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Abstract: Background/Objectives: To identify which infection prevention and control (IPC) precautions in long-
term care facilities (LTCF) were associated with reduced COVID-19 incidence and mortality among residents
and reduced COVID-19 incidence in health care professionals (HCP). Design: Retrospective data on self-
assessment of adherence to 101 IPC measures collected via an online questionnaire sent to 825 nursing homes
in France in December 2020. Setting and participants: Medical and administrative staff jointly reported data on
IPC measures, characteristics of LTCF, counts of residents’ COVID-19 deaths and cases, and counts of HCP
cases. Measurements: Random forest models were used to identify the most important IPC measures associated
with reduced number of COVID-19 deaths and cases in residents and cases in HCP. The identified variables were
then included in linear regression models to estimate the association between levels of adherence to each selected
IPC measure and COVID-19 deaths and cases. No data on time of IPC measures implementation were collected.
Results: Data from 307 LTCF (37.2%) were collected, accounting for 22,214 residents. A higher number of
COVID-19 deaths in residents was associated with a better adherence to physical distancing in group activity
rooms. A better adherence by HCP to physical distancing during their mealtimes and break times was associated
with fewer COVID-19 cases among residents and HCP. Other IPC measures were not significantly associated
with COVID-19 cases or deaths. Conclusion: Physical distancing between residents was more implemented when
LTCF had been confronted with COVID-19 deaths. Physical distancing between HCP was associated with fewer
COVID-19 cases in residents and HCP, suggesting it may prevent significantly COVID-19 spreading in LTCF.
HCP should particularly adhere to physical distancing measures during their mealtimes and break times. A higher
adherence to such preventive measures does not require extra material or human resources and may be easily
achievable.
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Introduction

The prevalence of COVID-19 is considerably larger in long-
term care facilities (LTCF) than in the community (1-4) despite
progressive implementation of measures of infection prevention
and control (IPC) since first outbreaks (5). In January 2021,
the World Health Organization (WHO) issued update advice
on IPC precautions to be implemented in LTCF in the context
of COVID-19 (6), comprising nine critical IPC policies and
procedures, four critical measures to ensure early detection of
cases, and five immediate precautions to implement when a
resident is identified as a suspected or confirmed case.

The adherence to these IPC measures in the long run by
health care professionals (HCP), residents, and their relatives is
yet challenging (7-9) since IPC measures can impair residents’
and their relatives’ psychosocial well-being (8, 10, 11), and
HCP’s work satisfaction (12).

Qualitative and quantitative reduction in the implementation
of recommended IPC precautions in LTCF may be better
accepted by HCP and residents but may in turn be less effective
in limiting COVID-19 incidence and mortality.

The objectives of this study were to identify which IPC
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measures in LTCF were associated with reduced COVID-
19 incidence and mortality among residents and COVID-19
incidence in HCP.

Methods

Design, data collection and study population

All 825 LTCEF in the Occitania Region of France were
sent a questionnaire to self-assess their adherence to 101
IPC measures. Descriptive LTCF-level data which could be
associated with COVID-19 spreading were retrieved, including
the number of residents (13-17), ownership (17-20), and
presence of a laundry service on-site (6, 21, 22). No resident-
level data were collected. LTCF administrative and medical
staff jointly collected data on number of COVID-19 cases
among HCP and residents, and number of COVID-19 deaths
over up to four possible outbreaks before December 2020. IPC
measures could have been implemented at any time before
data collection, either before or after COVID-19 cases were
diagnosed in the facility, and no data on time of implementation
were collected.
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Table 1
Characteristics of participating long term care facilities (n=307)

N (%) Mean (SD)
Number of beds 72.4(30.8)
Laundry service 266 (86.6)
Ownership Private for-profit 57 (18.6)
Private not-for-profit 111 (36.2)
Public 139 (45.3)
Number of deaths among residents, per 100 residents (n=204) 29(5.5)
Number of cases among residents, per 100 residents (n=204) 183 (23.4)
Number of cases among staff, per 100 residents (n=200) 9.0 (11.9)
COVID-free (no deaths and no cases among staff and residents) 78 (254)
Outcome measures Statistical analyses

The main outcome measure was the number of COVID-19
residents’ deaths, used as a proportion of the total number of
beds in the facility. Secondary outcomes were the number of
COVID-19 residents’ cases and HCP cases, used as proportions
of the total number of beds. Each outcome was calculated as
follows:

Outcome = 100 x Number of COVID-19 cases (or deaths) /
Number of beds

In France, the number of HCP related to the number of
residents, whatever public or private institution, is defined by
the regional health agency (RHA) and is globally identical from
one LTCF to another.

