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Abstract: Background: The coronavirus disease 2019 (COVID-19) pandemic had a devastating impact
on nursing homes/long-term care facilities. This study examined the relationship between geography,
size, design, organizational characteristics, and implementation of infection prevention and control
(IPC) measures and the extent of COVID-19 outbreaks in nursing homes in the Autonomous Province
of Trento (Italy) during the time frame of March-May 2020. Methods: The analysis included 57 nursing
homes (5145 beds). The association between median cumulative incidence of COVID-19 cases among
residents and characteristics of nursing homes was assessed by Mann-Whitney U test, Kruskal—-
Wallis test or Spearman rho. To evaluate the potential confounding of geographical area, a 2-level
random intercept logistic model was fitted, with level 1 units (patients in nursing homes) nested
into level 2 units (nursing homes), and “being a COVID-19 case” as the dependent variable. Results:
Median cumulative incidence was not significantly associated with any of the variables, except for
geographical region (p = 0.002). COVID-19 cases clustered in the part of the province bordering
the Italian region most affected by the pandemic (Lombardy) (45.2% median cumulative incidence).
Conclusions: Structural/organizational factors and standard IPC measures may not predict the
epidemiology of COVID-19 outbreaks and be sufficient alone to protect nursing homes against them.

Keywords: COVID-19; epidemic risk; infection prevention and control; Italy; long-term care; nursing
home; outbreak

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused by a novel coronavirus
(severe acute respiratory syndrome coronavirus 2, SARS-CoV-2), has had a marked im-
pact on every sector of society, with long-term care facilities for the elderly bearing a
disproportionate amount of the disease burden and mortality [1].

Long-term care facilities for the elderly encompass, in different countries and health-
care systems, a broad range of institution types, with or without the delivery of skilled
nursing care. The COVID-19 pandemic has affected vulnerable people hosted in residential
facilities more than any other category, with this group representing between 19% and 72%
of all SARS-CoV-2-related deaths [2].
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Among these facilities, nursing homes has proved to be one of the most at-risk environ-
ments for COVID-19 infections globally due to various contributing factors, including the
following: the age and co-morbidities of the residents, who are particularly vulnerable to
respiratory diseases [3]; the presence of a relatively large number of people congregating to-
gether; the nature of the setting, where social activities and community life play an essential
role in care processes; the skill mix of the nursing home staff; and as the non-hospital nature
of these organizations, characterized by medical technologies and an environment that
is often unsuitable for carrying out effective and prolonged patient isolation and clinical
treatment. The transmission dynamics of COVID-19, combined with the low availability of
testing, have fueled a rapid spread within and between facilities, leading to high morbidity
and mortality among residents in these settings [4]. Fatality and morbidity rates were
roughly comparable across geographic areas and between continents [5].

Understanding clearly the factors that may have contributed to outbreaks as a result of
the pandemic have attracted scientific and legal attention for the purposes of devising policies,
action plans and standards to safeguard the safety of both residents and employees in such
facilities during the COVID-19 pandemic and beyond [6]. Despite a wealth of individual
reports of outbreaks and fatalities in aged care facilities related to COVID-19 [7-12], as well as
review articles quantifying the outsized impact of this pandemic in the frail populations [3],
structural, organizational and practice-related protective factors in these setting have
been analyzed to a lesser degree. Several studies, mainly conducted in North America,
have investigated the relationship between COVID-19 outbreaks and certain features of
long-term care facilities (including nursing homes), such as their geography, size, design,
staffing levels, compliance with infection prevention and control (IPC) regulations, health
inspections and quality ratings [13-15]. However, there is considerable heterogeneity
among these studies, in terms of study design (mainly cross-sectional cohort studies),
settings, participants, time frame, considered variables, and outcome measures. The
limitations that need to be considered when interpreting the results include reliance on
cross-sectional data, unmeasured confounding factors (common in observational studies),
inaccuracies and inconsistencies in data, and metrics reporting (i.e., cases counts). Further
investigations are required to extend such assessments to other contexts, countries and
healthcare systems, as well as analyze the effectiveness of specific factors for protecting long-
term care facilities against COVID-19 outbreaks. Studying these associations in countries such
as Italy, which was hit by the COVID-19 pandemic early and to a significant degree [16,17],
with devastating consequences for nursing homes [18], may provide important insights.

The aim of this study was to examine the association between certain measurable
factors (structural, organizational and practice-related) and the cumulative incidence of
COVID-19 among nursing home residents in the Autonomous Province of Trento, Italy,
during the peak of the COVID-19 outbreak, the so-called “first wave” (March-May 2020).

2. Materials and Methods
2.1. Study Design

This retrospective cohort study of 57 nursing homes in the Autonomous Province
of Trento included a total of 5145 licensed beds with full occupancy from 1 March 2020
to 1 June 2020. We analyzed the association between certain characteristics of nursing
homes and the risk of COVID-19 cases among residents. The considered factors were the
geographic location within the regional territory of the nursing homes, the structural and
organizational characteristics, and the implementation of IPC measures.

2.2. Setting

The autonomous province is an alpine territory located in Northeastern Italy, with an
area of 6207.12 square kilometers, a population of 545,425 inhabitants, and a life expectancy
at birth in 2018 of 82.7 years for males (which is the highest among European regions,
whose average is 78.2) and 86.3 for females (versus an European average of 83.7) [19].
Across the region, universal health care is provided by the Italian National Health Service.
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The number of long-term care beds per 100,000 people aged >65 is two times greater than
the national average (38.5 in the Autonomous Province of Trento versus 14.6 in Italy) [20].
Nursing home care is delivered by public and private non-profit institutions. Except for
very few privately managed beds, all residents are admitted upon a multidimensional
need assessment carried out by a multidisciplinary team from the provincial local health
authority (Healthcare Trust of the Autonomous Province of Trento), evaluating the degree
of non-self-sufficiency and care needs. Although people of all ages may reside in these
facilities, the vast majority are elderly.

All of these nursing homes provide their residents with personal care, nursing care
(24-h assistance), medical care and rehabilitation, as well as occupational and social ac-
tivities. Within some nursing homes, there are dementia care units or special care units
designed, staffed, and equipped to care for older adults with dementia or other complex
clinical conditions requiring more intensive care.

In this study, we included all nursing homes for the elderly; therefore, we excluded
other long-term care settings for people with disabilities (targeting different age groups
and needs), as well as hospital-based long-term care.

2.3. Outcomes and Data Sources

General data on the nursing homes (size, structure and special care units, urban/rural
status, staff, compliance with quality standards, geographic location) were collected from
the official sources of the Department of Health and Social Policies of the Autonomous
Province of Trento and the Healthcare Trust of the Autonomous Province of Trento and
updated as of 1 March 2020.

The Healthcare Trust of the Autonomous Province of Trento, the provincial entity in
charge of collecting and reporting all official data since the onset of the pandemic, provided
data on cases of SARS-CoV-2 infection detected in nursing home residents and in the
surrounding municipality. All diagnoses were confirmed with molecular diagnostics for
SARS-CoV-2 (Reverse Transcription Polymerase Chain Reaction, RT-PCR) performed in
the provincial reference laboratory. Data were collected between 1 March 2020 and 1 June
2020, corresponding to the entire “first wave” duration in the Autonomous Province of
Trento (the first COVID-19 case was detected in the region on March 2 and, at the end of
May, new cases were almost down to zero) [21-23].

Specific organizational and structural information and data related to IPC measures
were retrieved from a study carried out in May 2019 as part of a broad regional project
initiated to improve infection IPC programs and tackle antibiotic resistance in nursing
homes. The goal was to provide a reliable and detailed baseline of structure and practice-
related data on IPC in the real context of nursing homes to leverage the implementation of
improvement actions.

