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ABSTRACT [295w]

Background

Spain began vaccinating priority groups against COVID-19 with BNT162b2 in late December
2020. We report associations of vaccination with COVID-19 infection, hospitalisation, and
mortality among nursing home residents, nursing home staff, and healthcare workers.

Methods

We analysed three cohorts of all nursing home residents, nursing home staff, and healthcare
workers in Catalonia on 27 December 2020. Data were obtained from linked primary care, RT-
PCR and lateral flow test, hospital, and mortality records. Those with a pre-study COVID-19
diagnosis or no linked electronic medical records were excluded. Two doses of BNT162b2 were
administered 3 weeks apart. Participants were followed until the earliest of an outcome
(confirmed COVID-19 infection, hospitalisation, and mortality) or 5 March 2021. Participants
could contribute data to the unvaccinated, one-dose, and two-dose groups. Analyses were
conducted using time-varying Cox regression. Multivariable adjustment for imbalances in socio-
demographics, comorbidity, and polypharmacy.

Findings


mailto:carmen.cabezas@gencat.cat

We included 28,594 nursing home residents, 26,238 nursing home staff, and 61,951
healthcare workers, of whom 2,405, 1,584, and 2,672 received COVID-19 diagnoses; 383, 35

, and 76 were hospitalised; and 409, 0, and 1 died. The adjusted hazard ratio (HR) (95%
confidence interval) for COVID-19 infection after two-dose vaccination was 0-08 (0-07-0-09) for
nursing home residents, 0-12 (0-10-0-15) for nursing home staff, and 0-05 (0-04-0-07) for
healthcare workers. The adjusted HRs for hospitalisation and mortality after two-dose
vaccination were 0-03 (0-02-0-05) and 0-02 (0-01-0-03), respectively, for nursing home
residents. Nursing home staff and healthcare workers recorded insufficient events for mortality
analysis.

Interpretation

Vaccination was associated with 85%-96% reduction in SARS-CoV-2 infection in all three
cohorts, and bigger reductions in hospitalisations and mortality amongst nursing home residents
for up to two months. More data are needed on the long-term effects of COVID-19 vaccines.

Funding
Partially supported by National Institute of Health Research UK.

Key words: care home, COVID19 vaccine, effectiveness



RESEARCH IN CONTEXT

Evidence before this study

Three COVID-19 vaccines have been approved for use in the UK and European Union
to date.

A large US-based trial found that the first vaccine to be approved, the BNT162b2 mRNA
vaccine, had >90% efficacy against symptomatic COVID-19.

Emerging evidence from observational studies have confirmed similar results in the UK
and Israel.

Added value of this study

Two-dose BNT162b2 vaccination was associated with 88% to 95% reductions in
symptomatic and asymptomatic SARS-CoV-2 infections among nursing home residents,
nursing home staff, and healthcare workers.

Additionally, vaccination with two doses of BNT162b2 led to >95% reductions in COVID-
19 hospitalisation and mortality among nursing home residents.

This study outlines the effectiveness of the vaccine in the most vulnerable population to
the complications of COVID: nursing home residents.

This is the first study showing the effectiveness of the BNT162b2 vaccines in Spain.

Implications of all the available evidence

The BNT162b2 vaccine is highly effective against SARS-CoV-2 infection in randomised
controlled trials and observational cohort studies representative of actual practice
settings and environments.

BNT162b2 appears to effectively reduce infection, mild disease, and severe disease,
including COVID-19 hospitalisation and mortality.

The effects of two-dose vaccination with BNT162b2 in nursing home residents are
equivalent to those demonstrated in randomised controlled trial participants.



INTRODUCTION

The global pandemic of coronavirus disease (COVID-19) has caused over 100 million confirmed
cases and 2 million deaths to date.” Spain is one of the most affected countries in Europe,
reporting over 3 million cases by February 2021, the second highest figure among the European
Union (EU) and European Economic Area (EEA) member states.?

Three vaccines had been approved by the European Medicines Agency (EMA) at the time of
writing, BNT162b2 mRNA, mRNA-1273, and ChAdOx1 nCoV-19.3 All three have shown great
efficacy in clinical trials, with 95% efficacy against symptomatic COVID-19 for BNT162b2
MRNA, 94-1% for mMRNA-1273, and 70-4% for ChAdOx1 nCoV-19.4¢ However, the trials have
not included large enough sample sizes to provide reliable evidence of protection against
severe diseases or mortality.

