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Abstract

Background

Residents of Nursing Homes (NHs) have suffered greater impacts from the COVID-19 pan-

demic. However, the rates of COVID-19 in these institutions are heterogeneously distrib-

uted. Describing and understanding the structural, functional, and socioeconomic

differences between NHs is extremely important to avoid new outbreaks.

Objectives

Analyze inequalities in the cumulative incidences (CIs) and in the mortality rates (MRs) due

to COVID-19 in the NHs of Barcelona based on the characteristics of the NHs.

Methods

Exploratory ecological study of 232 NHs. The dependent variables were the cumulative inci-

dence and mortality rate due to COVID-19 in NHs between March and June 2020. Structural

variables of the NHs were evaluated such as neighborhood socioeconomic position (SEP),

isolation and sectorization capacity, occupancy, overcrowding and ownership.

Results

The cumulative incidence and mortality rate were higher in the low SEP neighborhoods and

lower in those of high SEP neighborhoods. Regarding the isolation and sectorization capac-

ity, Type B NHs had a higher risk of becoming infected and dying, while Type C had a lower

risk of dying than Type A. Greater overcrowding was associated with greater morbidity and

mortality, and higher occupancy was associated with higher incidence. The risk of becoming

infected and dying in public NHs was significantly higher than for-profit NH.
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Conclusions

The social components together with the functional and infrastructure characteristics of the

NHs influence the cumulative incidence and the mortality rate by COVID-19. It is necessary

to redefine the care model in the NHs to guarantee the health of the residents.

Introduction

The progressive aging of the population is magnifying the health, social and economic conse-

quences for today’s society. This demographic change is giving way to an increase in the

elderly population, which implies a higher prevalence of chronic diseases and frailty, resulting

in the loss of autonomy and assuming an increase in the demand for services such as nursing

homes for the elderly (NHs) [1].

NHs present a series of characteristics that expose residents to an increased risk of respira-

tory diseases and outbreaks [2–6]. The conditions of these facilities and the susceptibility of

their residents provide an environment conducive to the rapid spread of respiratory pathogens

that can enter to the NHs by their staff, visitors and new or transferred residents; and once

inside, spread rapidly among residents [3,7–9].

Before COVID-19 pandemic, influenza and other viruses such as parainfluenza, rhinovirus,

adenovirus, metapneumovirus, other coronaviruses, and respiratory syncytial virus, have been

described as outbreaks pathogens in NHs [10,11]. Previous studies show that NHs are not fully

prepared for respiratory virus outbreaks, with some cases reporting that even routine infection

control measures or vaccination were not enough to prevent illness, complications and deaths

[12–16].

In 2020, elderly people, especially those living in NHs, were particularly affected by

COVID-19. In an English study accounting of 9,000 NHs on the first wave of the pandemic,

more than half of the NHs reported at least one confirmed case [17]. In the USA, in the same

period, of 13,709 NHs, 39% reported at least one case [18]. Also, since the beginning of the

pandemic, COVID-19 outbreaks in NHs have accounted for the high mortality worldwide

[19–22]. By May, in Canada more than 80% of all COVID-19 deaths occurred in NHs [20],

while in Europe, almost half of all deaths were occurring in NHs in several countries [21],

where long-term care facilities, including NHs, registered 26 to 66% of all COVID-19 deaths

[23].

In Catalonia there were more than 64,000 people living in NHs in 2020 with a mean age of

83 years old [24,25]. From the start of the pandemic until June 1, around 36,500 people living

in NHs had been suspected of having COVID-19 and almost 14,000 had been confirmed,

implying that approximately 80% of the elderly who lived in NHs could have suffered from the

disease [25]. In terms of mortality, there were 3,965 deaths (confirmed and suspected cases) in

the NHs, which accounted for 33% of all deaths in Catalonia due to this cause [25]. In Barce-

lona, since the beginning of the pandemic until the end of June, the highest cumulative inci-

dence (CI) at 14 days per 100,000 inhabitants for the age group of 80–89 years old, was 902 in

the general population (non-institutionalized elderly), while in the elderly living in NHs, it was

12,775, a CI more than 10 times higher [26]. Regarding mortality per 100,000 inhabitants, dur-

ing the same period, the highest rate for the same age group was 200 in the general population,

and 2,094 in residents of NHs, a value also more than 10 times higher [26]. As for older people,

for the general population and for residents of 90 or more years old, the CI was 1,244 and

