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Abstract

:

Background: Long-term care facility (LTCF) residents often present asymptomatic or paucisymptomatic features of SARS-CoV-2 infection. We aimed at investigating signs/symptoms, including their clustering on SARS-CoV-2 infection and mortality rates associated with SARS-CoV-2 infection in LTCF residents. Methods: This is a cohort study of 586 aged ≥ 60 year-old residents at risk of or affected with COVID-19 enrolled in the GeroCovid LTCF network. COVID-19 signs/symptom clusters were identified using cluster analysis. Cluster analyses associated with SARS-CoV-2 infection and mortality were evaluated using logistic regression and Cox proportional hazard models. Results: Cluster 1 symptoms (delirium, fever, low-grade fever, diarrhea, anorexia, cough, increased respiratory rate, sudden deterioration in health conditions, dyspnea, oxygen saturation, and weakness) affected 39.6% of residents and were associated with PCR swab positivity (OR = 7.21, 95%CI 4.78–10.80; p < 0.001). Cluster 1 symptoms were present in deceased COVID-19 residents. Cluster 2 (increased blood pressure, sphincter incontinence) and cluster 3 (new-onset cognitive impairment) affected 20% and 19.8% of residents, respectively. Cluster 3 symptoms were associated with increased mortality (HR = 5.41, 95%CI 1.56–18.8; p = 0.008), while those of Cluster 2 were not associated with mortality (HR = 0.82, 95%CI 0.26–2.56; p = 730). Conclusions: Our study highlights that delirium, fever, and low-grade fever, alone or in clusters should be considered in identifying and predicting the prognosis of SARS-CoV-2 infection in older LTCF patients.
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1. Introduction


Clinical presentations of coronavirus disease-19 (COVID-19) can significantly vary from asymptomatic infection to severe respiratory failure [1]. In adults, common clinical manifestations of COVID-19 include nasal secretions, cough, dyspnea, fever, myalgia, and occasionally diarrhea. Approximately 15% have developed acute respiratory distress syndrome that may last from 5 to 14 days [2]. Reflecting that COVID-19 infection symptoms particularly vary in older LTCF adults, numerous atypical manifestations including delirium, falls, muscle wasting, anorexia, and cachexia have been shown to be associated with COVID-19 infection [3]. Therefore, the need to quickly recognize COVID-19 infection in these residents in order to protect against negative prognostic outcomes as well as rapidly reduce the spread of the infection in this setting remains crucial. Indeed, older residents commonly suffer from multiple comorbidities that may mimic SARS-CoV-2 infection, thus underlining clinical difficulties related to identifying COVID-19 in this setting. Recent literature has underlined that older residents with three or more chronic diseases, such as dementia or cognitive impairment, malnutrition, or central and peripheral arterial disease have a higher risk of an infection from SARS-CoV-2 [4]. Interestingly, these authors also found that mortality was significantly higher in SARS-CoV-2-positive residents than in SARS-CoV-2-negative residents with suspicious symptoms (21.6% vs. 10.8%, respectively) [4]. At the moment, implications and clinical relevance of asymptomatic and paucisymptomatic COVID-19 residents remain unclear as well as specific treatment options and type of clinical monitoring in LTCF residents [5]. The prevalence of asymptomatic cases greatly varies, from 16% to 69.7% in populations worldwide [6].



Even though anti-SARS-CoV-2 vaccines have shown to significantly lower mortality rates, infection rates in LTCFs remain high. It also is still unclear why clinical presentations of COVID-19 infection in older patients largely vary (asymptomatic, typical clinical symptoms or atypical symptoms), thus underlining an urgent need to identify which presentations may be significantly related to negative clinical outcomes. In this study, we aimed at identifying signs or symptoms, as well as the clustering of signs/symptoms, associated with a SARS-CoV-2 infection and evaluate the related risk on negative outcomes including mortality.




2. Materials and Methods


GeroCovid LTCFs is a part of the GeroCovid Observational Study, a multi-center and multi-setting study evaluating the impact of the COVID-19 pandemic on the health outcomes of older patients in numerous clinical settings of acute and long-term care [7,8].