In order to collect standardized information on IPC, a questionnaire was designed,
piloted, and administered to all nursing homes in the Province. The questionnaire incorpo-
rated items from the tool and data collection protocol used in the “Healthcare-Associated
Infections in Long Term Care Facilities” (HALT-3, 2016-2017) project, proposed by the Euro-
pean Center for Disease Prevention and Control and validated in the Italian context [24,25],
items adapted from the “Infection Prevention and Control Assessment Tool for Long-term
Care Facilities” developed by the Centers for Disease Control and Prevention [26], and
from another tool tested in an Italian survey related to Legionellosis in Italian healthcare
facilities [27]. For the sake of the current study, from the multiple domains and elements
investigated in the survey, we extrapolated 13 items related to IPC measures relevant
for respiratory infection transmission (see Table 1). The vast majority of nursing homes
participated in the survey (45 nursing homes, with a response rate of 79%), guaranteeing a
coverage of 75% of the total number of licensed beds.



Int. J. Environ. Res. Public Health 2021, 18, 8434 40f17

Table 1. Information on the infection prevention and control practices of the nursing homes retrieved by means of the

infection prevention and control survey (N = 45).

Variables

Infection prevention and control measures (presence of), n (% facilities)

Specific training on infection control and prevention 11 (24.4%)
Presence of a committee for infection control and prevention 3 (6.7%)
Procedure for management of residents with suspected communicable diseases 32 (71.1%)
Policies for management of personnel at risk of infection 23 (51.1%)
Training of staff on the management of occupational exposures to biohazards 32 (71.1%)
Established infection surveillance program 19 (42.2%)
Training of staff on the correct hand hygiene procedure 43 (95.6%)
Procedure on standard and additional precautions 35 (77.8%)
Training of staff on the correct use of personal protective equipment (PPE) 33 (73.3%)
Availability of hand hygiene supplies 33 (73.3%)
Training of staff on how to prevent the spread of respiratory infections 21 (46.7%)
Compliance with operations of routine and terminal 37 o
. o . . (82.2%)
cleaning/sanitation/disinfection
Official protocols/procedures on infection control and prevention 19 (42.2%)
Outbreak management 5 (11.1%)
Hand hygiene 43 (95.6%)
Use of PPE 42 (93.3%)
Isolation measures 25 (55.6%)
Sanitation 33 (73.3%)

To identify contextual socio-environmental relationships, covariates were included,
such as the population size of the communities where each nursing home was located [28].
In addition, since the area experiences a high influx of tourists, data on tourist arrivals for
the 2019-2020 winter season were collected, specifically the number of customers, both
Italians and foreigners, hosted in accommodation facilities (hotels or complementary),
and the number of nights spent by customers in accommodation facilities, in the period
from December 1, 2019 to February 29, 2020 for each municipality [28]. To examine the
effect of regional differences in the geographic clustering of nursing homes on COVID-19
transmission, we included the geographic area of the province (North-South-East-West) in
our analyses (see Figure 1).

2.4. Analyses

Descriptive statistics for continuous variables included the number of observations
(nursing homes), the mean and standard deviation or median, and the first and third
quartiles, when appropriate. For categorical variables, frequencies and percentages were
presented. We compared the differences in characteristics between nursing homes that
participated in the survey on IPC and those that did not participate. The size measure was
converted from a continuous measure of number of beds to a categorical variable of <70
and >70 beds. We then compared the differences in characteristics between nursing homes
that reported at least 1 confirmed COVID-19 case among residents and those that did not
report any cases. We used the t-test for quantitative variables (i.e., total residents; total
beds) and the Chi-square test, or the Fisher’s exact test when appropriate, for categorical
variables (i.e., size; special care units).

We then performed association analyses between the median cumulative incidence
of COVID-19 cases among residents and the characteristics of the nursing homes that
participated in the survey. We used the nonparametric Mann-Whitney U test for the
comparison of two groups and the Kruskal-Wallis test for the comparison of more than
two groups (i.e., geographical region). For the association analysis between quantitative
variables (i.e., the population of the municipality) and the cumulative incidence of COVID-
19 cases, we used the Spearman rho correlation coefficient; we used Pearson’s correlation
coefficient for the association analysis of the cumulative incidence of COVID-19 between
nursing homes and belonging municipalities. To evaluate the potential confounding of
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geographical area on the IPC measures, a two-level random intercept logistic model was
fitted to the data, with level 1 units (patients in nursing homes) nested into level 2 units
(nursing homes). The dependent variable was being a case of COVID-19 (dichotomous
variable), and we included, as independent variables, the geographical area and the IPC
measures separately in the model.

Analyses were conducted using Stata software, version 16 (StataCorp. 2019. Stata
Statistical Software: Release 16. College Station, TX: StataCorp LLC).
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Figure 1. Geographical areas of the Province of Trento, Italy, and their aggregation according to South, West, North and East.
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3. Results

The analysis included all 57 nursing homes in the province of Trento, comprising
5145 residents. The descriptive data of all nursing homes are depicted in Appendix A
Table A1l. Overall, 37 (64.9%) of the facilities had at least 1 resident COVID-19 case, with a
median cumulative incidence of 4.8% (Interquartile Range—IQR: 0-40%). The majority of
the facilities (63.2%) had more than 70 beds; 47.4% had special care units, of which 24.6%
were dementia care units, and 22.8% were special units for residents with complex clinical
conditions. More than a half of the facilities (56.1%) met the structural quality standards
defined by the province. The majority of the homes were located in non-urban areas (68.4%)
and predominantly in the southern region of the province (36.8%).

We also compared the main characteristics of nursing homes participating and not
participating in the IPC survey (see Methods). The median cumulative incidence of
outbreaks of COVID-19 in nursing homes was 4.8% overall; in nursing homes participating
in the survey was 2.9%, and 17% among homes not participating, but this difference was
not statistically significant. In general, the characteristics of homes participating and not
participating in the IPC survey were similar, however facilities participating in the survey
were more likely to be located in a rural area (p = 0.025).

Table 1 and Appendix A Table A2 report the information (including type of rooms,
staffing, etc.) retrieved from the 45 nursing homes participating in the survey. With regard to
IPC measures, the survey revealed suboptimal compliance in particular for specific training
on infection control and prevention (24.4%), the presence of a committee for infection control
and prevention (6.7%), and official documents on outbreak management (11.1%).

Table 2 describes the association between the median cumulative incidence of COVID-
19 cases among residents and the characteristics of the nursing homes that participated
in the survey. The median cumulative incidence for the nursing homes was not signifi-
cantly associated with any of the considered variables, except for the geographical region
(p = 0.002) where the homes were located: we found that the western region of the province
showed the highest median cumulative incidence (45.2%).

Table 2. Association analyses between median cumulative incidence of COVID-19 cases among residents and characteristics

of the nursing homes that participated in the survey (N = 45).