Covariates

All explored IPC measures were described in Supplemental
Figure 1. For each measure, the four possible answers, defining
the level of implementation of the IPC measures in the LTCF,
were “never”, “insufficiently”, “regularly” and “always”. In
practice, all LTCFs in Occitania were invited by email by the
RHA and the investigating Hospital to provide a questionnaire
to judge the quality of the preventive measures against COVID-
19 currently engaged in the institution. The LTCF leadership
team (i.e., the medical coordinator, the nurse coordinator, and
the principal) had to answer the questions. In order to ensure
that the answers given were objective and without fear of
criticism or derogatory judgment, the results of the survey
were not returned by name to the RHA. The questionnaire was
directly fulfilled online and validated by the LTCF’s team in
a way that no missing data on adherence to IPC measures was
possible.

Ownership was defined as public, private non-profit and
private for-profit. The size of the LTCF was defined as the
number of permanent authorized beds.
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Random forest (RF) models were used to analyze
the importance of each variable (the 101 IPC measures) in
predicting the dependent variables (COVID-19 mortality or
incidence in residents and COVID-19 incidence in HCP). A
10-fold cross-validation was used for RF model hypertuning
over a tree number from 200 to 2000 and an entry number
of independent variables from 3 to 13. Root mean square
error (RMSE) was used for hypertuning evaluation and the
hypertuning parameters (i.e., tree number and independent
variable entry number) yielding the smallest RMSE value were
selected as optimal parameters. With the optimal parameters,
a final RF model was built for each dependent variable. The
importance of each independent variable in the RF model was
evaluated using the percentage increase in mean square error
(%IncMSE), which shows the percentage increase in MSE
when corresponding independent variable is permuted. A
higher %IncMSE indicates a greater importance of the variable
to predict the outcome.

The most important independent variables were finally
included in multivariate linear models to obtain regression
coefficients, while keeping the number of observations per
degree of freedom of each model over ten. Independent
variables were used as categorical, with the category “never”
being the reference.

RF models were performed in R (version 4.0.3). Regression
models were performed in Stata (version 16.1).

Results

A total of 307 LTCEF filled out the questionnaire between
November 30th, 2020 and December 16th, 2020, describing
IPC precautions and practices applied to 22,214 residents.
LTCF’s characteristics were presented in Table 1.

The three final regression models were presented in Table 2.

The ten most important variables as identified by the RF
model on the number of residents’ deaths were presented
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Table 2
Final regression models on number of COVID deaths among residents, and number of COVID cases among residents and among
healthcare professionals (HCP)

Variable Adherence level, Coefficient p 95%CI1
compared to never

Number of deaths per 100 residents (n=204, R?>=0.15, 20 degrees of freedom)

Reception area is disinfected Insufficiently 1.96 0.587 -5.14 9.06
Regularly 527 0.116 0.007 -1.31 11.84
Always 1.46 0.649 -4.87 7.80
HCP physical distancing and maximal room occupancy are applied in elevators Insufficiently 2.11 0.295 -1.86 6.07
Regularly 1.20 0436 0753 -1.84 424
Always 0.76 0.590 -2.03 3.56
The surface of activities rooms and residents’ break time rooms is at least 4m? per resident Insufficiently 245 0.164 -1.01 5.90
Regularly 324 0.032 0.047 0.28 6.20
Always 3.89 0.006 1.12 6.66
IPC procedures in case of epidemics are protocoled Insufficiently 1.28 0.860 -13.05 15.61
Regularly 321 0.592 0.863 -8.57 14.99
Always 228 0.704 -9.51 14.06
Physical distancing and touch avoidance (PDTA) are applied with other HCP whenever possible, Regularly 1.71 0.274 -1.37 4.79
including during breaks 0.093
Always -0.06 0972 -3.20 3.09
Access to external medical or non-medical human resources is possible if needed Insufficiently -0.85 0.785 -7.00 5.30
Regularly 0.11 0.971 0941 -5.55 5.76
Always 0.26 0.927 -5.25 5.76
Recommended hygiene measures are followed when handling water bottles and trays in dining hall Insufficiently -3.17 0.172 -7.73 1.39
Regularly -3.68 0.077 0082 -1.76 0.40
Always -1.30 0.518 -5.27 2.67