2.1. Participants


The GeroCovid LTCF cohort included 39 sites from 6 Italian regions (n = 2380). For this study analysis, we included nine study sites that reported positive COVID-19 cases from 1 March 2020 to 31 December 2020. For study purposes, we included 586 residents aged ≥ 60 years with suspicious signs or symptoms or who were considered at a high risk of a COVID-19 infection.



Onset symptoms included: (i) “typical” (cough, nasal congestion, hoarseness, sore throat, wheezing, sneezing, loss of sense of smell or taste, or high temperature); (ii) “atypical” (diarrhea, vomiting, anorexia, delirium, weakness). High-risk contacts were defined as residents who had direct physical contact with a COVID-19 confirmed case or were in a closed environment with a COVID-19 confirmed case in the absence of suitable personal protective equipment. Furthermore, all new residents admitted to the LTCF or readmitted after a period of hospitalization were considered at risk of infection. Residents with suspicious signs and/or symptoms or at risk of COVID-19 infection were isolated and tested for SARS-CoV-2 positivity using PCR–RNA testing. According to swab results, residents were then categorized as positive or negative for SARS-CoV-2 infection [4].



Mobility assessments over the last month were determined using data from the Frailty Anamnestic Criteria [9]. Low-grade fever was defined as a body temperature ranging from 37 °C to 37.5 °C, while high-grade fever was defined as a body temperature higher than 37.5 °C.




2.2. Measures and Data Collection


Data on sociodemographic variables, comorbidities, polypharmacy, mobility, symptoms, SARS-CoV-2 swab testing, and outcome (clinical course, transfer to a different setting, death) were collected.



The Campus Bio-Medico University Ethical Committee approved the overarching protocol of the GeroCovid Observational study on 3 April 2020 (Trial Registration: NCT04379440). All participating investigational sites gained approval from their local Ethical Committee review board. Informed consent was aquired and the data were collected using a national de-identified electronic registry provided by BlueCompanion.




2.3. Statistical Analysis


The clinical characteristics of the study participants are reported as means ± standard deviation (SD) or median [25–75th percentile] for quantitative measures and as counts or percentages for categorical variables. The normality of the distributions was evaluated using the Shapiro–Wilk test. Clinical characteristics were summarized and compared among groups (positive vs negative SARS-CoV-2 swab) using the chi-squared or Fisher’s exact tests for the categorical variables and the generalized linear model or the Wilcoxon rank-sum test for the quantitative ones. A multivariable logistic regression model adjusted for age, sex, and comorbidity (defined as having three or more comorbidities, according to the median of the sample distribution) evaluated the correlation of having a positive swab with reported signs and symptoms. A stepwise analysis on symptoms was performed with a p-value of 0.15 to entry and a p-value 0.20 to be retained in the model. Tjur R2 was calculated to evaluate the predictive power of the model [10]. The results are presented as adjusted odds ratios (OR) and 95% confidence intervals (95%CI).



The presence of clusters among COVID-19 symptoms was evaluated using a hierarchical cluster analysis (McQuitty method) as a similarity measure of the proportion of observations when two symptoms were simultaneously present. A dendrogram (a tree-like diagram that illustrates the relationships between symptoms according to the measure of similarity chosen) obtained from cluster analysis was evaluated. The horizontal axis represents the similarity between clusters, while the vertical axis represents the considered symptoms, and each joining of two clusters is represented by the splitting of a horizontal line into two horizontal lines. This analysis started with individual symptoms, and clusters of the most similar symptoms were progressively formed, joining symptoms and clusters until all symptoms were joined into a single large cluster. The association between each cluster and a positive SARS-CoV-2 swab was evaluated using logistic regression models adjusted for age and sex.



Cox proportional hazard models were performed to determine probability risk of short-term mortality, and independent covariates regarding age, sex, number of comorbidities, and COVID-19 positivity were included in models. Additional Cox models with symptom clusters as independent variables adjusted for age, sex, and number of comorbidities were also performed. The results are presented as adjusted hazard ratios (HR) and 95% confidence intervals (95%CI).