Median Cumulative Incidence of

Variable COVID-19 Cases (%) [p25-p75] P
Facility size 0.930
Small-medium (<70 beds), (16) 1.8 [0-48]
Large (>70 beds), (29) 7.4 [0-36]
General characteristics
Special care units 0.174
yes (22) 19 [0-40]
no (23) 1.1 [0-39]
Dementia 0.421
yes (13) 14 [0-45]
no (32) 1.6 [0-37]
Complex clinical problems 0.444
yes (9) 24 [0.53-36]
no (36) 1.8 [0-40]
Conformity to quality standards 0.990
no (20) 10 [0-32]
Metropolitan status 0.567
Urban (11) 0.53 [0-36]
Rural (34) 3.8 [0-42]
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Table 2. Cont.
Variable Median Cumulative Incidence of
COVID-19 Cases (%) [p25-p75] P
Geographical region 0.002
North (5) 1.1 [0-44.6]
South (15) 0[0-24.2]
East (14) 0.8 [0-4.8]
West (11) 45.2 [24-55.9]
Infection control measures
Specific training on infection control and prevention 0.388
yes (11) 14 [0-47.9]
no (34) 1.8 [0-28.1]
Presence of a committee for infection control and prevention 0.081
yes (3) 47.9 [14-54.8]
no (42) 1.8 [0-35.9]
Procedure for management of residents with suspected communicable 0.871
diseases ’
yes (32) 4.4 [0-39]
no (13) 1.9 [0.5-35.9]
Policies for management of personnel at risk of infection 0.341
yes (23) 1.6 [0-28.1]
no (22) 13.5 [0-44.6]
Training of staff on the management of occupational exposures to
i 0.952
biohazards
yes (32) 3.8 [0-39.4]
no (13) 1.9 [0-35.9]
Established infection surveillance program 0.749
yes (19) 2.9 [0-24.5]
no (26) 3.3[0-42]
Training of staff on the correct hand hygiene procedure 0.553
yes (43) 2.9 [0-38.5]
no (2) 23.1[1.6-44.6]
Procedure on standard and additional precautions 0.365
yes (35) 1.6 [0-40.3]
no (10) 18.6 [1.9-38.5]
Training of staff on the correct use of PPE 0.301
yes (33) 4.8 [0-40.3]
no (12) 0.8 [0-30]
Availability of hand hygiene supplies 0.571
yes (33) 1.6 [0-35.9]
no (12) 8.8 [0-44.9]
Training of staff on how to prevent the spread of respiratory infections 0.269
yes (21) 4.8 [0-24.5]
no (24) 2.4 [0-44.9]
Compliance with operations of routine and terminal
3 L .. . 0.553
cleaning/sanitation/disinfection
yes (37) 1.9 [0-38.5]
no (8) 9.4 [0.8-40]
Regular checks of the quality of the cleaning/sanitation/disinfection 0.918
yes (37) 2.9[0-35.9]
no (8) 14.1 [0-43.3]
Official protocols/procedures on
Infection control and prevention 0.123
yes (19) 24 [0-45.2]
no (26) 1.6 [0-24.2]
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Table 2. Cont.

Variable Median Cumulative Incidence of
COVID-19 Cases (%) [p25-p75] P

Outbreak management 0.087
yes (5) 0[0-0]

no (40) 5.4 [0-40.3]

Hand hygiene 0.915
yes (43) 2.9 [0-40.3]

no (2) 7.8 [1.6-14]

Use of PPE 0.742
yes (42) 3.8 [0-40.3]

no (3) 0.5 [0-38.5]

Isolation measures 0.941
yes (25) 2.9 [0-40]

no (20) 3.3[0.3-24.2]

Sanitation 0.408
yes (33) 1.6 [0-40.3]

no (12) 9.4[0.8-31.4]

The population size of the municipality, as well as the number of tourists and the
number of nights spent by tourists in accommodation facilities where the nursing homes
were located were not statistically associated to the median cumulative incidence of COVID-
19 in nursing homes; this was observed also when correlating the number of staff units or
the number of rooms to the cumulative incidence (Spearman’s rho from 0.038 to 0.240 in
absolute values; data not shown). Moreover, the estimated Pearson correlation coefficient
between the cumulative incidence of COVID-19 in municipalities and in nursing homes
was 0.51 (0.54 when considering only nursing homes that participated in the survey).

Table 3 summarizes the results of the bivariate analyses for nursing homes that
reported COVID-19 cases and those that did not report any cases. The 37 facilities that
reported at least one case of COVID-19 had a greater average number of residents (95.8)
than the 20 that did not report any cases (80.0) and a higher average number of beds (96.7
vs. 84.2, respectively). However, these differences were not statistically significant.

Table 3. Bivariate analyses for nursing homes in the province of Trento that reported COVID-19 cases and those that did not
report any cases.

Confirmed COVID-19 Cases p
Variabl
arlable Yes (N = 37) No (N = 20)
Residents, mean + SD 95.8 +47.8 80.0 + 30.3 0.188
Beds, mean + SD 96.7 +48.0 84.2 + 33.0 0.306
Facility size 0.716
Small-medium (<70 beds), n 13 (35.1%) 8 (40%)
Large (>70 beds), n 24 (64.9%) 12 (60%)
General characteristics
Special care units 0.169
yes, n 20 (54%) 7 (35%)
no, n 17 (45%) 13 (65%)
Dementia 0.749
yes, n 10 (27%) 4 (20%)
no, n 27 (73%) 16 (80%)
Complex clinical problems 0.346
yes, n 10 (27%) 3 (15%)

no, n 27 (73%) 17 (85%)
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Table 3. Cont.

Variable Confirmed COVID-19 Cases p
Yes (N = 37) No (N =20)
Conformity to quality standards 0.492
yes, n 22 (59.5%) 10 (50%)
no, n 15 (40.5%) 10 (50%)
Metropolitan status 0.683
Urban, n 11 (29.7%) 7 (35%)
Rural, n 26 (70.1%) 13 (65%)
Geographical region 0.100
North, n 6 (16.2%) 2 (10%)
South, n 12 (32.4%) 9 (45%)
East, n 8 (21.6%) 8 (40%)
West, n 11 (29.7%) 1 (5%)
Single-occupancy rooms
(% over total rooms per facility), median [p25-p75] 18 [13-34] 27 [12-32] 0.620
Full-time equivalent nurses, median [p25-p75] 9.8 [7.3-14] 9 [7-10] 0.391
Full-time equivalent physicians, median [p25-p75] 11[0.7-1.4] 1[1-1] 0.732
Full-time equivalent aid staff, median [p25-p75] 37 [30-64] 38 [28-52] 0.622

Figures 2 and 3 show the percentage of LTC homes by presence of infection control
measures and guidelines/procedures. The nursing homes with no cases of COVID-19
were those who were more likely to implement outbreak management procedures (23.5%)
compared to homes with at least 1 case of COVID-19 (3.6%) (p = 0.060).

Specific training on infection control and prevention }

Presence of a committee for infection control and prevention

Procedure for management of residents with suspect communicable diseases |

Policies for management of personnel at risk of infection ;

Staff is trained on the management of occupational exposures to biohazards oy

Established infection surveillance program

Personnel is instructed on the correct hand hygiene procedure ===

Procedure on standard and additional precautions ————

Personnel receives specific training on the correct use of PPE ===

Alcohol solution for hand hygiene is made thoroughly available

Staff is trained on how to prevent the spread of respiratory infections ;

Operations of routine and terminal cleaning/sanitation/disinfection are respected =——

Regular checks of the quality of the cleaning/sanitation/disinfection m————————u—-=

0 10 20 30 40 50 60 70 80 90 100
Percentage
B With at least one COVID-19 confirmed case @ Without COVID-19 confirmed case WAll the 45 LCT homes

Figure 2. Percentage of LTC homes implementing infection control measures by presence of at least one COVID-19
confirmed case.

The multivariate models indicated that none of the considered IPC measures was sig-
nificantly associated to the likelihood of being a case of COVID-19 (Appendix A Table A3).
In each model, the likelihood of being a case was significantly larger in the Western region
with respect to the remaining areas of the province.
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Infection control and prevention

Outbreak management

Hand hygiene

Use of PPE

Isolation measures

Sanitation

0 10 20 30 40 50 60 70 80 90 100
Percentage

B With at least one COVID-19 confirmed case @ Without COVID-19 confirmed case ~ BAIl the 45 LTC homes
Figure 3. Percentage of LTC homes with official documents/guidelines by presence of at least one COVID-19 confirmed case.

4. Discussion

The high COVID-19 morbidity and mortality observed among residents in nursing
homes have posed a major challenge for specific strategies for disease prevention and
control in such settings. Previous research showed that certain features and practices of
nursing homes may affect care across a variety of outcome and process measures [29-31].

In our study, we cross-linked infection cases related to the first phase of the COVID-19
pandemic to evaluate how multiple “baseline” factors at the facility level and COVID-19
transmission in the local community may have been associated to the spread of COVID-19
infection in nursing homes located in the Autonomous Province of Trento. We performed the
evaluation in a timeframe covering the entire “first wave” of the COVID-19 epidemic, when
containment measures were not fully in place. Italy (and particularly Northern Italy) was hit
hard and fast and the country ranked among those with the highest COVID-19 burden [22,23].

