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Abstract
Background: During the COVID-19 pandemic, individuals residing in long-term care facilities (LTCF) are particularly
vulnerable to adverse outcomes due to their higher rates of frailty, disabilities, cognitive impairment, dementia, and
chronic illnesses. In low and middle-income nations, research on immunizing frail populations is lacking, while most
studies on COVID-19 in LTCF come from wealthier nations and may not fully capture the situation in emerging
countries. 

Methods: We aimed to evaluate the effectiveness of �rst, second and third COVID-19 vaccine doses, against infections,
hospitalizations, and deaths, and their association with frailty, age, sex and chronic disease, among older adults, in a
social vulnerability context. This retrospective cohort study, comprises a total of 712 older adults, in a social
vulnerability context, of 29 LTCF, in Brazil. Continuous variables were described by medians and interquartile ranges
and categorical variables were represented by absolute and relative frequencies. The Mann-Whitney test was used. For
evaluating the relation between categorical variables, Pearson's chi-square test was used. When comparing proportions,
the Z test of proportion was applied. A signi�cance level of 5% was considered. 

Results: Median age was 81.37 years, 72.8% were female, 94.61% were frail, 79.97% had a cognitive impairment,
69.54% had a mobility impairment, 78.37% have, at least, one chronic disease and 72.73% use �ve or more medications
per day. Before the vaccine, mobility impairment was associated with great contamination rates (p=.03); frailty (p=.02)
and previous pulmonary disease (p=.03) with symptoms of gravity; frailty (p=.02), pulmonary disease (p=.04) and male
sex (p=.02) with emergency care or hospital admission. After the third vaccine dose, only frailty remains associated
with admissions (p=.03). The number of positive cases (p=.001), symptomatic patients (p<.001), admissions (p=.001)
and deaths (p<.001) were substantially reduced after the three vaccine doses. 

Conclusions and Implications: Even in a frail population, the vaccine was effective, in the reduction of positive cases,
the number of symptomatic patients, admission to emergency or hospital care and deaths. Before the vaccine, frailty,
previous pulmonary disease and male sex were associated with worse outcomes. After the vaccine, frailty remains
associated with a major number of admissions.

Background
In the COVID-19 pandemic, long-term care facilities (LTCF) residents represent those at greatest risk of poor outcomes,
including high mortality rates and prolongate hospitalization.1,2 

Older adults who live in LTCF have an elevated prevalence of frailty, disabilities, cognitive impairment, dementia and a
heightened burden of chronic in�rmities, in comparison to their community-residing counterparts.3,4

In the general population, discernible risk factors for mortality and hospital admission encompass the male gender,
advancing age, chronic diseases (diabetes, hypertension, kidney disease, cardiovascular disease, obesity, pulmonary
disorders, malignancies) and frailty.5-7 In the LTCF residents, increased age, frailty, male gender, impaired cognitive
function and impaired physical function have all evinced association with mortality.8-10 

In the context of low and middle-income nations, studies evaluating immunization in frail populations remain scarce,
since they are routinely excluded from trials. The majority of the studies evaluating COVID-19 in LTCF have been
conducted in developed countries, which may not re�ect the realities of emerging countries. Inequality was shown as a
determinant agent of disparate outcomes in the COVID-19 pandemic.11-13 The suboptimal healthcare provisioning,
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prevalent in low and middle-income countries, invariably contribute to a heightened prevalence of frail older adults, with
a high number and gravity of chronic ailments.14,15 

In this study, we aimed to evaluate the effectiveness of COVID-19 vaccines among frail and socially vulnerable LTCF
residents, in a middle-income country. After a meticulous survey of existing literature, we could not identify prior studies
that have evaluated the vaccine e�cacy within a comparable demographic pro�le. Therefore, we sought to evaluate the
response of �rst, second and third COVID-19 vaccine doses, against infections, hospitalizations, and deaths, and the
association of frailty, age, sex, cognitive impairment, mobility impairment, chronic diseases and polypharmacy with
those outcomes. This study encompasses the periods of alpha, gamma, delta, and omicron variants, which provides a
better understanding of vaccine effectiveness, against different lineages. 