Certain population groups, such as nursing home residents, have been underrepresented in
existing clinical trials of COVID-19 vaccination, despite evidence suggesting that nursing home
residents and staff are disproportionately affected by COVD-19. Nursing homes accounted for a
large proportion of deaths globally, and showed a disproportionately higher mortality than the
general population of the same age.”-® Preventing outbreaks of infections and reducing related
mortality in nursing home settings is crucial for minimising the impact of the pandemic.
However, no trial has studied this population specifically. It is important to determine how
effective COVID-19 vaccines are in these high-risk populations.

Little is known about the effectiveness of the approved vaccines in routine practice. Differences
in compliance with vaccine doses and intervals, testing for SARS-CoV-2 infection, and
management of COVID-19 in busy clinical settings may all affect the external validity of reported
trial data.

Spain started its mass immunisation programme on 27 December 2020, soon after the first
COVID-19 vaccine (BNT162b2 mRNA) was approved earlier that month. No data have been
reported yet on vaccination compliance and its observable effects in the Spanish population. We
aimed to characterise the first three cohorts of vaccinated individuals (nursing home residents,
nursing home staff, and healthcare workers) and estimate the short-term effectiveness of the
BNT162b2 mRNA vaccine in preventing infections, hospitalisation, and mortality.



METHODS

Study design and setting

We performed a prospective cohort study of three populations that were analysed separately:
nursing home residents, nursing home staff, and healthcare workers. Vaccination status against
SARS-CoV-2 infection was obtained from the Catalan Shared Clinical Records, a clinical
database of electronic medical records that links primary care and hospital diagnoses and
treatments for the whole universal Catalan health system. Data were further linked to the
regional central database of reverse transcriptase polymerase chain reaction (RT-PCR) and
lateral flow tests for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), hospital
admissions, mortality registries, and primary care electronic health records (EHR). Ninety
percent of primary care practices in Catalonia, and 90% of the population, were included in the
dataset. Data from these databases have been previously validated and used for
epidemiological research,'®-'2 including numerous COVID-19 studies.”'3-15

Participants and follow-up

We included all individuals alive at the beginning of the COVID-19 vaccination campaign with
BNT162b2 mRNA in Catalonia on 27 December 2020 who were vaccine-eligible nursing home
residents or staff or who were identified as a healthcare worker. We excluded those with a
previous SARS-CoV-2 infection identified by a positive RT-PCR or lateral flow test and those
who were not assigned to one of the primary care practices contributing to our database.

Non-vaccinated participants were followed from the beginning of the vaccination campaign until
the earliest of: first dose of vaccine (they then switched to the ‘single-dose vaccinated’ arm),
outcome (positive RT-PCR or lateral flow test, hospital admission, ICU admission, or death) or
the end of study (5 March 2021). Single-dose vaccinated participants were followed from the
day they received the first dose of the vaccine until the earliest of: a second dose of vaccine
(they then switched to the ‘two-dose vaccinated’ arm), an outcome, or the end of the study.
Two-dose vaccinated participants were followed from the day they received their second dose
until an outcome or the end of the study. Exposure was treated as time-varying, with an
individual able to contribute person-years of follow-up to all three arms.

Outcomes

We studied SARS-CoV-2 infection, COVID-19 hospital admission, and COVID-19-cause of
death. COVID-19 infection was defined by the date of the earliest of a positive RT-PCR or
lateral flow test, regardless of symptoms. Screening to all nursing home staff and residents
using RT-PCR was conducted after any one case was identified. In addition, RT-PCR and
lateral flow tests were done amongst healthcare workers on a fortnightly basis, and after 3 or
more weeks of absence (eg after a holiday or leave). Hospital admission was considered as the
date of hospitalisation for COVID-19 as reported in a bespoke official COVID-19 inpatient
registry. Death due to COVID-19 was based on the reported diagnosis in the mortality registry.

Additional variables and potential confounders




Individual-level socio-demographics and clinical features were assessed at the time of inclusion
as collected from primary care EHRs: age (in years), sex, residence status (nursing home
resident or staff) or profession (healthcare worker), pre-existing comorbidities, and use of long-
term medicines based on primary care prescriptions active at the time of the study. Lists of ICD-
10-CM codes for comorbidities and lists of medicines identified using Anatomical Therapeutic
Chemical Classification System codes are provided in Supplementary Table 1.