18,468, and the mortality rate was 701 and 5,279, respectively [26].
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It has been shown that the risk of morbidity and mortality in NHs are heterogeneous

according to the characteristics of the residents and the institutions [27–30]. Structural

and functional characteristics of NHs, such as sharing common spaces, having frequent con-

tacts with the same healthcare personnel, housing a large number of frail elderly people shar-

ing a room, difficulties of sectorization and isolation and even the ownership of these

institutions are determining factors that may increase the risk of infection by COVID-19

[2,3,7,8,20,31]. All this added to the axes of social inequality such as age, territory, or

social class may explain that the distribution of the COVID-19 epidemic has been concen-

trated in this group with greater frequency and severity than in other population segments

[32–34].

Given the high incidence and mortality rates due to COVID-19 in NHs in the city of Barce-

lona during the first wave of the current pandemic, it is essential to understand which charac-

teristics of the NHs are related to a greater probability of being affected by COVID-19.

Acknowledging the profile of the most affected NHs and their associated factors will make it

possible to improve prevention and control measures in these centers. Thus, the objective of

this study was to analyze differences in the cumulative incidence (CI) and mortality rate (MR)

of COVID-19 between the NHs of the city of Barcelona, according to their socioeconomic,

functional, and structural variables.

Methods

Design, study population and sources of information

Ecological exploratory study of the NHs of the city of Barcelona in the period from March to

June 2020. All the NHs of Barcelona that were cataloged in the RESES (Registry of Entities,

Services and Social Establishments) as “assisted residence” or “home residence” were included

in the study [35]. The NHs that closed during the study period were excluded, leaving an N of

232 residences (Fig 1).

The data on cases and deaths due to NHs were obtained from the GIR platform (Gestió

d’Informació de les Residències), a tool developed during the pandemic by the Department of

Social Rights of Catalonia (Departament de Drets Socials) to manage the pandemic in NHs.

This platform, created using Microsoft Dynamics CRM (customer relationship management),

contains information regarding the sociodemographic, functional, structural and health char-

acteristics of the NHs and relies on administrative data and self-reported data from the NHs.

Cases were defined from suspected and confirmed cases, while deaths were defined from

deaths of residents identified as cases. These data were collated and corrected in case of under-

reporting with the records of the System of Information of the Service of Primary Care (SISAP

—Sistema d’Informació dels Serveis d’Atenció Primària), which contain information from the

primary care teams and funeral homes. The data on the structure and operation of the NHs

were obtained from the GIR and the Internal Contingency Plans which is a document that

stipulates action protocols for NHs and contains details of its structural data. The socioeco-

nomic position data (SEP) of the NHs neighborhood were obtained from the Statistical

Department of the Barcelona City Council [36].

The study complied with the declaration of Helsinki and adheres to the ethical regulations

of the Barcelona´s Public Health Agency (Agència de Salut Pública de Barcelona). The data is

available for researchers who meet the criteria for access to confidential data. We had access to

the data as research staff of the Barcelona´s Health Consortium (Consorci Sanitari de Barce-

lona) and the Barcelona´s Public Health Agency, both as government institutions.
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Variables

The dependent variables of the study were the cumulative incidence (CI) and the mortality

rate (MR) due to COVID-19 in NHs during the period March 1 to June 22, 2020. Both were

defined as the number of incident cases or deaths during the study period divided by the num-

ber of residents at the beginning of the period per 100.

The explanatory variables were socioeconomic and structural indicators related to the NHs.

In the first place, the social economic position (SEP) of the neighborhood where the residence

is located was categorized into neighborhoods with upper middle income (> 126), medium

(79–126) or low (<79), based on the Available Family Income Index, a compound indicator

Fig 1. Flow diagram of the selection of the study population.

https://doi.org/10.1371/journal.pone.0269639.g001
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that allows knowing the relative SEP of each neighborhood of the city, where 100 corresponds

to the mean value [36]. The isolation and sectorization capacity were categorized at the begin-

ning of the pandemic according of: A: sufficient professionals and with the possibility of isola-

tion and sectorization; B: sufficient professionals, without the capacity to sectorize by zones,

but could isolate in individual rooms; C: without sufficient professionals and without the abil-

ity to isolate or sectorize [37]. The degree of occupancy of the center (ratio of the number of

residents at the beginning of the period between the registration capacity) was categorized as

"complete" or "partial", depending on whether the NHs had an occupancy greater or less than

95%, the maximum recommended occupancy by official regulations [38]. Crowding, mea-

sured by the ratio of residents at the beginning of the period by number of rooms, was catego-

rized according to terciles into high (T3), medium (T2) and low crowding (T1). The

ownership was categorized as NHs Private for-profit; Private not-for-profit; or Public [39].