All statistical tests were two-tailed, and statistical significance was assumed for p-value < 0.05. The analyses were performed using SAS, V.9.4 (SAS Institute, Cary, NC, USA).





3. Results


The study included 586 residents (mean age 84.8 ± 8.5 years, range 60–100 years, 72.9% women) based on the presence of suspicious signs and/or symptoms of a SARS-CoV-2 infection and those at a high risk of a SARS-CoV-2 infection. SARS-CoV-2 RNA testing using RT-PCR was performed in 583 residents and identified 209 positive SARS-CoV-2 residents. As reported in Table 1, the use of polypharmacy (median number of seven drugs) and having three or more comorbidities were significantly higher in those with a SARS-CoV-2 infection compared with those without infection. Furthermore, mobility worsening in the last month was significantly higher in those with SARS-CoV-2 infection compared with those without (72% vs. 28%) (p < 0.001).



An amount of 503 residents had full data regarding any signs and/or symptoms of infection. Of these, approximately 30% of SARS-CoV-2-positive residents did not report any symptoms, while over 70% reported at least one symptom (Table 2). The most common symptom in older residents with a SARS-CoV-2 infection was delirium (41.2%), followed by high-grade fever (39.1%), low-grade fever (36.2%), sudden worsening of health status (35%), weakness (32.1%), low oxygen saturation at rest (SpO2 < 90%) (29.6%), anorexia (27.0%), dyspnea (26.1%), diarrhea (21.6%), and diuresis contraction (14.2%) (Table 2). According to logistic regression analyses, clinical features associated with RT-PCR positivity were delirium (OR = 9.9; 95%CI: 3.5–27.5; p < 0.001), high-grade fever (OR = 7.0; 95%CI: 3.1–16.1; p < 0.001), low-grade fever (OR = 4.3; 95%CI: 1.5–12.2; p = 0.006), and having three or more comorbidities (OR = 2.0; 95%CI: 1.0–3.7; p = 0.038) (Figure 1). The prevalence of delirium as the onset symptom of a SARS-CoV-2 infection was significantly higher in residents with dementia compared with those without dementia (27.1% and 10.5%, respectively; p = 0.001).



Cluster analysis identified three symptom clusters (Figure 2): Cluster 1, which included delirium, fever, low-grade fever, diarrhea, anorexia, cough, increased respiratory frequency, dyspnea, low oxygen saturation at rest, and weakness/prostration, was present in 39.6% of the residents; Cluster 2 included recent-onset incontinence, increased blood pressure, and the inability to fill a self-evaluation questionnaire and was present in 20% of the residents; Cluster 3 was defined by new-onset cognitive impairment and included 19.8% of residents. The percentage of residents for each cluster and the association with a positive or negative SARS-CoV-2 swab test are reported in Figure 3. Only Cluster 1 and Cluster 3 symptoms were significantly associated with an increased probability of having a positive PCR swab test (OR = 7.21, 95%CI: 4.8–10.8, p < 0.001; OR = 2.05, 95%CI: 1.18–3.56, p = 0.01, respectively), while symptoms in Cluster 2 did not correlate with a positive PCR test (OR = 0.75, 95%CI: 0.44–1.29, p = 0.295).



Residents were observed for a median time of 61 days, and those with positive swab test had a median duration of RT-PCR positivity for 20 days. At the end of the observation period, 71.4% of SARS-CoV-2-positive residents who had only one symptom and 47% of those with two or more symptoms showed clinical improvement. No statistical differences were found between SARS-CoV-2 positive and negative residents according to outcomes in all-cause hospitalizations and transfers to different care settings (8% vs 2% respectively; p = 0.115). Mortality probability rates were 19.6% and 9.6% in SARS-CoV-2 positive and negative residents, respectively. Cox regression analysis adjusted for sex and age showed that SARS-CoV-2 positivity (HR = 2.6, 95%CI: 1.8–4.6, p < 0.001) and the number of comorbidities (HR = 1.3, 95%CI: 1.1–1.3, p < 0.001) were significantly associated with a higher risk of mortality. In additional Cox regression analyses including symptom clusters, we found that Cluster 2 was not related to mortality (HR = 0.82, 95%CI: 0.26–2.56, p = 0.730), while Cluster 3 was significantly associated with an increased mortality rate (HR = 5.41, 95%CI: 1.56–18.8, p = 0.008). All deceased SARS-CoV-2 positive residents had symptoms found in Cluster 1.