Methods
Study Design

This is a retrospective cohort study, conducted across 29 LTCF located in a prominent city in southeastern Brazil. The
study took place during the period from January 2021 to September 2022. 

Study participants

The enrolled LTCF were characterized as philanthropic institutions, being �nancially supported by religious
organizations as well as the local public social assistance department.

All residents within these institutions were invited to participate in the study. Exclusion criteria were limited to patients
who declined research participation.

Data collection

Within the designated LTCF, a universal SARS-CoV-2 testing approach was adopted: when any resident or staff member
exhibited symptoms, the entire population of residents and workers underwent testing, using PCR-based assays of
nasopharyngeal swab. 

The research team conducted a daily monitoring of newly con�rmed positive cases and the clinical progression of
participants who tested positive. Information concerning emergency care or hospital admissions and deaths was
updated routinely. Reported mortality cases were subsequently cross-referenced with the national death registry.

Vaccination details encompassing dates, vaccine types, and the dosing regimen, were extracted from the national
vaccination registry card, of each participant. The vaccination of LTCF residents was initiated in January 2021, with the
administration of the CoronaVac vaccine (Sinovac Biotech). In February 2021, the ChAdOx1-S vaccine (Oxford–
AstraZeneca) became additionally available for administration. For recipients of the CoronaVac vaccine, the second
dose was administered within three to four weeks following the initial dose. Meanwhile, for the ChAdOx1-S vaccine, an
interval of eight to twelve weeks was stipulated for the second dose administration. The third dose was deployed in
LTCF in November 2021. During this period, the Comirnaty vaccine (P�zer–BioNTech) and the Janssen Ad26.COV2.S
vaccine (Johnson & Johnson) was also incorporated into the LTCF vaccination regimen. 

Participant' characteristics, including sex, age, birth date, presence of chronic medical conditions and number of current
medications in use were obtained from long-term facilities records. All participants underwent a comprehensive clinical
and functional evaluation conducted by a team of geriatric medical specialists. Frailty was assessed using two
different scales. The �rst one was the Clinical-Functional Vulnerability Index-20 (IVCF-20), a screening tool, validated in
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Brazil to be used even for non-medical professionals.16 In the IVCF-20, frailty is strati�ed from 1 to 40, with scores 1-6
denoting low clinical functional vulnerability; 7-14 indicating moderate vulnerability and 15-40 signifying high
vulnerability. This score is detailed in Supplementary Figure 1.

The second scale employed was the Clinical-Functional Classi�cation (CCF) of older adults17 a standard scale in Brazil,
based on Instrumental Activities of Daily Living (IADL), Basics Activities of Daily Living (BADL) and the presence of
chronic health conditions. The CCF is an ordinal hierarchical scale ranging from 1 to 10: stratum 1-3 means a robust
(�t) older adult, independent for all activities of daily living; stratum 4-5 denotes an older adult at risk of frail (vulnerable
older adult); and 6 to 10 indicates frail older adult (stratum 6 are independent for BADL but dependent for some IADL;
stratum 7 are independent for BADL but dependent for all IADL; stratum 8 are dependent for some BADL; stratum 9 are
dependent for almost all BADL, but can eat independently; and 10, dependent for all BADL). Details of this scale are
contemplated in Supplementary Figure 2.   

As the de�ning criteria for typical symptoms of COVID-19, we relied upon the Centers for Disease Control and
Prevention (CDC) study,18 which outlines the most prevalent manifestations of the disease: cough, fever, myalgia,
headaches, dyspnea, odynophagia, rhinorrhea, anosmia, and ageusia.

Study Variables

The selected categorical variables encompassed: sex, race, frailty accessed by CCF, RT-PCR for SARS-CoV-2 (classi�ed
into three categories: positive, negative, indeterminate) and vaccine type.