Analysis plan

A descriptive analysis was performed, presenting continuous and categorical variables as

mean, median or absolute and percentage frequency (%), as appropriate. A bivariate analysis

was performed between the quantitative dependent variables IA and TM, and the socioeco-

nomic and structural variables of the NHs. For the categorical independent variables, the asso-

ciation between them was studied using the T-student test, ANOVA or Kruskal-Wallis, as

appropriate. Finally, Poisson regression models were fitted to estimate the crude and adjusted

relative risks (RRc and RRa, respectively) and their 95% confidence intervals (95% CI). The

multivariate models to estimate the RRa included those variables that were significant in the

crude models or that were considered relevant due to a previous bibliographic review.

These analyzes were conducted in Stata 13 statistical software.

Ethics statement

To guarantee confidentiality of the data and records, we adhered to the regulations established

by the Organic Law on the Protection of Personal Data 15/1999 in Spain, the European data

protection Law 2018/1725 and to the ethical principles for human research defined by the Hel-

sinki Declaration of 1964, revised and updated by the World Medical Organization (Edin-

burgh 2000). Data were collected for public health surveillance purposes. The information of

this ecological study is aggregated data, does not identify or have personal information, and is

free and available therefore the study did not required ethical approval.

Results

The mean CI was 36.7 x 100 residents, while the mean MR was 12.1 x 100 residents. Most of

the NHs in Barcelona belong to neighborhoods with a medium income (51.7%), followed by

neighborhoods with high income (36.3%) and low income (12%). Only 24.4% of the NHs have

type A sectorization and isolation capacity, with the majority being type B (43.1%) and 22.4%

of type C. 65.5% of the NHs had full occupancy and 33.1% had a high crowding. Most of the

NHs are private for-profit owned (74.1%), 15.5% are private not-for-profit and only 10% are

public owned (Fig 2).

Cumulative incidence (CI) according to socioeconomic and structural

variables of the NHs

Table 1 shows the cumulative incidence (CI) for COVID-19 during the period from March to

June 2020 per 100 residents. The CI presents a greater magnitude in the NHs of
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neighborhoods with low SEP (44.2%), followed by neighborhoods with a medium (39.7%) and

high SEP (29.8%). The risk of becoming infected by COVID-19 was 44% higher in the NHs of

neighborhoods of low SEP (RRa: 1.44; 95% CI = 1.34–1.55) and 28% higher in the NHs of

neighborhoods of medium SEP (RRa: 1.28; 95% CI = 1.21–1.34) compared with those in

neighborhoods of high SEP.

Mortality rate (MR) according to socioeconomic and structural variables of

the NHs

Table 2 shows that the MR per 100 residents presented a higher magnitude in the neighbor-

hoods with low SEP (15.9%), followed by those of medium (12.7%) and high (10.0%) SEP. The

risk of dying from COVID-19 was 51% higher in the NHs of neighborhoods with low SEP

(RRa: 1.51; 95% CI = 1.34–1.71), and 26% higher in the NHs of medium SEP (RRa: 1.26; 95%

CI = 1.15–1.37), compared to those of neighborhoods with high SEP.

Fig 2. Characteristics of the NHs. Description of the characteristics of the NHs of the city of Barcelona in the period March-

June 2020.

https://doi.org/10.1371/journal.pone.0269639.g002
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Discussion

The results of this study suggest that the social components together with the functional and

infrastructure characteristics of the NHs influence the incidence and mortality due to COVID-

19. A socioeconomic gradient was observed in the distribution of CI and MR, with a higher

frequency of both in the NHs of neighborhoods with low SEP. Regarding the isolation and sec-

torization capacity, type B NHs had a higher risk of having its residents becoming infected and

dying, while type C had a lower risk of dying than type A. The data also associated a greater

crowding with higher CI and MR and higher from COVID-19 were private for-profit NHs.