The cumulative incidence of COVID-19 was higher in the nursing home facilities located
in the western area of the province, which borders the Lombardy region, the most affected
area during the first phase of the pandemic [17,22]. We found an association between the
cumulative incidence of COVID-19 in the general population and in nursing homes.

The finding of a positive correlation between the cumulative incidence of COVID-19
in the surrounding community and outbreaks in long-term care facilities is in line with
results reported in other studies [32-35].

In our study, no structural or organizational characteristics, including staffing levels,
nor any IPC measure considered (i.e., training on IPC, established committee and/or
infection surveillance programs, documents/guidelines on IPC and outbreak management)
were significantly associated to an increase or decrease in the prevalence of COVID-19
in nursing homes. However, it should be noted that the nursing homes with no cases of
COVID-19 were those who were more likely to have implemented outbreak management
procedures (23.5%) compared to nursing homes with at least 1 case of COVID-19 (3.6%)
(p = 0.060).

These results differ from those of other studies that identified structural and orga-
nizational factors related to an increased risk of COVID-19 infection among residents.
Some of these factors, including location, larger facility size, nursing staff levels under the
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recommended standard, for-profit status, low overall quality rating, and movement of staff
between facilities have been confirmed as detrimental in various publications [36—45].

Multiple studies were focused on the association between implementation of pre-
ventive measures and COVID-19 outbreaks, with contrasting results ranging from no
association [46,47] to a notable association [48-51]. Regarding the association of COVID-19
infection cases with IPC measures and policies, we found no differences between the facili-
ties that participated in the survey and those that did not participate. The only difference
was that most of the participant facilities belonged to a rural rather than to an urban context;
however, no significant differences related to this aspect were found in the cumulative
incidences of COVID-19 cases.

In our study, we collected data reflecting the actual situation and the degree of im-
plementation of some IPC measures within the facilities showed sub-optimal levels of
compliance. Our results are consistent with other studies carried out in a pre-pandemic
context showing the need to tailor and enhance policies and practices related to IPC
measures in nursing homes [52-57]. It is clear that COVID-19 has highlighted the need
for quality improvements in these care settings and the need for the adoption of med-
ical standards by several countries. Implementing comprehensive IPC programs and
following critical care IPC strategies and precautions are crucial steps to prevent/limit
SARS-CoV-2 transmission in health facilities. Standard precautions recommended as part
of routine health care provided to all patients in all health care settings include hand
hygiene, respiratory hygiene, appropriate use of PPI according to risk assessment, injection
safety, decontamination and re-processing of medical equipment, environmental cleaning,
and safe waste management [58]. Additional precautions recommended in the context of
COVID-19 pandemic included maintaining a physical distance among all individuals (at
least 1 mt.), transmission-based precautions (universal and targeted continuous masking),
isolation and cohorting of patients with suspected or confirmed COVID-19, contact and
droplet precautions (and airborne precautions according to risk assessment), administrative
controls (i.e., prevention, identification and management of COVID-19 among healthcare
workers, and management of visitors entry), and environmental and engineering controls
(i.e., adequate indoor air quality, special separation) [58]. Optimal adherence to current
IPC guidance is essential also in the context of current SARS-CoV-2 variants of concern,
based on the available evidence and expert consensus.

It is worth noting that no element of the IPC measures assessed was associated to the
median cumulative incidence of COVID-19 cases. We could explain our findings in the
context of the extraordinary impact of the COVID-19 pandemic in Italy, with a sustained
viral circulation across all of Northern Italy, including the Autonomous Province of Trento,
as well as a very rapid spread of cases and deaths in the first phase (February—-May 2020) in
nursing homes [18]. In view of this pandemic, it could be hypothesized that no structural,
staffing, or other identifiable factors related to ongoing prevention and control programs
could have been crucial in effectively contrasting the spread of COVID-19 in nursing
homes in Italy in the early stages of the pandemic. Moreover, Italian nursing homes
during the “first wave” of the pandemic had to cope with multiple operational hurdles
and management difficulties (i.e., a lack of personal protective equipment, an inability to
have swabs tested, a lack of healthcare staff, difficulties in isolating COVID-19-infected
residents, etc.), limiting the effective and timely application of measures that may have
helped in containing the spread of the virus in these settings [18,59].

The lack of an association between IPC measures and the reporting of COVID-19 cases
could also be explained by the exceptionality of the infection control measures needed.
Moreover, outbreaks of newly emerging infectious diseases are a challenge and a threat to
healthcare providers and other frontline responders due to both a limited understanding
of the emerging threat and to a reliance on IPC measures that may not consider all of the
transmission dynamics of the emerging pathogen [60].

It is essential to study the impact of COVID-19 on nursing homes to generate sub-
stantial knowledge and for its subsequent translation into policies and resource allocation
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decisions. Further studies are also needed to understand the spread of COVID-19 infection
during different phases and “pandemic waves,” and in different contexts and long-term
care settings. The accumulating evidence on COVID-19 in nursing homes needs to be
leveraged in several ways to support public health and safety measures to protect the
vulnerable populations who reside within these facilities against the risk of an epidemic
during the current and future pandemics. A robust approach involves adequate staffing
levels and competences, facility design, enhanced IPC capacity within nursing homes, as
well as strengthening the public health surveillance system in the community to rapidly
identify, assess and control epidemic outbreaks. These interventions should be part of a
comprehensive and holistic model that balances infection control and quality of care with
the well-being of residents and quality of life in residential care settings [61-63].

Limitations

The collected data are related only to nursing homes in an Italian region during the
initial phase of the COVID-19 pandemic. Information on the individual characteristics of
the residents of nursing homes was not available for this analysis; however, the aim of the
present study was to assess the effect of non-clinical factors associated with COVID-19 cases,
not to investigate other resident outcomes (i.e., symptoms, illness severity or death), which
could have been affected by other risk factors, alongside the reliability of data collected
during the initial emergency phase. We did not investigate the association between COVID-
19 cases among staff members and residents due to the insufficient reliability of collected
data for some facilities, as well as unsystematic testing of asymptomatic staff members
during the first part of the pandemic wave. We believe that such analysis could have further
reinforced the linkage between cases among NH residents and spread of the infection in
the local community.

The study was based on a retrospective analysis. Moreover, the information on IPC
practices, although collected through a specific survey, was retrieved before the pandemic
and therefore might not accurately reflect the situation in March 2020. The situation,
however, has unlikely changed during that period. In addition, it is worth noting that most
of the variables analyzed were based on existing policies, procedures, protocols, education
and training activities, operational tools and collected data, representing only a (reliable)
proxy of the effectiveness of IPC programs and of the appropriate implementation of
evidence-based recommendations and good practices. Therefore, we did not perform any
clinical assessment relying on direct observance of healthcare staff behavior, understanding
of professional competence, or patient-level audit of care processes. Finally, there might be
additional confounding factors regarding regulation, organization and practices that may
have not been considered in the analysis, which could potentially be related to COVID-19
cases in nursing homes. At the same time, the governance and model of care for the elderly
in nursing homes are standardized in the Autonomous Province of Trento. However,
organization and care models across the Italian territory are heterogeneous, so it is difficult
to generalize the results to the whole country or elsewhere.

5. Conclusions

The COVID-19 outbreak in this region confirmed the vulnerability of nursing homes
in the face of the COVID-19 pandemic. In this national cohort study of long-stay nursing
home residents, the risk of SARS-CoV-2 was associated with the geographic area. However,
in our study, there were no other factors associated with COVID-19 infections.

To target resources and better respond to future outbreaks, a comprehensive, data-driven
and trans-national understanding of factors that may affect the epidemiology of COVID-19
pandemic (or other infectious outbreaks) is critical to encourage the creation of policies and
practices that may improve our preparedness and responsiveness in similar settings. In order
to deal effectively with comparable scenarios in the future, it is necessary to design and plan
tailored measures that can be implemented as quickly as possible if necessary, which should
regularly be updated in cooperation with local public health authorities.
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Given the consequences of epidemic outbreaks, collaboration between nursing homes,
public health authorities and social and health actors in the local community can yield
solutions that guarantee pandemic preparedness, alongside models of care oriented to-
ward residents.
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Appendix A

Table Al. Main characteristics of the nursing homes (NH) in the province of Trento, by participation in the infection

prevention and control survey.