The dichotomous variables were: the presence of hypertension, diabetes, prior pulmonary disease, presence of cognitive
impairment, mobility impairment, presence of typical symptoms associated with COVID-19, admission to emergency
care, hospitalization and death.  

Age, number of medications in use and the IVCF-20 score were evaluated both as quantitative and categorical
variables. Age was strati�ed into four distinct categories:  participants below 70 years, those between 70 and 79,
individuals aged 80 to 89, and those aged 90 or above. For the number of medications in use, were created two
categories: with polypharmacy (use of �ve or more medications per day), or without polypharmacy. For the IVCF-20
score, the instrument's reference values were used to create three categories: scores 1-6 denoting low clinical functional
vulnerability; 7-14 indicating moderate vulnerability and 15-40 signifying high vulnerability.

Statistical analysis

In the descriptive analysis, categorical variables were described using absolute frequency and proportion, while
continuous variables were summarized with measures of central tendency (mean and standard deviation, median and
quartiles). To compare continuous variables, the Mann-Whitney test was used due to non-normal data distribution,
assessed using the Shapiro-Wilk test. In the evaluation of categorical variables, Pearson's chi-square test was
employed, and for proportion comparisons, the Z test of proportion was utilized. All analyses were performed using
Stata software version 16 (StataCorp LLC, College Station, TX), with a signi�cance level of 5%.

The primary outcome was overall vaccine effectiveness, irrespective of vaccine type, against infections, admissions to
emergency care, hospitalizations, and deaths. Additionally, we evaluated the factors associated with a great risk of
contamination, symptoms, admissions to emergency service, or hospital admissions.

Ethics approval

Brazilian Commission for Research Ethics (COEP-UFMG) approved the study protocol (CAAE: 40666720.0.0000.5149). 
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Results
A total of 712 LTCF residents were included. The characteristics of the participants are summarized in Table 1. The
median age was 81.3 years (IQR 74-89), with 518 individuals (72.8%) being female. The prevalence of frailty was 94.6%
(27.7% CCF 6-7, 24.8% CCF 8 and 42.05% CCF 9-10). Cognitive impairment was observed in 79.9% of participants, while
69.5% exhibited mobility impairment, 78.3% presented with at least one chronic disease, and 72.7% reported the use of
�ve or more medications per day, ranging from a minimum of 1 to a maximum of 17 drugs daily.

Table 1: Descriptive Statistics of Overall Study Population
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Characteristic n %

Age

<70 86 12,1

70-79 222 31,22

80-89 244 34,32

90+ 159 22,36

Sex

Female 518 72,86

Male 193 27,14

Race

White 238 37,01

Black 149 23,17

Pardo 256 39,81

CCF

        Robust (1-3) 7 0,99

Risk of frail (4-5) 31 4,4

Frail 6-7 195 27,7

Frail 8 175 24,86

Frail 9-10 296 42,05

IVCF-20

Low Vulnerability (0-6) 58 8,43

Moderate Vulnerability (7-14) 112 16,28

High Vulnerability (15-40) 518 75,29

Polypharmacy 

< 4 different drugs/day 153 27,27

≥ 5 different drugs/day 408 72,73

Comorbidities    

        Diabetes 148 24,07

        Hypertension 415 67,48

        Pulmonary disease 89 14,45

        Cognitive impairment  491 79,97

        Mobility impairment 443 69,54
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The vaccination adherence was 99.5% of the cohort, all of whom received the complete three-dose regimen. In the �rst
and second doses, 91.7% of the cohort received the ChAdOx1-S vaccine. In the third dose, 98.6% of the participants
received the Comirnaty vaccine. Details regarding vaccine types are elaborated upon Supplementary Table 1.