In the first place, the findings show that CI and MR during the first wave of COVID-19 in

the NHs show a pattern depending on the neighborhood’s SEP, with the most disadvantaged

Table 1. Cumulative incidence by COVID-19 of the nursing homes by socioeconomic and structural variables of the NHs in the period from March to June 2020 in

Barcelona.

BIVARIATE CRUDE RR ADJUSTED RR

Mean Median p value Relative Risk (95% CI) p value Relative Risk (95% CI) p value

SEP of neighborhood

high 29.85 19.52 0.03 a � 1 1

medium 39.75 39.84 1.33 (1.26–1.39) <0.001� 1.28 (1.21–1.34) <0.001�

low 44.21 50 1.48 (1.38–1.58) <0.001� 1.44 (1.34–1.55) <0.001�

Isolation and sectorization capacity

A 33.27 27.77 0.81 b 1 1

B 40.30 39.41 1.21 (1.15–1.27) <0.001� 1.25 (1.18–1.32) <0.001�

C 28.70 17.64 0.86 (0.79–0.93) <0.001� 0.93 (0.86–1.01) 0.10

Occupancy

partial 32.94 22.55 0.19 a 1 1

complete 38.68 36 1.17 (1.12–1.22) <0.001� 1.07 (1.02–1.12) <0.001�

Crowding

low 30.91 50.56 0.23 c 1 1

medium 41.40 70.31 1.33 (1.27–1.41) <0.001� 1.43 (1.35–1.51) <0.001�

high 37.87 71.87 1.22 (1.16–1.29) <0.001� 1.36 (1.28–1.45) <0.001�

Ownership

private for-profit 36.63 34.54 0.35 b 1 1

private not-for-profit 32.05 20.02 0.87 (0.82–0.93) <0.001� 1.02 (0.95–1.09) 0.46

public 44.19 46.14 1.20 (1.13–1.28) <0.001� 1.15 (1.06–1.24) <0.001�

SEP: Socioeconomic position; CI: Confidence Interval.

�P value <0.05;
a Ttest;
b ANOVA;
c Kruskal-Wallis.

The CI was higher in NHs with type B isolation and sectorization capacity (40.3%) followed by type A (33.3%) and type C (28.70%). Regarding type A NHs, type B had a

significantly higher risk (25%) of having cases (RRa: 1.25; 95% CI = 1.18–1.32).

Considering the occupancy, NHs of complete occupancy had a higher CI (38.6%) than those of partial occupancy (32.9%). The risk of becoming infected in complete

occupancy NHs was 7% higher than in NHs with partial occupancy (RRa: 1.07; 95% CI = 1.02–1.12).

The CI was higher in NHs that presented medium crowding (41.4%), followed by high (37.8%) and low crowding (30.3%). Residents from NHs of medium crowding

(RRa: 1.43; 95% CI = 1.35–1.51) and high crowding (RRa: 1.36; 95% CI = 1.28–1.45) had 43% and 36% greater risk of infection than in low crowded NHs.

Regarding the ownership, the CI was highest in the public owned NHs (44.1%), followed by the private for-profit (36.6%) and private not-for-profit (32.0%). Residents

of public owned NHs had a 15% higher risk than those of private for-profit ownership (RRa: 1.15; 95% CI = 1.06–1.24), but the relationship with private not-for-profit

NHs was not significant (RRa: 1, 02; 95% CI = 0.95–1.09).

https://doi.org/10.1371/journal.pone.0269639.t001
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areas being the most affected. These results are similar to official data that show territorial

inequalities, supporting the evidence that social factors impact quality of life, and that these

social determinants of health are worse in the more disadvantaged groups [32,40,41]. Territo-

rial inequalities mean that people living in low-income neighborhoods do not have the same

access to information, resources, services, and infrastructure as residents of high-income

neighborhoods, which is reflected in their health status [19,32,42,43]. In S1 Table the charac-

teristics of the NHs by SEP are observed.

The relationship between CI from COVID-19 and the crowding and occupancy of the NHs

indicates that facilities with less crowding and occupancy have less incidence and mortality.

Other studies also found similar results [30,44,45]. Social distancing, recommended as a form

of contagious prevention, can be difficult in highly crowded NHs, where crowds are more

Table 2. Mortality rate of nursing homes according to socioeconomic and structural variables in the period from March to June 2020 in Barcelona city.