NH Participation in the Survey
Variable g
(N =57) Yes (N = 45) No (N =12)
Total residents ¥, n 5145 4158 987 0.399 *
Mean + SD 90.3 +42.9 924 +45.1 82.3 +£33.7 ’
Total beds #, n 5263 4273 990 0.305 *
Mean + SD 92.3 +43.5 949 +45.7 82.5 +33.7 ’
At least 1 resident COVID-19 case, n 37 (64.9%) 28 (75.7%) 9 (24.3%) 0.410
Incidence of COVID-19 (%), median [p25-p75] ° 4.8 [0-40] 2.9 [0-39] 17 [1.2-46] 0.605
Facility size 0.697
Small-medium (<70 beds), n 21 (36.8%) 16 (35.6%) 5 (41.7%)
Large (>70 beds), n 36 (63.2%) 29 (64.4%) 7 (58.3%)
General characteristics
NH with special care units, n 27 (47.4%) 22 (48.9%) 5 (41.7%) 0.656
NH with dementia care units, n 14 (24.6%) 13 (28.9%) 1(8.3%) 0.142
NH with care units for complex clinical problems, n 13 (22.8%) 9 (20%) 4 (33.3%) 0.328
Conformity to structural quality standards (yes), n 32 (56.1%) 25 (55.6%) 7 (58.3%) 0.863
Metropolitan status 0.025
Urban, n 18 (31.6%) 11 (24.4%) 7 (58.3%)
Rural, n 39 (68.4%) 34 (75.6%) 5 (41.7%)
Geographical region 0.274
North, n 8 (14%) 5 (11.1%) 3 (25%)
South, n 21 (36.8%) 15 (33.3%) 6 (50%)
East, n 16 (28.1%) 14 (31.1%) 2 (16.7%)
West, n 12 (21.1%) 11 (24.4%) 1(8.3%)

* The p-value is related to the comparison of means. * Total number of residents and beds as of 1 March 2020. ® Cumulative incidence of
confirmed COVID-19 cases among residents for the period from 1 March 2020, to 1 June 2020. Significant differences are marked in bold.
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Table A2. Additional information on characteristics of the nursing homes retrieved by means of the
infection prevention and control survey (N = 45).

Variables

Total rooms, n (median) (IQR) 2372 (44) (38-61)
Single occupancy 581 (10) (4-19)
Double occupancy 1541 (31) (22-38)
Triple occupancy 125 (0) (0-3)
Quadruple and more occupancy 125 (0) (0-0)

Staff (units), median [p25-p75]
Full-time equivalent nurses 9 [7-13]
Full-time equivalent physicians 1[0.77-1]
Full-time equivalent nurse aides 38 [29-55]

Table A3. Odds Ratio with 95% ClIs for the association between being a case of COVID-19 (dependent variable) with
measures of infection prevention and control, adjusted for geographical area.

OR (95% CI)

Specific training on infection control and prevention 1.9 (0.4; 10.4)
Presence of a committee for infection control and prevention 17.4 (0.9; 307.2)
Procedure for management of residents with suspected communicable diseases 0.8 (0.2;4.0)
Policies for management of personnel at risk of infection 0.7 (0.2;2.8)
Staff is trained on the management of occupational exposures to biohazards 0.6 (0.1;3.2)
Established infection surveillance program 0.7 (0.2;2.9)
Personnel are instructed on the correct hand hygiene procedure 0.1 (0.0; 4.0)
Procedure on standard and additional precautions 0.7 (0.1;4.1)
Personnel receive specific training on the correct use of PPE 1.8 (0.3;9.7)
Alcohol solution for hand hygiene is made thoroughly available 0.7 (0.1, 3.7)
Staff are trained on how to prevent the spread of respiratory infections 1.1(0.3;5.0)
Operations of routine and terminal cleaning/sanitation/disinfection are respected 1.2(0.2;8.1)
Regular checks of the quality of the cleaning/sanitation/disinfection 1.2 (0.2; 8.5)
Official documents on infection control and prevention measures 1.8 (0.4;8.3)
Official documents on outbreak management 0.2 (0.0; 3.3)
Official documents on hand hygiene 0.2 (0.0; 5.9)
Official documents on use of PPE 5.7 (0.3; 100.9)
Official documents on isolation measures 1.3(0.3;6.2)
Official documents on sanitation 1.3(0.2;,7.2)

References

1.

Shi, S.M.; Bakaev, I.; Chen, H.; Travison, T.G.; Berry, S.D. Risk Factors, Presentation, and Course of Coronavirus Disease 2019 in a
Large, Academic Long-Term Care Facility. J. Am. Med. Dir. Assoc. 2020, 2, 1378-1383. [CrossRef] [PubMed]

Thompson, D.C.; Barbu, M.G.; Beiu, C.; Popa, L.G.; Mihai, M.M.; Berteanu, M.; Popescu, M.N. The Impact of COVID-19 Pandemic
on Long-Term Care Facilities Worldwide: An Overview on International Issues. BioMed Res. Int. 2020, 2020, 8870249. [CrossRef]
[PubMed]

Hashan, M.R.; Smoll, N.; King, C.; Ockenden-Muldoon, A.; Walker, J.; Wattiaux, A.; Graham, J.; Booy, R.; Khandaker, G.
Epidemiology and clinical features of COVID-19 outbreaks in aged care facilities: A systematic review and meta-analysis. E Clin.
Med. 2021, 33, 100771.

European Centre for Disease Prevention and Control (ECDC). Surveillance of COVID-19 in Long-Term Care Facilities in the EU/EEA;
ECDC: Stockholm, Sweden, 19 May 2020; Available online: https://www.ecdc.europa.eu/en/publications-data/surveillance-
COVID-19-long-term-care-facilities-EU-EEA (accessed on 20 May 2021).

Cassone, M.; Mody, L. Measuring the outsized impact of COVID-19 in the evolving setting of aged care facilities. E Clin. Med.
2021, 34, 100825.

Bolcato, M.; Trabucco Aurilio, M.; Di Mizio, G.; Piccioni, A.; Feola, A.; Bonsignore, A.; Tettamanti, C.; Ciliberti, R.; Rodriguez, D.;
Aprile, A. The Difficult Balance between Ensuring the Right of Nursing Home Residents to Communication and Their Safety. Int.
J. Environ. Res. Public Health 2021, 18, 2484. [CrossRef]

McMichael, TM.; Clark, S.; Pogosjans, S.; Kay, M.; Lewis, |.; Baer, A.; Kawakami, V.; Lukoff, M.D.; Ferro, ].; Brostrom-Smith,
C.; et al. Public Health—Seattle & King County, Evergreen Health, and CDC COVID-19 Investigation Team. COVID-19 in a
Long-Term Care Facility-King County, Washington, 27 February-9 March 2020. MMWR Morb. Mortal. Wkly. Rep. 2020, 69,
339-342.


http://doi.org/10.1016/j.jamda.2020.08.027
http://www.ncbi.nlm.nih.gov/pubmed/32981664
http://doi.org/10.1155/2020/8870249
http://www.ncbi.nlm.nih.gov/pubmed/33204723
https://www.ecdc.europa.eu/en/publications-data/surveillance-COVID-19-long-term-care-facilities-EU-EEA
https://www.ecdc.europa.eu/en/publications-data/surveillance-COVID-19-long-term-care-facilities-EU-EEA
http://doi.org/10.3390/ijerph18052484

Int. J. Environ. Res. Public Health 2021, 18, 8434 15 0f 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Belmin, J.; Um-Din, N.; Donadio, C.; Magri, M.; Nghiem, Q.D.; Oquendo, B.; Pariel, S.; Lafuente-Lafuente, C. Coronavirus Disease
2019 Outcomes in French Nursing Homes That Implemented Staff Confinement With Residents. JAMA Netw. Open. 2020, 3,
€2017533. [CrossRef] [PubMed]