Statistical analysis

For descriptive analysis, continuous variables were expressed as mean (standard deviation) or
median (interquartile range) and categorical variables were summarised as number
(percentage). We analysed the existence of confounding by indication by comparing vaccinated
and unvaccinated groups using the standardised mean difference (SMD) of all confounders
listed above. An SMD >0-1 was considered equivalent to a relevant imbalance and was
adjusted for in multivariable analyses.'® Additionally, an analysis of effects in the first 12 days
after first dose was conducted to assess the likely presence of residual confounding due to
participant (unrecorded) variables, cluster effects at nursing home level, or changes in
epidemiological parameters related to the COVID-19 pandemic at the community level. Any
departure from the expected null effect (HR=1) in these first 12 days after first dose vaccination
can be interpreted as a measure of residual confounding.

We analysed vaccination as a time-varying exposure with three follow-up intervals:
1) No vaccination: from 27t December 2020 until first dose vaccination, outcome, or end of
study
2) One dose vaccination: from date of first dose administration to date of second dose,
outcome, or end of study
3) Two dose vaccination: from date of second dose administration to outcome or end of
study

For each of these periods, we calculated the rate of outcomes per 10,000 person-days by
dividing the number of observed events within a period by the number of exposure days,
multiplied by 10,000. We calculated relative risk reduction (RRR) for each outcome and study
period based on the incidence rate ratio using the formula described by Rothman et al.’”

Kaplan-Meier estimates for each study outcome stratified by vaccination status were plotted for
visualisation and are provided in full in Appendix 2. Proportional hazard time-varying Cox
models were fitted to calculate hazard ratios (HRs) and 95% confidence intervals (95% CI) for
each study outcome according to vaccination status. All Cox models were adjusted for age, sex,
and any confounders with an SMD >0-1 and were conducted separately for each of the three
cohorts (nursing home residents, nursing home staff, and healthcare workers). Proportionality of
hazards in the Cox models was assessed by visual inspection of scaled Schoenfeld residuals.

All analyses were conducted using R version 3-5-1.18

Ethics



The use of pseudonymised routinely collected data described above for this project is allowed
under disposition 17.2b of local data protection law. The study was approved by the Clinical
Research Ethics Committee of the IDIAP Jordi Gol with reference number 21/045-PCV. The
study authors did not access identified patient-level data for these analyses. All result sets
represent aggregated, de-identified data that are reported at a minimum cell size of >5 to
reduce potential for re-identification.



RESULTS

Before exclusions, data for 42,747 nursing home residents, 32,474 nursing home staff, and
83,344 healthcare workers were available for the study. We excluded 10,420 (24:4%) nursing
home residents, 3,991 (12-:3%) nursing home staff, and 12,919 (15-5%) healthcare workers as
they had previously been infected with COVID-19. We also excluded 3,733 (11:5%) nursing
home residents, 2,245 (7-9%) nursing home staff, and 8,474 (12-:0%) healthcare workers due to
a lack of linked primary care records data. We therefore analysed data from 28,594 nursing
home residents, 26,238 nursing home staff, and 61,951 healthcare workers. Supplementary
Table 2 shows socio-demographics for the excluded compared to the analysed populations.

By the end of the study period, 26,436 (92.74%) nursing home residents, 19,898 (75.84%)
nursing home staff, and 52,160 (84.2%) healthcare workers had been vaccinated with at least
one dose. Figure 1 shows vaccine uptake in the three cohorts over the study period. Second
doses were administered within a median 21 (interquartile range 0) days after the first dose.

Table 1 and Supplementary Figure 1 compare the vaccinated and unvaccinated groups of the
three cohorts. There were no major differences (defined as SMD>0-1) between vaccinated and
unvaccinated nursing home residents- Vaccinated residents had a mean age of 85.52 years old
and were 73-35% female, while unvaccinated residents had a mean age of 84-78 years and
were 70-89% female. They had otherwise similar prevalence of comorbidities and use of
medicines. All covariates were sufficiently balanced without adjustment (SMD=<0-1). Vaccinated
and unvaccinated nursing home staff were also similar in terms of age and sex: vaccinated staff
had an average age of 45-1 years and 86.74% were female, while unvaccinated staff had an
average age of 41-2 and were 88.28% female, with all SMD<0.1. Vaccinated healthcare
workers differed from unvaccinated ones in terms of age (43-5 vs 40.9 years, SMD=0.2), and
sex (74.98% vs 79.25% female, SMD=0.102). No other relevant differences were detected.