Number of cases among residents, per 100 residents (n=193, R*>=0.21, 19 degrees of freedom)

Reception area is disinfected Insufficiently 18.04 0.235 -11.87 4795
Regularly 24.13 0.084 0227 -332 51.57
Always 16.03 0.241 -10.88 4294
HCP physical distancing during mealtimes and break times is at least one meter Insufficiently -40.11 0.002 -6552 -14.71
Regularly -28.67 0.020 0.009 -52.68 -4.67
Always -25.16 0.042 -49.37 -0.95
Entry and exit paths are physically separated or delimited by floor markings Insufficiently 14.55 0.019 242 26.67
Regularly 444 0426 0057 -6.55 1543
Always -0.32 0.945 -9.38 8.75
Recommended hygiene measures are followed when handling water bottles and trays in dining hall Insufficiently -5.06 0.605 -24.34 14.22
Regularly -11.67 0.176 0284 -28.61 527
Always -4.95 0.554 -21.44 11.54
Physiotherapists always wear N95 masks when with residents Yes 8.94 0.032 0.78 17.10
Occupational medicine services are available to staff Insufficiently 497 0.328 -5.02 14.97
Regularly -3.08 0.507 0452 -12.22 6.07
Always -0.11 0.980 -8.79 8.58
Staff cohorting is implemented in dedicated COVID-19 units Insufficiently -1.75 0.798 -1522 11.73
Regularly -4.28 0.510 0.740 -17.07 8.52
Always -4.43 0.292 -12.71 3.84
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Table 2 (continued)
Final regression models on number of COVID deaths among residents, and number of COVID cases among residents and among
healthcare professionals (HCP)

Variable Adherence level, Coefficient p 95% CI
compared to never

Number of cases among staff, per 100 residents (n=200, R’>=0.18, 18 degrees of freedom)

COVID-19 prevention plan included external care providers’ interventions Insufficiently 529 0.606 -14.90 2548
Regularly -4.90 0.378 0317 -15.84 6.04
Always -6.76 0216 -17.52 3.99

HCP physical distancing during mealtimes and break times is at least one meter Insufficiently -20.43 0.003 -33.69 -7.17
Regularly -12.86 0.046 0014 -25.50 -0.22
Always -14.78 0.020 -27.18 -2.38

The surface of activities rooms and break time rooms is at least 4m? per resident Insufficiently -1.27 0.739 -8.77 6.24
Regularly 3.61 0.305 0.169 -3.33 10.55
Always 4.53 0.167 -1.91 10.98

Residents’ escort outside to take ambulances is protocoled Insufficiently -5.10 0.076 -10.75 0.54
Regularly -3.16 0.209 0264 -8.10 1.79
Always -3.78 0.094 -8.22 0.65

PDTA are applied between residents during meals Insufficiently 1.24 0.780 -748 9.95
Regularly 091 0.821 0293 -7.00 8.82
Always 4.56 0.230 -2.92 12.04

A face mask is worn by visitors at all times of the visit Insufficiently 20.87 0.088 -3.13 44 .88
Regularly 13.27 0.255 0.197 -9.66 36.20
Always 13.50 0.241 -9.14 36.14

in Supplemental Figure 2. The seven most important IPC
measures were used in the regression model on the number of
residents’ deaths, with %IncMSE ranging from 4.40 to 7.35. A
higher number of COVID-19 deaths in residents was associated
with a better adherence to physical distancing between
residents in activity rooms: compared to “never”, coefficients
for “regularly” and “always” were significantly positive. The
number of COVID-19 residents’ deaths was also significantly
higher in LTCF that implemented reception area disinfection
“regularly” rather than “always” (coefficient 3.80 [1.64, 5.96]).
None of the five other variables were significantly associated
with the number of residents’ deaths.