Bagchi, S.; Mak, J.; Li, Q.; Sheriff, E.; Mungai, E.; Anttila, A.; Soe, M.M.; Edwards, ].R.; Benin, A.L.; Pollock, D.A.; et al. Rates of
COVID-19 Among Residents and Staff Members in Nursing Homes-United States, 25 May-22 November 2020. MMWR Morb.
Mortal. Wkly. Rep. 2021, 70, 52-55. [CrossRef] [PubMed]

van Hensbergen, M.; den Heijer, C.D.].; Wolffs, P.; Hackert, V.; Ter Waarbeek, H.L.G.; Oude Munnink, B.B.; Sikkema, R.S.;
Heddema, E.R.; Hoebe, C.J.P.A. COVID-19: First long-term care facility outbreak in the Netherlands following cross-border
introduction from Germany, March 2020. BMC Infect. Dis. 2021, 21, 418. [CrossRef]

Heudorf, U.; Miiller, M.; Schmehl, C.; Gasteyer, S.; Steul, K. COVID-19 in long-term care facilities in Frankfurt am Main, Germany:
Incidence, case reports, and lessons learned. GMS Hyg. Infect. Control 2020, 15, Doc26.

Camerotto, A.; Sartorio, A.; Mazzetto, A.; Gusella, M.; Luppi, O.; Luciano, D.; Sofritti, O.; Pelati, C.; Munno, E.; Tessari, A.; et al.
Early Phase Management of the SARS-CoV-2 Pandemic in the Geographic Area of the Veneto Region, in One of the World’s
Oldest Populations. Int. J. Environ. Res. Public Health 2020, 17, 9045. [CrossRef]

Frazer, K.; Mitchell, L.; Stokes, D.; Lacey, E.; Crowley, E.; Kelleher, C. A rapid systematic review of measures to protect older
people in long term care facilities from COVID-19. medRxiv 2020. [CrossRef]

Ochieng, N.; Chidambaram, P; Garfield, R.; Neuman, T. Factors Associated With COVID-19 Cases and Deaths in Long-Term Care
Facilities: Findings from a Literature Review. Available online: https://www.kff.org/coronavirus-covid-19/issue-brief /factors-
associated-with-covid-19-cases-and-deaths-in-long-term-care-facilities-findings- from-a-literature-review / view / footnotes /
#footnote-508312-29 (accessed on 20 May 2021).

Béland, D.; Marier, P. COVID-19 and Long-Term Care Policy for Older People in Canada. J. Aging Soc. Policy 2020, 32, 358-364.
[CrossRef]

Torri, E.; Sbrogio, L.G.; Rosa, E.D.; Cinquetti, S.; Francia, F.; Ferro, A. Italian Public Health Response to the COVID-19 Pandemic:
Case Report from the Field, Insights and Challenges for the Department of Prevention. Int. J. Environ. Res. Public Health 2020, 17,
3666. [CrossRef]

Gabutti, G.; d’Anchera, E.; De Motoli, F,; Savio, M.; Stefanati, A. The Epidemiological Characteristics of the COVID-19 Pandemic
in Europe: Focus on Italy. Int. ]. Environ. Res. Public Health 2021, 18, 2942. [CrossRef]

The Italian National Institute of Health (ISS). National Survey on COVID-19 Infection in Long-Stay Residential Care Homes.
Final Report. 5 May 2020. (In Italian). Available online: https://www.epicentro.iss.it/coronavirus/pdf/sars-cov-2-survey-rsa-
rapporto-finale.pdf (accessed on 20 May 2021).

Eurostat. Health Statistics at Regional Level. Life Expectancy. March 2020. Available online: https://ec.europa.eu/eurostat/
statiscs-explained (accessed on 20 May 2021).

Italian Ministry of Health. Statistical Yearbook of the National Health Service, 2018. Healthcare Territorial Assistance to the
Elderly [Assistenza territoriale agli anziani]. (In Italian). Available online: https://www.salute.gov.it/imgs/C_17_pubblicazioni_
2980_allegato.pdf (accessed on 20 May 2021).

Bruno Kessler Foundation (FBK). Health Situation Emergency COVID-19. Autonomous Province of Trento. (In Italian). Available
online: https://covid19trentino.fbk.eu/ (accessed on 20 May 2021).

Department of Civil Protection—Presidency of the Council of Ministers. COVID-19 Italia—Monitoring of the Situation. Daily
Bulletins and Situation Maps. (In Italian). Available online: http://www.protezionecivile.gov.it/ (accessed on 20 May 2021).
World Health Organization (WHO). COVID 19 Infection. Available online: https:/ /www.who.int/emergencies/diseases/novel-
coronavirus-2019 (accessed on 20 May 2021).

European Centre for Disease Prevention and Control (ECDC). Technical Document. Protocol for Point Prevalence Surveys of Healthcare-
Associated Infections and Antimicrobial Use in European Long-Term Care Facilities—Version 2.1; ECDC: Solna Municipality, Sweden,
2016; Available online: https:/ /www.ecdc.europa.eu/sites/default/files/media/en/publications /Publications /HALT-3-LTCF-
PPS-Protocol-v2.1.pdf (accessed on 20 May 2021).

Furmenti, M.F,; Rossello, P.; Bianco, S.; Olivero, E.; Thomas, R.; Emelurumonye, L.N.; Zotti, C.M.; HALT3 Italian Collaborating
Group. Healthcare-associated infections and antimicrobial use in long-term care facilities (HALT3): An overview of the Italian
situation. J. Hosp. Infect. 2019, 102, 425-430. [CrossRef]

Centers for Disease Control and Prevention (CDC). The Infection Prevention and Control Assessment Tool for Long-Term Care
Facilities, Version 1.3.1, September 2016. Available online: https://www.cdc.gov/hai/pdfs/IC/CDC_IC_Assessment_Tool LTCF.
pdf (accessed on 21 May 2021).

Montagna, M.T.; De Giglio, O.; Napoli, C.; Diella, G.; Rutigliano, S.; Agodi, A.; Auxilia, F; Baldovin, T.; Bisetto, F.; Arnoldo, L.;
et al. Control and prevention measures for legionellosis in hospitals: A cross-sectional survey in Italy. Environ. Res. 2018, 166,
55-60. [CrossRef] [PubMed]

Institute of Statistics of the Autonomous Province of Trento (ISPAT). Statistical Yearbook 2018. (In Italian). Available online:
http:/ /www.statistica.provincia.tn.it/binary/pat_statistica_new /news/AnnStatEd2019Presentazione.1578495792.pdf (accessed
on 20 May 2021).

Backhaus, R.; Verbeek, H.; van Rossum, E.; Capezuti, E.; Hamers, ]J.P. Nurse staffing impact on quality of care in nursing homes:
A systematic review of longitudinal studies. ]. Am. Med. Dir. Assoc. 2014, 15, 383-393. [CrossRef] [PubMed]