4. Discussion


Our findings confirm recent reports underlining that the clinical presentation of SARS-CoV-2 infection in older residents differs from those in young and adult individuals [11,12,13]. Interestingly, we found that older residents often presented atypical and nonspecific symptoms, such as delirium, low-grade fever, and anorexia and were less likely to have dyspnea, ageusia, and anosmia. Indeed, the high prevalence of asymptomatic cases complicates infection identification, control, and the containment of new SARS-CoV-2 infections in LTCFs. Standardized assessments of single or multiple atypical signs and/or symptoms should quickly prompt COVID-19 testing in older LTCF residents. Although high- and low-grade fevers were common findings in our study, fever was not invariably present among residents with a SARS-CoV-2 infection. High-grade fever added specificity compared with low-grade fever for COVID-19 screening in our sample (high-grade fever in 39.1% of residents vs. low-grade fever in 36.2%). According to a previous observation [14], most residents had body temperature elevations when infected with SARS-CoV-2, but rarely over 38.0 °C. Indeed, low-grade fever should be suspicious of an infection due to COVID-19 in older LTCF residents.



Delirium was the most prevalent onset symptom for a SARS-CoV-2 infection. Our finding parallels those of previous studies underlining that environmental and iatrogenic factors such as immobility, social distancing, use of sedative drugs, and quarantine increased the risk of delirium in older people in acute care [15] and in home-dwelling adults with dementia [16]. A literature analysis reported that mechanisms related to hypoxia, inflammation, and hypercoagulability in cerebrovascular events could explain the correlation between SARS-CoV-2 infection and neurological manifestations [17,18]. Along with delirium, anorexia was another prevalent symptom in our cohort and confirmed to be an important indicator of acute illness, including SARS-CoV-2 infection, in nursing home residents [19]. Interestingly, we found that hypoactive delirium in association with low- or high-grade fever, anorexia, and diarrhea was highly predictive of a SARS-CoV-2 infection. Deceased residents with a SARS-CoV-2 infection experienced more symptoms found in Cluster 1 compared with survivors. Moreover, multimorbidity (≥3 conditions) and dementia were significantly associated with SARS-CoV-2 positivity and mortality among residents. We also found that mortality not related to SARS-CoV-2 was significantly higher in residents with a negative RT-PCR test who presented with symptoms suspicious of infection [4]. Similarly, the probability of death was significantly increased in those with new-onset cognitive impairment. This finding suggests a potential role for the use of using standardized screening tools to measure cognitive impairment and delirium in SARS-CoV-2-infected LTCF residents. Future prospective studies are needed to provide important knowledge to this topic.



An additional finding from our study lies in the remarkable number of asymptomatic or paucisymptomatic residents who remained positive for several weeks. At the time of analysis, infected residents underwent prolonged periods of social isolation with negative consequences for psychological and functional status. At the moment, the European Centre for Disease Prevention and Control recommends that isolation can be lifted if one of the following applies: fever no longer present for at least 3 days, symptoms other than fever improved 20 days after the onset of symptoms, or 2 consecutive negative SARS-CoV-2 RT-PCR tests obtained in a 24-h interval from respiratory specimens [20,21]. Although the disease prognosis remains difficult to predict, most residents with a SARS-CoV-2 infection can be treated directly in LTCFs. Expertise in geriatric medicine along with appropriate staff and resources (including PPE and testing capacity) and health care policy support should be implemented in order to manage LTFS populations [22].