The vaccination had a signi�cant impact on the reduction in positive cases (p=.001), in admissions to emergency care
(p<.001), hospitalization (p=.002) and deaths (p<.001). Prior to the vaccination, a total of 191 positive cases were
documented, corresponding to 26.8% of the entire cohort. Among these contaminated individuals, 43.5% exhibited
typical respiratory symptoms, 29.3% required emergency care or hospitalization, and 27 COVID-19 related deaths
occurred, corresponding to a case fatality rate of 14.1%. After the �rst dose, 25 positive cases had occurred and after
the second dose, 28 positive cases. Only six participants (24% of positive participants) were admitted to emergency
care or hospital, after the �rst dose and six participants after the second dose. Two deaths were observed after both the
�rst and second doses.

The period subsequent to the administration of the third dose coincided with the prevalence of the Omicron variant.
During this period, the number of positive cases had arisen, with 136 positive cases, representing 19.2% of the cohort.
Although, 85.3% were asymptomatic. Among the contaminated participants, 15 (11.1%) necessitated admission to
emergency care or hospitalization. Five deaths have occurred, culminating in a post-vaccination case fatality rate of
3.8%, during the dominance of the Omicron variant. Details about vaccine effects are shown in Figure 1.

Figure 1. The number of positive cases, symptomatic participants, admission to emergency service, hospitalization and
deaths, among LTCF residents, before the vaccine, and after the �rst, second and third vaccine doses. The red line
corresponds to the proportion of positive cases in the general population.

When risk factors were analyzed (Figure 2), frailty, advanced age, presence of chronic diseases, cognitive impairment
and polypharmacy were not associated with a higher rate of contamination by SARS-CoV-2. Mobility impairment,
however, exhibited a signi�cant correlation with a higher number of positive cases (p=.03) but not with typical
symptoms and admission to emergency or hospital care. 

Before the vaccination, individuals with a history of pulmonary disease (p=.03) and those dependent for BADL (p=.02)
exhibited a higher prevalence of typical symptoms compared to other study participants. Furthermore, a signi�cant
association between dependence for BADL (p=.005), male sex (p=.02) and pulmonary disease (p=.008) was observed
with a heightened number of admissions to emergency services and hospitalization (Figure 2). 

In the non-vaccinated frail subgroup (CCF 8-10), 63 participants, which represents 48.4% of the positive cases exhibited
typical symptoms and 45 participants (34.6%) necessitated emergency care or hospital admission. After the
administration of three vaccine doses, the number of symptomatic patients in this group decreased to 16 (16.8%) and
12 participants (12.6%) needed admission, as depicted in Figure 2.

Prior to the vaccination, within the pulmonary disease group, 61.5% of the positive participants displayed typical
respiratory symptoms and 50% required emergency care or hospital medical support. After the three doses, the number
of symptomatic patients dwindled to 14.2%, with the same percentage necessitating medical intervention in this
subgroup. 

Male participants exhibited a higher frequency of hospitalization than females (p=.02). Pre-vaccination, 42% of male
participants had been admitted to emergency care or hospital (Figure 2), compared to 24.8% of females. Following
vaccination, admissions among males became comparable to those observed among females, with a comparable
proportion of 13.5% of the positive cases in males and 15.1% in females, and no statistically signi�cant difference
between the two groups.
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Age, hypertension, diabetes, cognitive impairment and polypharmacy did not exhibit signi�cant associations with
increased contamination rates, symptoms, admissions to emergency care and hospitalization.

Figure 2: The risk factors associated with a higher proportion of positive cases, symptomatic patients, and
hospitalizations.

Table 2 compares the number of positive cases, symptomatic participants and participants requiring emergency or
hospital care, before and after the three vaccine doses, across different risk factor subgroups. After the three vaccine
doses, there was a signi�cant reduction in the proportion of symptomatic patients and admissions, in almost all risk
factor subgroups, with the exception of participants with diabetes, in which a reduction in the number of admissions
occurred, although, was not statistically signi�cant. 

Table 2: Comparison between the number of positive cases, symptomatic participants and participants who need
emergency or hospital care, before and after the three vaccine doses, in different subgroups of risk factors.