http://doi.org/10.1001/jamanetworkopen.2020.17533
http://www.ncbi.nlm.nih.gov/pubmed/32789517
http://doi.org/10.15585/mmwr.mm7002e2
http://www.ncbi.nlm.nih.gov/pubmed/33444301
http://doi.org/10.1186/s12879-021-06093-9
http://doi.org/10.3390/ijerph17239045
http://doi.org/10.1101/2020.10.29.20222182
https://www.kff.org/coronavirus-covid-19/issue-brief/factors-associated-with-covid-19-cases-and-deaths-in-long-term-care-facilities-findings-from-a-literature-review/view/footnotes/#footnote-508312-29
https://www.kff.org/coronavirus-covid-19/issue-brief/factors-associated-with-covid-19-cases-and-deaths-in-long-term-care-facilities-findings-from-a-literature-review/view/footnotes/#footnote-508312-29
https://www.kff.org/coronavirus-covid-19/issue-brief/factors-associated-with-covid-19-cases-and-deaths-in-long-term-care-facilities-findings-from-a-literature-review/view/footnotes/#footnote-508312-29
http://doi.org/10.1080/08959420.2020.1764319
http://doi.org/10.3390/ijerph17103666
http://doi.org/10.3390/ijerph18062942
https://www.epicentro.iss.it/coronavirus/pdf/sars-cov-2-survey-rsa-rapporto-finale.pdf
https://www.epicentro.iss.it/coronavirus/pdf/sars-cov-2-survey-rsa-rapporto-finale.pdf
https://ec.europa.eu/eurostat/statiscs-explained
https://ec.europa.eu/eurostat/statiscs-explained
https://www.salute.gov.it/imgs/C_17_pubblicazioni_2980_allegato.pdf
https://www.salute.gov.it/imgs/C_17_pubblicazioni_2980_allegato.pdf
https://covid19trentino.fbk.eu/
http://www.protezionecivile.gov.it/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/HALT-3-LTCF-PPS-Protocol-v2.1.pdf
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/HALT-3-LTCF-PPS-Protocol-v2.1.pdf
http://doi.org/10.1016/j.jhin.2019.02.007
https://www.cdc.gov/hai/pdfs/IC/CDC_IC_Assessment_Tool_LTCF.pdf
https://www.cdc.gov/hai/pdfs/IC/CDC_IC_Assessment_Tool_LTCF.pdf
http://doi.org/10.1016/j.envres.2018.05.030
http://www.ncbi.nlm.nih.gov/pubmed/29864633
http://www.statistica.provincia.tn.it/binary/pat_statistica_new/news/AnnStatEd2019Presentazione.1578495792.pdf
http://doi.org/10.1016/j.jamda.2013.12.080
http://www.ncbi.nlm.nih.gov/pubmed/24529872

Int. J. Environ. Res. Public Health 2021, 18, 8434 16 of 17

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Ryskina, K.L.; Konetzka, R.T.; Werner, R.M. Association between 5-Star Nursing Home Report Card Ratings and Potentially
Preventable Hospitalizations. Inquiry 2018, 55, 46958018787323. [CrossRef] [PubMed]

Institute of Medicine (US) Committee on Improving Quality in Long-Term Care. Improving the Quality of Long-Term Care;
Wunderlich, G.S., Kohler, P.O., Eds.; National Academies Press (US): Washington, DC, USA, 2001. Available online: https:
/ /www.ncbinlm.nih.gov/books/NBK224500/ (accessed on 20 May 2021). [CrossRef]

Sugg, M.M.; Spaulding, T.].; Lane, S.J.; Runkle, ].D.; Harden, S.R.; Hege, A.; Iyer, L.S. Mapping community-level determinants of
COVID-19 transmission in nursing homes: A multi-scale approach. Sci. Total Environ. 2021, 15, 141946. [CrossRef] [PubMed]
White, E.M.; Kosar, C.M.; Feifer, R.A.; Blackman, C.; Gravenstein, S.; Ouslander, J.; Mor, V. Variation in SARS-CoV-2 Prevalence in
U.S. Skilled Nursing Facilities. . Am. Geriatr. Soc. 2020, 68, 2167-2173. [CrossRef]

Gorges, R].; Konetzka, R.T. Staffing levels and COVID-19 cases and outbreaks in U.S. nursing homes. J. Am. Geriatr. Soc. 2020, 68,
2462-2466. [CrossRef] [PubMed]

Malikov, K.; Huang, Q.; Shi, S.; Stall, N.M.; Tuite, A.R.; Hillmer, M.P. Temporal Associations between Community Incidence of
COVID-19 and Nursing Home Outbreaks in Ontario, Canada. J. Am. Med. Dir. Assoc. 2021, 22, 260-262. [CrossRef] [PubMed]
Gardner, W,; States, D.; Bagley, N. The Coronavirus and the Risks to the Elderly in Long-Term Care. J. Aging Soc. Policy 2020, 32,
310-315. [CrossRef]

He, M.; Li, Y.; Fang, F. Is There a Link between Nursing Home Reported Quality and COVID-19 Cases? Evidence from California
Skilled Nursing Facilities. . Am. Med. Dir. Assoc. 2020, 21, 905-908. [CrossRef] [PubMed]

Braun, R.T; Yun, H.; Casalino, L.P.,; Myslinski, Z.; Kuwonza, FM.; Jung, H.Y.; Unruh, M.A. Comparative Performance of Private
Equity-Owned US Nursing Homes During the COVID-19 Pandemic. JAMA Netw. Open. 2020, 3, €2026702. [CrossRef]

Fisman, D.N.; Bogoch, I.; Lapointe-Shaw, L.; McCready, J.; Tuite, A.R. Risk Factors Associated With Mortality Among Residents
With Coronavirus Disease 2019 (COVID-19) in Long-term Care Facilities in Ontario, Canada. JAMA Netw. Open. 2020, 3, e2015957.
[CrossRef]

Unruh, M.A,; Yun, H.; Zhang, Y.; Braun, R.T.; Jung, H.-Y. Nursing home characteristics associated with COVID-19 deaths in
Connecticut, New Jersey, and New York. . Am. Med. Dir. Assoc. 2020, 21, 1001-1003. [CrossRef]

Gopal, R;; Han, X.; Yaraghi, N. Compress the curve: A cross-sectional study of variations in COVID-19 infections across California
nursing homes. BMJ Open. 2021, 11, e042804. [CrossRef]

Stall, N.M.; Jones, A.; Brown, K.A.; Rochon, P.A.; Costa, A.P. For-profit long-term care homes and the risk of COVID-19 outbreaks
and resident deaths. CMA] 2020, 192, E946-E955. [CrossRef]

Gmehlin, C.G.; Munoz-Price, L.S. Coronavirus disease 2019 (COVID-19) in long-term care facilities: A review of epidemiology,
clinical presentations, and containment interventions. Infect. Control Hosp. Epidemiol. 2020, 1-6. [CrossRef] [PubMed]

Public Health England. Factors Associated with COVID-19 in CARE homes and Domiciliary Care, and Effectiveness of
Interventions: A Rapid Review. 2020. Available online: https:/ /phe.koha-ptfs.co.uk/cgi-bin/koha/opac-retrieve-file.pl?id=1bc5
eb8d6e5ef9a43c248ef08549ee53 (accessed on 20 May 2021).

Zimmerman, S.; Dumond-Stryker, C.; Tandan, M.; Preisser, J.S.; Wretman, C.J.; Howell, A.; Ryan, S. Nontraditional Small House
Nursing Homes Have Fewer COVID-19 Cases and Deaths. |. Am. Med. Dir. Assoc. 2021, 22, 489-493. [CrossRef]

Abrams, H.R.; Loomer, L.; Gandhi, A.; Grabowski, D.C. Characteristics of U.S. Nursing Homes with COVID-19 Cases. J. Am.
Geriatr. Soc. 2020, 68, 1653-1656. [CrossRef]

Figueroa, ].F; Wadhera, R K.; Papanicolas, I; Riley, K.; Zheng, J.; Orav, E.J.; Jha, A K. Association of nursing home ratings on
health inspections, quality of care, and nurse staffing with COVID-19 cases. JAMA 2020, 324, 1103-1105. [CrossRef] [PubMed]
Bui, D.P; See, I.; Hesse, E.M.; Varela, K.; Harvey, R.R.; August, E.M.; Winquist, A.; Mullins, S.; McBee, S.; Thomasson, E.; et al.
Association Between CMS Quality Ratings and COVID-19 Outbreaks in Nursing Homes—West Virginia, 17 March-11 June 2020.
MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 1300-1304. [CrossRef]

Harrington, C.; Ross, L.; Chapman, S.; Halifax, E.; Spurlock, B.; Bakerjian, D. Nurse Staffing and Coronavirus Infections in
California Nursing Homes. Policy Polit. Nurs. Pract. 2020, 21, 174-186. [CrossRef]