BIVARIATE CRUDE RR ADJUSTED RR

Mean Median p value Relative Risk (95% CI) p value Relative Risk (95% CI) p value

SEP of neighborhood

high 10.05 5.26 0.04 b � 1 1

medium 12.70 10.50 1.26 (1.16–1.37) <0.001� 1.26 (1.15–1.37) <0.001�

low 15.98 11.25 1.58 (1.41–1.78) <0.001� 1.51 (1.34–1.71) <0.001�

Isolation and sectorization capacity

A 11.95 7.69 0.07b 1 1

B 13.21 11.40 1.10 (1.01–1.20) 0.02� 1.10 (1.00–1.21) 0.03�

C 8.26 4.65 0.69 (0.60–0.79) <0.001� 0.67 (0.58–0.78) <0.001�

Occupancy

partial 11.63 5.88 0.63a 1 1

complete 12.40 10.26 1.06 (0.98–1.15) 0.11 0.92 (0.85–1.00) 0.07

Crowding

low 10.48 7.14 0.28b 1 1

medium 12.70 10.93 1.21 (1.10–1.32) <0.001� 1.34 (1.21–1.48) <0.001�

high 13.24 8.69 1.26 (1.15–1.38) <0.001� 1.49 (1.34–1.66) <0.001�

Ownership

private for-profit 11.84 7.92 0.33 b 1 1

private not-for-profit 11.35 7.22 0.95 (0.86–1.06) 0.43 1.19 (1.06–1.33) <0.001�

public 15.38 15.52 1.29 (1.16–1.45) <0.001� 1.30 (1.14–1.48) <0.001�

SEP: Socioeconomic position; CI: Confidence Interval.

�P value <0.05;
a Ttest;
b ANOVA;
c Kruskal-Wallis.

Regarding the capacity of isolation and sectorization, the MR was higher in type B NHs (13.2%) followed by type A (11.9%) and type C (8.2%). The risk of dying in type

B NHs was 10% higher (RRa: 1.10; 95% CI = 1.00–1.21) and in type C it was 33% lower in relation to type A NHs (RRa: 0.67; 95% CI = 0.58–0.78).

Concerning the occupancy, the MR was higher in the NHs of complete occupancy (12.4%) than in those of partial occupancy (11.6%). In the adjusted analysis, complete

occupancy was not associated with higher MR (RRa: 0.92; 95% CI = 0.85–1.00).

The MR was higher in NHs that present high crowding (13.2%), followed by those with medium (12.7%) and low crowding (10.48%). Residents with medium (RRa:

1.34; 95% CI = 1.21–1.48) and high crowding (RRa: 1.49; 95% CI = 1.34–1.61) had 34% and a 49% higher risk of dying than in low crowded NHs, respectively.

Relative to the ownerships, the MR was highest in the public NHs (15.3%), followed by private for-profit (11.8%) and the private not-for-profit (11.3%). Publicly owned

NHs presented a 30% higher risk (RRa: 1.30; 95% CI = 1.14–1.48) and the private not-for-profit ones had a 19% higher risk (RRa: 1.19; 95% CI = 1.06–1.33) in relation

to private for-profit NHs.

https://doi.org/10.1371/journal.pone.0269639.t002
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common, healthcare personnel have contact with a greater number of residents, and there are

greater difficulties in isolating residents positive, resulting in a greater probability of morbidity

and mortality due to the virus [3,46].

Due to their poorer isolation and sectorization capacity, type B NHs present a greater risk

than type A of both becoming infected and dying. On the contrary, it was observed that type C

residences present better results than type A in mortality. In complementary analyses, it was

found that the majority of type C NHs are medium SEP, low overcrowding, medium occu-

pancy, and private for-profit ownership, while those of type A are mostly high SEP, have high

occupancy, high overcrowding and private for-profit (S2 Table). When stratifying CI and MR

by isolation and sectorization capacity and by SEP, we find that the risk of having cases in type

B increases as the SEP decreases, when comparing to type A NHs (S3 and S4 Tables). Type B

NHs have a 5% higher risk of having cases in high SEP (RR: 1.05; 95% CI = 0.98–1.05), 18%

higher risk in medium SEP (RR: 1.18 95% CI = 1.09–1.27), and 36% higher risk in those with

low SEP compared to type A NHs of the same SEP (RR: 1.36 95% CI = 1.19–1.55). In type C