Characteristics Positive cases Symptoms Admission 

  Before After    Before After    Before After 

  N % N % p N % N % p N % N % p

Age ≥ 80 119 31 74 27 0.3 51 43 14 18 <0.001 34 28 10 13 0.01

CCF 8-10 130 31 94 29 0.6 63 48 16 16 <0.001 45 34 12 12 <0.001

IVCF-20 ≥ 15 139 30 99 28 0.6 61 44 15 15 <0.001 41 29 13 13 0.002

Male 49 30 37 25 0.3 25 50 5 13 <0.001 21 42 4 10 0.001

Cognitive
impairment

142 30 93 27 0.2 64 45 12 12 <0.001 43 30 9 9 <0.001

Mobility
impairment

116 27 89 30 0.4 53 45 13 14 <0.001 38 32 11 12 <0.001

Diabetes 42 31 26 26 0.4 17 40 3 11 0.008 12 28 3 11 0.8

Hypertension 112 28 73 25 0.4 47 42 13 17 <0.001 32 28 9 12 0.007

Pulmonary
disease

25 29 14 24 0.5 16 61 2 14 0.004 13 50 2 14 0.02

Polypharmacy 125 32 63 23 0.01 55 44 11 17 <0.001 40 32 9 14 0.007

When the number of positive cases was evaluated in association with LTC characteristics (Figure 3), we observed a
trend indicating higher proportions of positive cases in LTCFs with larger resident populations. The number of cases
was signi�cantly lower in LTC with a smaller number of residents, in contrast to LTCF with more than 20 residents
(p=.002). 

Figure 3. Correlation between the number of residents in each LTCF and the proportion of positive cases.

Discussion
Our cohort comprised over 700 profoundly frail residents within a LTCF setting, in a context marked by social
vulnerability. Among these individuals, over 50% were aged above 80 years, with more than 90% displaying signs of
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frailty and over 60% exhibiting a state of extreme frailty, with BADL dependence. Nearly 80% of the participants had
cognitive impairment, while close to 70% with mobility limitations. Additionally, over 70% had at least one chronic
medical condition, and more than 70% necessitated the administration of �ve or more medications on a daily basis.
Even within this cohort marked by a high degree of frailty, disabilities, and clinical severity conditions, we consistently
observed the effectiveness of vaccines. To our knowledge, subsequent to an extensive literature review, this is the �rst
Brazilian study that evaluated the vaccine effectiveness in this population pro�le. Another distinguishing aspect of this
study is that all participants underwent a specialized geriatric assessment, enhancing the reliability of the disclosed
information.

Our study is in concordance with several previous studies, which attest to the vaccine's effectiveness in preventing
infections, hospitalizations and deaths.19,20 A clear bene�t was already observed after the �rst dose in our study
population. Following the administration of �rst and second vaccine doses, the number of positive cases, symptomatic
patients, admission to emergency service, admission to hospital and deaths diminish signi�cantly, even during periods
marked by heightened caseloads in the general populace. 

In the period corresponding to Omicron variant predominance, the number of infected participants arises, even after
three vaccine doses. Within our cohort, even with an increase in the number of positive cases, the proportion of
symptomatic patients, patients who needed admission to emergency service or hospitalization and deaths, remains
low, when compared to the period before the �rst dose. Regarding the Omicron variant, the vaccine effectiveness
remained high for preventing death and serious cases but reduced for infection.

 Before the vaccine, we found an association between contamination and mobility impairment. This �nding is in
concordance with previous studies, that evidence the role of staff contact in the contamination of LTCF residents.22-25

Residents who have mobility impairment inherently necessitate increased support for ambulation, personal hygiene,
and dressing, heightening the proximity to caregiving assistants. Furthermore, we found an association between the
number of LTCF residents and heightened contamination rates. A LTCF characterized by a larger resident population
necessitates a correspondingly increased sta�ng capacity. It is plausible that a substantial circulation of staff
members might signi�cantly contribute to the transmission of viral infections among the residents.26 

Previous studies have shown male sex as a risk factor for worse outcomes.27-29 In our cohort, before the vaccination,
male sex was associated with a great proportion of emergency and hospital admissions. However, subsequent to
vaccination, the risk pro�le among males became comparable to that observed among females.