Chatterjee, P.; Kelly, S.; Qi, M.; Werner, R.M. Characteristics and Quality of US Nursing Homes Reporting Cases of Coronavirus
Disease 2019 (COVID-19). JAMA Netw. Open. 2020, 3, €2016930. [CrossRef] [PubMed]

Rolland, Y.; Lacoste, M.H.; de Mauleon, A.; Ghisolfi, A.; De Souto Barreto, P.; Blain, H.; Villars, H. Guidance for the Prevention of
the COVID-19 Epidemic in Long-Term Care Facilities: A Short-Term Prospective Study. J. Nutr. Health Aging 2020, 24, 812-816.
[CrossRef]

Herzig, C.T.; Stone, PW.; Castle, N.; Pogorzelska-Maziarz, M.; Larson, E.L.; Dick, A.W. Infection Prevention and Control Programs
in US Nursing Homes: Results of a National Survey. J. Am. Med. Dir. Assoc. 2016, 17, 85-88. [CrossRef]

Kariya, N.; Sakon, N.; Komano, J.; Tomono, K.; Iso, H. Current prevention and control of health care-associated infections in
long-term care facilities for the elderly in Japan. J. Infect. Chemother. 2018, 24, 347-352. [CrossRef]

Lee, M.H,; Lee, G.A.; Lee, S.H.; Park, Y.H. Effectiveness and core components of infection prevention and control programmes in
long-term care facilities: A systematic review. J. Hosp. Infect. 2019, 102, 377-393. [CrossRef] [PubMed]

Rios, P.; Radhakrishnan, A.; Williams, C.; Ramkissoon, N.; Pham, B.; Cormack, G.V.; Grossman, M.R.; Muller, M.P,; Straus, S.E.;
Tricco, A.C. Preventing the transmission of COVID-19 and other coronaviruses in older adults aged 60 years and above living in
long-term care: A rapid review. Syst. Rev. 2020, 9, 218. [CrossRef] [PubMed]


http://doi.org/10.1177/0046958018787323
http://www.ncbi.nlm.nih.gov/pubmed/30027799
https://www.ncbi.nlm.nih.gov/books/NBK224500/
https://www.ncbi.nlm.nih.gov/books/NBK224500/
http://doi.org/10.17226/9611
http://doi.org/10.1016/j.scitotenv.2020.141946
http://www.ncbi.nlm.nih.gov/pubmed/32889290
http://doi.org/10.1111/jgs.16752
http://doi.org/10.1111/jgs.16787
http://www.ncbi.nlm.nih.gov/pubmed/32770832
http://doi.org/10.1016/j.jamda.2020.12.011
http://www.ncbi.nlm.nih.gov/pubmed/33476568
http://doi.org/10.1080/08959420.2020.1750543
http://doi.org/10.1016/j.jamda.2020.06.016
http://www.ncbi.nlm.nih.gov/pubmed/32674817
http://doi.org/10.1001/jamanetworkopen.2020.26702
http://doi.org/10.1001/jamanetworkopen.2020.15957
http://doi.org/10.1016/j.jamda.2020.06.019
http://doi.org/10.1136/bmjopen-2020-042804
http://doi.org/10.1503/cmaj.201197
http://doi.org/10.1017/ice.2020.1292
http://www.ncbi.nlm.nih.gov/pubmed/33100245
https://phe.koha-ptfs.co.uk/cgi-bin/koha/opac-retrieve-file.pl?id=1bc5eb8d6e5ef9a43c248ef08549ee53
https://phe.koha-ptfs.co.uk/cgi-bin/koha/opac-retrieve-file.pl?id=1bc5eb8d6e5ef9a43c248ef08549ee53
http://doi.org/10.1016/j.jamda.2021.01.069
http://doi.org/10.1111/jgs.16661
http://doi.org/10.1001/jama.2020.14709
http://www.ncbi.nlm.nih.gov/pubmed/32790822
http://doi.org/10.15585/mmwr.mm6937a5
http://doi.org/10.1177/1527154420938707
http://doi.org/10.1001/jamanetworkopen.2020.16930
http://www.ncbi.nlm.nih.gov/pubmed/32725243
http://doi.org/10.1007/s12603-020-1440-2
http://doi.org/10.1016/j.jamda.2015.10.017
http://doi.org/10.1016/j.jiac.2017.12.004
http://doi.org/10.1016/j.jhin.2019.02.008
http://www.ncbi.nlm.nih.gov/pubmed/30794854
http://doi.org/10.1186/s13643-020-01486-4
http://www.ncbi.nlm.nih.gov/pubmed/32977848

Int. J. Environ. Res. Public Health 2021, 18, 8434 17 of 17

56.

57.

58.

59.

60.

61.

62.

63.

U.S. Government Accountability Office (GAO). Infection Control Deficiencies Were Widespread and Persistent in Nursing Homes
Prior to COVID-19 Pandemic. Available online: https://www.gao.gov/products/gao-20-576r (accessed on 20 May 2021).
Tinelli, M.; Tiseo, G.; Falcone, M.; ESCMID Study Group for Infections in the Elderly. Prevention of the spread of multidrug-
resistant organisms in nursing homes. Aging Clin. Exp. Res. 2021, 33, 679-687. [CrossRef] [PubMed]

World Health Organization. Infection Prevention and Control during Health Care When Coronavirus Disease (COVID-19) Is
Suspected or Confirmed: Interim Guidance, 29 June 2020. Available online: https://apps.who.int/iris/handle/10665/332879
(accessed on 20 May 2021).

Lombardo, EL.; Bacigalupo, I.; Salvi, E.; Lacorte, E.; Piscopo, P.; Mayer, F.; Ancidoni, A.; Remoli, G.; Bellomo, G.; Losito, G.;
et al. Ttalian National Institute of Health Nursing Home Study Group. The Italian national survey on Coronavirus disease 2019
epidemic spread in nursing homes. Int. |. Geriatr. Psychiatry 2021, 36, 873-882. [CrossRef]

Islam, M.S.; Rahman, K.M.; Sun, Y.; Qureshi, M.O.; Abdi, I.; Chughtai, A.A.; Seale, H. Current knowledge of COVID-19 and
infection prevention and control strategies in healthcare settings: A global analysis. Infect. Control Hosp. Epidemiol. 2020, 41,
1196-1206. [CrossRef]

Anderson, D.C.; Grey, T.; Kennelly, S.; O'Neill, D. Nursing Home Design and COVID-19: Balancing Infection Control, Quality of
Life, and Resilience. J. Am. Med. Dir. Assoc. 2020, 21, 1519-1524. [CrossRef]

Behrens, L.L.; Naylor, M.D. We are Alone in This Battle: A Framework for a Coordinated Response to COVID-19 in Nursing
Homes. J. Aging Soc. Policy. 2020, 32, 316-322. [CrossRef]

Heckman, G.A.; Kay, K.; Morrison, A.; Grabowski, D.C.; Hirdes, ].P.; Mor, V.; Shaw, G.; Benjamin, S.; Boscart, V.M.; Costa, A.P.;
et al. Proceedings from an International Virtual Townhall: Reflecting on the COVID-19 Pandemic: Themes from Long-Term Care.
J. Am. Med. Dir. Assoc. 2021, 22, 1128-1132. [CrossRef]


https://www.gao.gov/products/gao-20-576r
http://doi.org/10.1007/s40520-020-01746-2
http://www.ncbi.nlm.nih.gov/pubmed/33428170
https://apps.who.int/iris/handle/10665/332879
http://doi.org/10.1002/gps.5487
http://doi.org/10.1017/ice.2020.237
http://doi.org/10.1016/j.jamda.2020.09.005
http://doi.org/10.1080/08959420.2020.1773190
http://doi.org/10.1016/j.jamda.2021.03.029

	Introduction 
	Materials and Methods 
	Study Design 
	Setting 
	Outcomes and Data Sources 
	Analyses 

	Results 
	Discussion 
	Conclusions 
	
	References