NHs, this relationship is not maintained since those with low SEP have a lower risk compared

to type A (RR: 0.66 95% CI = 0.53–0.83). Regarding MR, in those of type B, the NHs of

medium SEP present a greater risk compared to those of type A (RR: 1.41 95% CI = 1.23–

1.63). While in the NHs of type C, those with low SEP are the ones that present better results

in relation to type A (RR: 0.51 95% CI = 0.34–0.75). These differences according to strata make

an interaction between the SEP and the isolation and sectorization capacity. Another explana-

tion would be that the NHs were classified as A, B or C at the beginning of the pandemic, but

their isolation and sectorization capacity, as well as the number of personnel, may have

changed over the months, which may have had a significant impact on the ability of these insti-

tutions to adhere to standard infection control protocols [47,48]. It is also necessary to remem-

ber that type C NHs, due to their inability to isolate cases or sectorize the residence, received

greater support from public organizations through the implementation of virus control mea-

sures such as the creation of contingency plans, the transfer of cases and contacts or the closure

of some NHs [49,50]. In addition to the effect of support for type C residences, the lower MR

suggests that the mechanisms that drive the risk of COVID-19 involvement in NHs are com-

plex and may depend on the conjunction of other unmeasured factors.

Finally, the analyses show that publicly owned NHs had higher morbidity and mortality

while private not-for-profit ones had higher mortality in relation to private for-profit NHs.

These findings differ from those presented in other studies that include the ownership of the

NHs [30,51,52]. It is presumed that an individual socioeconomic factor could have a participa-

tion on these results, due to a profile of residents with greater dependency and worse health

status in the public and private not-for-profit NHs, since the priority of access to public ser-

vices is determined by the degree of dependence and the economic capacity of the applicant,

favoring the admittance of the most vulnerable people [53] and increasing inequality with resi-

dents of private for-profit NHs, who tend to present better health as they belong to a higher

social class [32,54]. In addition, it is observed that of the private for-profit NHs, 39.5% are of

high SEP, while, of the public ones, only 4.17% are of high SEP (S5 Table), which suggests that

there may be other factors related to the SEP of the neighborhood that were not measured but

could affect the health results of the people who reside in said territory. It is also important to

mention that in Spain 44% of public NHs are managed by private companies or other entities

[55].

This study has some limitations. First, the GIR database contains self-reported data, which

may involve information biases. Unfortunately, some relevant variables that were on the GIR

survey had to be excluded from the study as the information provided was not reliable, such as

all the information about the number of caregivers and hours of work by profession, which
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consequently excluded the liability of rate of caregivers infected by COVID-19 during the

period. It is important to consider that shortage of health personnel during the pandemic in

the NHs was reported in various parts of the world. This shortage had a major impact not only

on the ability of these institutions to adhere to standard infection control protocols, but also

on their ability to provide necessary ongoing care that is not directly related to COVID-19

[47]. Second, this study uses data collected daily during the first months of the pandemic,

which may be underestimated or overestimated due to difficulties encountered in this period

to perform screening tests and due to possible differences in the validation of causes of death.

Furthermore, the results may be biased by unmeasured interacting or confounding factors,

such as the individual characteristics of the residents. Among its strengths, the sample includes

all the NHs of Barcelona. To reduce the possibility of information biases, the GIR’s self-

reported data were collated with data from the System of Information of the Service of Primary

Care (SISAP), which contain information from the primary care teams and funeral homes.

Regarding confusion and interaction biases, complementary analyzes were performed to better

explain the results and can be seen in the supporting information area. The rate of visits was

not measured in this study because in May of 2020 in Catalonia there were instructions from

the responsible administrators to restrict visits at NHs to the maximum and admission was

only allowed in cases of need or justified urgency during the period study [56,57]. The closure

of residences to visitors represented one of the first measures adopted by these centers as an

isolation mechanism against COVID-19. Differences on health services access were also not

measured as all the population is covered by the publicly financed National Health System that

provides universal coverage [58]. Considering all the limitations, this work offers results based

on the most reliable existing data on the NHs during this period. With the increase in aging

and life expectancy generating a greater number of residents in the NHs, more research is

required to know the characteristics of these centers that are associated with a better quality of

life for users and a lower risk of contracting communicable diseases. For this, it is essential to

have better information systems that collect data on structural and organizational aspects of

NHs and their residents, in order to build NHs basic services planning on evidence-based

policies.