Hypertension10 and diabetes10,27,30 were considered risk factors for hospital admission and death, due to COVID-19. In
our cohort, these chronic diseases were not associated with contamination, symptoms or admissions. It is conceivable
that within this highly frail population pro�le, the overarching in�uence of frailty supersedes the individual impact of
these chronic conditions. Notably, frailty manifests as a condition of heightened severity compared to standalone
chronic diseases.

Corroborating this idea, similarly to previous studies31-36, frailty was associated with more typical symptoms and more
admissions to emergency or hospital care. The vaccine was capable of mitigating this effect, by reducing the number
of symptomatic patients and admissions.

Some previous studies have shown age as a risk factor for worse outcomes in COVID-198,37 and other studies refute
this association.9 In our cohort, age was not associated with greater contamination, symptoms or admissions. 
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In accordance with prior research �ndings, it has been found that pulmonary disease exhibits a correlation with the
severity of symptoms and the need for emergency and hospital care.38 After the three vaccine doses, a signi�cant
reduction in symptomatic patients and admissions was noticed in this subgroup, showing the potential of the vaccine
to protect the most susceptible groups.

When we compare the period before and after the vaccination, we observe a reduction in symptomatic patients and
those who need admission, in all subgroups of risk factors. Frail individuals are particularly susceptible to the
deterioration of their health status due to acute illnesses.40 Mitigating the severity of such acute insults holds
paramount signi�cance in the reduction of the propensity toward aggravated disabilities and frailty.

Moreover, admission to emergency care or hospitalization among frail older adults, is accompanied by deleterious
complications including delirium, agitation, aggressiveness, disorientation;41 falls;42 iatrogenic treatments, sarcopenia
and pressure injuries.43 These complications are associated with major mortality rates.44 Consequently, the
implementation of preventive measures with the potential to reduce hospitalizations is crucial in this population.

Conclusion and implications
Our study provides important insights into vaccine effectiveness, even in an extremely frail and socially vulnerable
population. The vaccine was effective in the reduction of severe cases and admissions, even in the Omicron variant
wave and in all subgroups of risk factors. Aging is a risk factor for several infectious diseases, including COVID-19 and
although immune senescence may compromise vaccine effectiveness, it was not observed in our study. 

Limitations
Our study was unable to undertake a comprehensive evaluation of distinctions among various vaccine types, as the
number of recipients for both CoronaVac and Ad26.COV2.S was reduced.

Given that a substantial proportion of participants exhibited cognitive impairment, hindering their ability to provide self-
reported health statuses and medication regimens, we relied on indirect information sourced from LTCF medical
records, which could have caused some information bias. However, the LTCF assumed responsibility for overseeing all
aspects of participants' healthcare, thus potentially enhancing the reliability of our data. 

Within our cohort, a small number of individuals with antecedent pulmonary conditions and diabetes was observed,
potentially restricting our subgroup analyses.

List Of Abbreviations
BADL  Basics Activities of Daily Living

CCF  Clinical-Functional Classi�cation

CDC  Centers for Disease Control and Prevention 

IADL  Instrumental Activities of Daily Living

IVCF-20  Clinical-Functional Vulnerability Index-20

LTCF  Long-term care facilities 
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RT-PCR  Reverse transcription polymerase chain reaction 

SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2
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Figure 1

The number of positive cases, symptomatic participants, admission to emergency service, hospitalization and deaths,
among LTCF residents, before the vaccine, and after the �rst, second and third vaccine doses. The red line corresponds
to the proportion of positive cases in the general population.

Figure 2

The risk factors associated with a higher proportion of positive cases, symptomatic patients, and hospitalizations.



Page 16/16

Figure 3

Correlation between the number of residents in each LTCF and the proportion of positive cases.
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