LTCFs in Italy have shown progressive reductions in severe SARS-CoV-2 cases, isolations, hospitalizations, and deaths since February 2021, which may be explained by the large implementation of anti-SARS-CoV-2 vaccinations [23]. Despite these encouraging results, outbreaks of COVID-19 among older vaccinated adults continue both in Italy and worldwide. Therefore, knowledge of symptoms and cluster-onset symptoms may assist in early identifying a SARS-CoV-2 infection, especially in older LTCF residents [24].



Due to the observational nature of our study, we cannot identify any cause–effect relationships between SARS-CoV-2 infection and mortality. However, our study provides an important basis for future prospective studies on specific clusters related to higher mortality rates. This research was conducted in LTCF settings, and thus, our findings may not be applicable in all types of care settings. An important strength of our study was the use of an electronic registry dedicated to precise clinical data collection in multiple settings of older persons during the first pandemic wave.




5. Conclusions


LTCF residents commonly present an asymptomatic or paucisymptomatic form of SARS-CoV-2 infection. In symptomatic patients, we found that key SARS-CoV-2 infection symptoms included delirium and fever (including low-grade fever), alone or in clusters. Therefore, these symptoms should be considered in early identifying and potentially predicting the prognosis of SARS-CoV-2 infection in LTCF residents. Due to the highly contagious risk of SARS-CoV-2 spread in LTCFs, early recognition of an atypical COVID-19 presentation is pivotal.
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Figure 1. The associations between clinical features and SARS-CoV-2 infection (according to PCR swab testing). Logistic regression model using stepwise analysis (sle = 0.15; sls = 0.20), adjusted for age, sex, and comorbidity (defined as having 3+ chronic diseases). Symptoms reported by at least 5% of study participants (including fever, low-grade fever, cough, dyspnea, low oxygen saturation at rest, weakness/prostration, delirium, anorexia, diarrhea, sudden worsening of health status, diuresis contraction, urine or feces incontinence, inability to ask questions, inability to fill a self-evaluation questionnaire) were considered possible independent variables. 
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Figure 2. The dendrogram of symptom clusters (n = 503 participants independent of swab results; McQuitty method; only symptoms reported for 5% or more of the study participants were included). 
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Figure 3. Participants (%) in each cluster and SARS-CoV-2 swab test results. 
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Table 1. Characteristics of older adults from the GeroCovid LTCFs study: overall population and by SARS-CoV-2 positive or negative swab results.
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All

(n = 586)

	
SARS-CoV-2 +

(n = 209)

	
SARS-CoV-2 −

(n = 374)

	
p-Value






	
Age, year, mean ± SD

	
84.8 ± 8.5

	
85.5 ± 8.1

	
84.4 ± 8.6

	
0.19




	
Sex, female, n (%)

	
427 (72.9)

	
152 (72.7)

	
273 (73.0)

	
0.94




	
Smoking status, n (%)

	

	

	

	
0.08




	
Current smoker

	
11 (3.8)

	
1 (1.1)

	
9 (4.6)




	
Ex-smoker

	
46 (15.8)

	
20 (21.3)

	
26 (13.3)




	
Non smoker

	
234 (80.4)

	
73 (77.7)

	
160 (82.0)




	
Number of drugs, median (Q1, Q3)

	
5 (4, 7)

	
7 (5, 10)

	
5 (3, 7)

	
<0.001




	
Total number of chronic diseases, median (Q1, Q3) (available for n = 594)

	
3 (2, 5)

	
3 (2, 4)

	
2 (1, 4)

	
0.002




	
Chronic diseases, n (%)

	

	

	

	
<0.001




	
0, 1, 2

	
224 (38.2)

	
57 (27.3)

	
167 (44.7)




	
3+

	
365 (61.8)

	
152 (72.7)

	
207 (55.3)




	
Worsening of mobility in the last month, n (%) (available for n = 271 residents)

	
116 (42.8)

	
67 (72.0)

	
49 (27.5)