The way in which NHs were affected in the pandemic reveals structural and systemic prob-

lems, reinforcing the need to evolve towards a new model of care that is prepared to deal with

new communicable diseases, promotes equity and protects the rights of residents. To achieve

this change in model, social-health technical groups are necessary at different levels of the

administration, to adjust the measures to be taken in times of outbreaks and redefine the basic

service to guarantee the health and social well-being of the residents. Some recommendations

derived from this study’s findings would include limiting the occupancy of the NHs and estab-

lishing the reservation of a number of rooms available for immediate use in case of need for

isolation, establishing a maximum number of residents per room, increasing the investment of

resources for public residences because they have a potentially more vulnerable resident popu-

lation that needs greater care, and at the same time, rigorously regulate private NHs, avoiding

the commercialization and dehumanization of their users.
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CATALUNYA.pdf.

2. Mcmichael TM, Clark S, Pogosjans S, Kay M, Lewis J, Baer A. COVID-19 in a Long-Term Care Facility

—King County, Washington, CDC Morbidity and Mortality Weekly Report. 2020; 69(12):339–42. https://

doi.org/10.15585/mmwr.mm6912e1 PMID: 32214083

3. Ministerio de derechos sociales y de la Agenda 2030. Informe del grupo de Trabajo de COVID-19 y resi-

dencias [Internet]. 2020. https://www.mscbs.gob.es/ssi/imserso/docs/GTCOVID_19_RESIDENCIAS.

pdf.

4. Kodama F, Born DA, Jump RLP. Respiratory Syncytial Virus and Other Noninfluenza Respiratory

Viruses in Older Adults. Infectious Disease Clinics of North America. 2017; 31(4):767–90. https://doi.

org/10.1016/j.idc.2017.07.006 PMID: 29079159

5. Loeb M, McGeer A, McArthur M, Peeling RW, Petric M, Simor AE. Surveillance for outbreaks of respira-

tory tract infections in nursing homes. Cmaj. 2000; 162(8):1133–7. PMID: 10789627

6. GBD Compare. Global Deaths per 100,000, both sexes, 70+ years [Internet]. Global Burden of Disease.

2019. https://vizhub.healthdata.org/gbd-compare/.

7. Lansbury LE, Brown CS, Nguyen-Van-Tam JS. Influenza in long-term care facilities. Influenza and

other Respiratory Viruses. 2017; 11(5):356–66. https://doi.org/10.1111/irv.12464 PMID: 28691237

8. Fisman DN, Bogoch I, Lapointe-Shaw L, McCready J, Tuite AR. Risk factors associated with mortality

among residents with coronavirus disease 2019 (COVID-19) in long-term care facilities in Ontario, Can-

ada. JAMA Netw Open. 2020; 3 (7): e2015957. https://doi.org/10.1001/jamanetworkopen.2020.15957

PMID: 32697325

9. McMichael TM, Currie DW, Clark S, Pogosjans S, Kay M, Schwartz NG, et al. Epidemiology of covid-19

in a long-term care facility in King County, Washington. New England Journal of Medicine. 2020; 382

(21):2008–11.

10. Kistler CE, Jump RLP, Sloane PD, Zimmerman S. The winter respiratory viral season during the

COVID-19 pandemic. Journal of American Medical Directors Association. 2020 Dec 1; 21(12):1741–5.

https://doi.org/10.1016/j.jamda.2020.10.030 PMID: 33256954

11. Olsen J, Winn A, Budd A, Prill M, Steel J, Midgley C, et al. Changes in Influenza and other respiratory

virus activity during the COVID-19 Pandemic—United States, 2020–2021. MMWR Morbidity and Mor-

tality Weekly Report. 2021; 70(29):1013–1019. https://doi.org/10.15585/mmwr.mm7029a1 PMID:

34292924

12. Burette P, Bouuaert C, Melin P, Yane F, Brochier B, Giet D. Influenza outbreak in a well-vaccinated

nursing home population in Belgium. Acta Clinica Belgica. 2009; 64(4):324–8. https://doi.org/10.1179/

acb.2009.050 PMID: 19810419

13. Seynaeve D, Augusseau-Rivière B, Couturier P, Morel-Baccard C, Landelle C, Bosson JL, et al. Out-

break of Human Metapneumovirus in a Nursing Home: A Clinical Perspective. Journal of American

Medical Directors Association. 2020 Jan 1; 21(1):104–109.e1.

