoll N, Chapman G, King C, Walker J, Kirk M, et al.
Epidemiology of COVID-19 outbreaks in aged care facilities during
post-vaccine period: a systematic review and meta-analysis. SSRN
2022. https://doi.org/10.2139/ssrn.4181714.

[18] Gopal Rao G, Jinjika S, James D, Mukombe N, Patel B,
Chietcheu A, et al. Nosocomial outbreak in a respiratory ward
caused by the SARS-CoV-2 Omicron BA 5.2.1 subvariant associated
with non-severe illness in vaccinated patients. Epidemiol Infect
2023;151:e171.

[19] Dave N, Sjoholm D, Hedberg P, Ternhag A, Granath F,
Verberk JDM, et al. Nosocomial SARS-CoV-2 Infections and Mor-
tality During Unique COVID-19 Epidemic Waves. JAMA Netw Open
2023;6:e2341936.

[20] Pak TR, Rhee C, Wang R, Klompas M. Discontinuation of universal
admission testing for SARS-CoV-2 and hospital-onset COVID-19
infections in England and Scotland. JAMA Intern Med
2023;183:877e80.

[21] Vihta KD, Pouwels KB, Peto TEA, Pritchard E, House T, Studley R,
et al. Omicron-associated changes in SARS-CoV-2 symptoms in the
United Kingdom. Clin Infect Dis 2022;76:e133e41.

[22] O’Driscoll M, Ribeiro Dos Santos G, Wang L, Cummings DAT,
Azman AS, Paireau J, et al. Age-specific mortality and immunity
patterns of SARS-CoV-2. Nature 2021;590:140e5.

https://doi.org/10.1016/j.jhin.2024.02.020
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref2
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref2
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref2
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref2
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref2
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref3
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref3
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref3
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref3
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref3
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref3
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref4
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref4
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref4
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref4
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref5
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref5
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref5
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref5
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref6
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref6
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref6
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref7
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref7
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref8
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref8
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref8
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref8
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref9
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref9
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref9
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref9
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref9
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref9
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref10
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref10
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref10
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref10
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref10
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref10
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref11
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref11
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref11
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref12
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref12
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref12
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref12
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref13
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref13
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref13
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref13
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref13
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref13
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref14
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref14
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref14
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref14
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref15
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref15
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref15
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref15
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref16
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref16
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref16
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref16
https://doi.org/10.2139/ssrn.4181714
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref18
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref18
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref18
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref18
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref18
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref19
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref19
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref19
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref19
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref20
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref20
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref20
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref20
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref20
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref21
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref21
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref21
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref21
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref22
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref22
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref22
http://refhub.elsevier.com/S0195-6701(24)00078-1/sref22


D.R.M. Smith et al. / Journal of Hospital Infection 147 (2024) 47e55 55
[23] COVID-19 Forecasting Team. Past SARS-CoV-2 infection pro-
tection against re-infection: a systematic review and meta-
analysis. Lancet 2023;401:833e42.

[24] Temime L, Gustin MP, Duval A, Buetti N, Crépey P, Guillemot D,
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