	
<0.001








Abbreviations: SD, Standard Deviation; Q1, Quartile 1; Q3, Quartile 3.
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Table 2. Symptoms of older adults from the GeroCovid LTCFs study, according to SARS-CoV-2 infection status.
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SARS-CoV-2 +

(n = 179)

	
SARS-CoV-2 −

(n = 324)

	
p-Value






	
No symptoms, n (%)

	
53 (29.6)

	
203 (62.7)

	
<0.001




	
At least one symptom, n (%)

	
126 (70.4)

	
121 (37.3)

	
<0.001




	
Fever, n (%)

	
70 (39.1)

	
21 (6.5)

	
<0.001




	
Low-grade fever, n (%)

	
64 (36.2)

	
8 (2.5)

	
<0.001




	
Pharyngodynia, n (%)

	
1 (1.3)

	
3 (1.0)

	
1.000




	
Cough, n (%)

	
21 (12.4)

	
16 (5.0)

	
0.003




	
Sneezing, n (%)

	
4 (2.3)

	
6 (1.9)

	
0.72




	
Dyspnoea, n (%)

	
46 (26.1)

	
18 (5.7)

	
<0.001




	
Low oxygen saturation after walking, n (%)

	
2 (2.0)

	
6 (2.1)

	
1.000




	
Low oxygen saturation at rest (<90%), n (%)

	
37 (29.6)

	
15 (4.9)

	
<0.001




	
S 02 %, mean±SD

	
95 (93, 96)

	
97 (96, 98)

	
<0.001




	
Weakness/Prostration, n (%)

	
52 (32.1)

	
41 (12.7)

	
<0.001




	
Fall or fainted, n (%)

	
1 (0.9)

	
7 (2.3)

	
0.69




	
Muscles aching, n (%)

	
10 (6.6)

	
13 (4.1)

	
0.24




	
Delirium, n (%)

	
49 (41.2)

	
7 (2.3)

	
<0.001




	
Conjunctivitis, n (%)

	
3 (1.8)

	
5 (1.6)

	
1.000




	
Loss of smell (if new), n (%)

	
0 (0.0)

	
0 (0.0)

	
--




	
Loss of taste, n (%)

	
3 (2.2)

	
2 (0.6)

	
0.17




	
Anorexia, n (%)

	
30 (27.0)

	
20 (6.6)

	
<0.001




	
Nausea/vomiting, n (%)

	
12 (7.2)

	
4 (1.3)

	
0.004




	
Diarrhea, n (%)

	
36 (21.6)

	
12 (3.8)

	
<0.001




	
Raynaud syndrome, n (%)

	
4 (3.5)

	
0 (0.0)

	
0.005




	
Cutaneous symptoms, n (%)

	
6 (5.1)

	
2 (0.7)

	
0.007




	
Sudden worsening of health status, n (%)

	
43 (35.0)

	
5 (1.6)

	
<0.001




	
Aphasia/dysnomia, n (%)

	
1 (1.0)

	
6 (2.0)

	
0.68




	
Cognitive Impairment, n (%)

	
27 (30.0)

	
49 (16.3)

	
0.004




	
Diuresis contraction, n (%)

	
17 (14.2)

	
5 (1.6)

	
<0.001




	
Urines of faeces incontinence, n (%)

	
5 (4.5)

	
47 (15.9)

	
0.002




	
Unable to ask questions, n (%)

	
3 (4.4)

	
24 (9.2)

	
0.21




	
Unable to fill a self-evaluation questionnaire, n (%)

	
7 (10.6)

	
35 (13.6)

	
0.52




	
Number of symptoms, median (Q1, Q3)

	
2 (0, 6)

	
0 (0, 2)

	
<0.001




	
Number of symptoms, n (%)

	

	

	
<0.001




	
0

	
53 (29.6)

	
203 (62.7)




	
1

	
25 (14.0)

	
36 (11.1)




	
2+

	
101 (56.4)

	
85 (26.2)








Abbreviations: Q1, Quartile 1; Q3, Quartile 3.
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