14. Coles FB, Balzano GJ, Morse DL. An Outbreak of Influenza A (H3N2) in a well immunized nursing

home population. Journal of the American Geriatrics Society. 1992 Jun; 40(6):589–92. https://doi.org/

10.1111/j.1532-5415.1992.tb02108.x PMID: 1587976

15. Utsumi M, Makimoto K, Quroshi N, Ashida N. Types of infectious outbreaks and their impact in elderly

care facilities: A review of the literature. Age and Ageing. 2010 Mar 23; 39(3):299–305. https://doi.org/

10.1093/ageing/afq029 PMID: 20332371

16. Montoya A, Mody L. Common infections in nursing homes: A review of current issues and challenges.

Vol. 7, Aging Health. 2011. p. 889–99. https://doi.org/10.2217/AHE.11.80 PMID: 23264804

17. Thompson DC, Barbu MG, Beiu C, Popa LG, Mihai MM, Berteanu M, et al. The Impact of COVID-19

Pandemic on Long-Term Care Facilities Worldwide: An Overview on International Issues. Vol. 2020,

BioMed Research International. Hindawi Limited; 2020.

PLOS ONE Incidence and COVID19 mortality in nursing homes

PLOS ONE | https://doi.org/10.1371/journal.pone.0269639 June 13, 2022 12 / 15

https://www.aificc.cat/wp-content/uploads/2020/06/MODEL-DATENCI-A-LES-RESIDNCIES-DE-CATALUNYA.pdf
https://www.aificc.cat/wp-content/uploads/2020/06/MODEL-DATENCI-A-LES-RESIDNCIES-DE-CATALUNYA.pdf
https://doi.org/10.15585/mmwr.mm6912e1
https://doi.org/10.15585/mmwr.mm6912e1
http://www.ncbi.nlm.nih.gov/pubmed/32214083
https://www.mscbs.gob.es/ssi/imserso/docs/GTCOVID_19_RESIDENCIAS.pdf
https://www.mscbs.gob.es/ssi/imserso/docs/GTCOVID_19_RESIDENCIAS.pdf
https://doi.org/10.1016/j.idc.2017.07.006
https://doi.org/10.1016/j.idc.2017.07.006
http://www.ncbi.nlm.nih.gov/pubmed/29079159
http://www.ncbi.nlm.nih.gov/pubmed/10789627
https://vizhub.healthdata.org/gbd-compare/
https://doi.org/10.1111/irv.12464
http://www.ncbi.nlm.nih.gov/pubmed/28691237
https://doi.org/10.1001/jamanetworkopen.2020.15957
http://www.ncbi.nlm.nih.gov/pubmed/32697325
https://doi.org/10.1016/j.jamda.2020.10.030
http://www.ncbi.nlm.nih.gov/pubmed/33256954
https://doi.org/10.15585/mmwr.mm7029a1
http://www.ncbi.nlm.nih.gov/pubmed/34292924
https://doi.org/10.1179/acb.2009.050
https://doi.org/10.1179/acb.2009.050
http://www.ncbi.nlm.nih.gov/pubmed/19810419
https://doi.org/10.1111/j.1532-5415.1992.tb02108.x
https://doi.org/10.1111/j.1532-5415.1992.tb02108.x
http://www.ncbi.nlm.nih.gov/pubmed/1587976
https://doi.org/10.1093/ageing/afq029
https://doi.org/10.1093/ageing/afq029
http://www.ncbi.nlm.nih.gov/pubmed/20332371
https://doi.org/10.2217/AHE.11.80
http://www.ncbi.nlm.nih.gov/pubmed/23264804
https://doi.org/10.1371/journal.pone.0269639


18. Sugg M, Spaulding T, Lane S, Runkle J, Harden S, Hege A, et al. Mapping community-level determi-

nants of COVID-19 transmission in nursing homes: A multi-scale approach. Science of the Total Envi-

ronment. 2021; 752:141946. https://doi.org/10.1016/j.scitotenv.2020.141946 PMID: 32889290

19. Ordovás JM, Esteban M, Garcı́a-Retamero R, González López Valcárcel B, Gordaliza A, Inzitari M,
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