The ten most important variables as identified by the RF
model on the number of residents’ cases were presented
in Supplemental Figure 3. The seven most important IPC
measures were used in the regression model on the number of
residents’ cases, with %IncMSE ranging from 2.34 to 3.73. A
better adherence by HCP to physical distancing of at least one-
meter during their mealtimes and break times was associated
with fewer COVID-19 cases among residents: compared to
“never”, coefficients for “insufficiently”, “regularly” and
“always” were significantly positive. None of the six other
variables were significantly associated with the number of
residents’ cases.

The ten most important variables as identified by the RF
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model on the number of HCP cases presented in Supplemental
Figure 4. The six most important IPC measures were used
in the regression model on the number of HCP cases, with
%IncMSE ranging from 2.27 to 3.37. A better adherence
by HCP to physical distancing of at least one-meter during
their mealtimes and break times was also associated with
fewer COVID-19 cases among HCP: compared to “never”,
coefficients for “insufficiently”, “regularly” and “always” were
significantly positive. None of the five other variables were

significantly associated with the number of HCP cases.
Discussion

This study highlights the importance of physical distancing
in preventing the spread of COVID-19 in LTCF, especially
among HCP during critical moments of the day at work like
mealtimes and break times. WHO has widely recommended
physical distancing, including between HCP during their breaks
(6), suggesting that it prevents transmission of COVID-19
between HCP. The recommended distance was increased from
one to two meters in general population in France after the
emergence of new variants of SARS-CoV2 (23). Our results
confirm that physical distancing of HCP during their breaks is
also associated with the prevention of transmission to residents.
The applicability and acceptability of such IPC measures
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seem high, as they do not require extra staffing nor expensive
material, and could be implemented despite shortages of HCP
(24).

The level of adherence to certain IPC measures may increase
as the number of cases and deaths increases in the LTCF,
demonstrating the adaptation of HCP during an epidemic by
strengthening precautions. This was illustrated in our study
by the association between a fairly abstract measure (the area
of activity rooms being at least 4m? per resident) and a higher
number of resident deaths. We explain this association by
considering that the measure was all the more implemented
when the institution had been confronted with deaths related to
COVID-19.

The use of random forest models was a novel approach and
allowed to investigate a high number of IPC measures and
levels of adherence. This method was particularly appropriate
as the number of participating LTCF was limited, even though
it reached almost 40% of the target sample.

Yet, this study shows several limitations in its methods. The
most important limitation must be the absence of resident-level
data, excluding the possibility to consider individual outcomes
rather than facility-level outcomes. Individual data may also
have brought insight into risk factors for lower adherence of
residents to some IPC measures, like dementia that could limit
the ability of residents to develop new hand hygiene habits.
The declarative nature of LTCF’s level of adherence may have
introduced a selection bias, with the most performing LTCF
being more prone to answer, thus introducing a ceiling effect
in adherence levels to IPC measures. Ownership is known to
play a role in the spread of COVID-19 in LTCF, especially in
private for-profit facilities (18, 20), and these were surprisingly
under-represented in our sample. This may have introduced
an underestimation of COVID-19 number of cases and deaths.
The nature of the outcomes (the number of cases and deaths)
may have been too sensitive for a declarative method of data
collection, even though the WHO proposed self-assessment “to
help identify, prioritize and address any gaps in IPC capacity”
(6). LTCF may have felt responsible for COVID-19 cases or
deaths if IPC measures were not sufficiently implemented.
This may have introduced a methodological bias as about one
LTCF in three did not report cases or deaths counts and were
consequently excluded from analyses.

Physical distancing between HCP members was associated
with a lower rate of COVID-19, suggesting this IPC measure
might prevent COVID-19 spreading in LTCF. HCP should be
particularly precautious during their mealtimes and break times,
as a lower adherence to physical distancing measures seem
to be associated with a higher number of cases among HCP,
and among residents. A higher adherence to such preventive
measures seems to be easily achievable in all settings, as it does
not rely on extra material or human resources.
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