Supplementary Figure 2 depicts the number of participants tested over time. By the end of the
study period, a total of 26,974 (94.63%) nursing home residents, 24,186 (92.17%) nursing home
staff, and 35,480 (57.27%) had been tested a median (inter-quartile range) of 3(4), 9(8), and
2(3) times respectively. There were 1,339 COVID-19 infections among unvaccinated nursing
home residents and 1,066 among vaccinated residents. Most post-vaccination infections were
after the first vaccine dose (876), with few after the second dose (180). The incidence rates of
infection were 26.62/10,000 person-days for unvaccinated residents, 8-1/10,000 for all
vaccinated residents, 15-9/10,000 for residents with one dose, and 2:4/10,000 for residents with
two doses. Any vaccination led to an RRR for COVID-19 infection of 69.54 [95% CI: 69.49-
69.59]. A single vaccine dose led to an RRR of 40.28 [95% CI: 40.17-40.39] and a second dose
90-89 [90.84-90.95] (Table 2). The resulting adjusted HRs were 0-53 [0-49-0-58] after the first
dose and 0-08 [0-07-0-09] after the second. Figure 2a shows Kaplan Meier plots stratified by
vaccination status, where a modest but noticeable reduction in infections was apparent earlier
than expected, already in the first 12 days amongst the vaccinated vs unvaccinated. The
resulting adjusted HR of 0-77 [0-69-0-86] is a measure of residual confounding due to individual,



nursing home factors, or community changes in COVID-19 transmission. Full Kaplan-Meier
estimates are reported in Appendix 2.

Similar results were observed for nursing home staff, with 1,055 infections among unvaccinated
staff and 525 among vaccinated. Most infections among vaccinated staff were after the first
vaccine dose (413), not the second (105). The incidence rates of infection were 13-:86/10,000
person-days for unvaccinated staff, 5-58 for all vaccinated staff, 10-19 for staff with one dose,
and 2-08 for staff with two doses. Any vaccination led to an RRR for infection of 59.76 [95% CI:
59-64-59-87]. A single vaccine dose led to an RRR of 26-49 [95% CI: 26-25-26-74], while a
second dose led to 85-:02 [95% CI: 84-86-85-17]. The resulting adjusted HRs were 0-60
[0-53-0-67] after one dose and 0-12 [0-10-0-15] after two doses (Table 2, Figure 2). Kaplan-
Meier estimates are detailed in Appendix 2. The adjusted HR associated with 1-dose
vaccination during the first 12 days was 0-80 [0-68-0-93], suggesting the presence of moderate
unresolved confounding at the individual, nursing home, and/or community level/s.

Finally, in the cohort of healthcare workers, 1,844 unvaccinated and 815 vaccinated staff tested
positive for SARS-CoV-2 (743 after one dose, 69 after the second). The incidence rates of
infection were 10-32/10,000 person-days among unvaccinated healthcare workers and 3-65
/10,000 among all vaccinated healthcare workers (6:83/10,000 after one dose and 0-62/10,000
after two doses). Any vaccination led to an RRR of 64-63 [95% CI: 64-57-64-70]. A single dose
led to an RRR of 33-80 [95% CI: 33:66-33-92], while a second dose led to 94-01 [95% CI:
93-92-94:10]. The resulting adjusted HRs were 0-57 [0-53-0-63] after one dose and 0-05 [0-04-
0-07] after two doses (Table 2, Figure 2). Kaplan-Meier aggregated data are fully reported in
Appendix 2. The adjusted HR for the first 12 days after first dose vaccination was 0-85 [0-77-
0-95], suggesting the presence of some residual confounding.

Hospitalisations were recorded for 383 nursing home residents. The incidence rates of COVID-
19 hospitalisation were 4-28/10,000 person-days for unvaccinated residents and 1-11/10,000 for
all vaccinated residents (2-30/10,000 after one dose and 0-21/10,000 after two doses). Any
vaccination led to an RRR for hospitalisation of 74.06 [95% CI: 73-78-74.34]. One vaccine dose
led to an RRR of 46.24 [95% CI: 45-62-46-86], while a second dose led to 95-06 [94-73-95-38].
Multivariable Cox regression models resulted in adjusted HRs of 0-45 [0-36-0-56] after the first
dose and 0-03 [0-02-0-05] after the second (Table 3). Figure 3 shows Kaplan-Meier plots for
hospitalisations in nursing home residents by vaccination status, with full aggregated data
available in Appendix 2.

We observed 409  deaths among nursing home residents. Incidence rates of COVID-19
mortality were 4:82 /10,000 person-days in unvaccinated residents and 1:08/10,000 in all
vaccinated residents (2-33/10,000 after one dose and 0-24/10,000 after two doses). Any
vaccination led to an RRR for death of 77-51 [95% CI: 77-28-75-75]. One vaccine dose led to an
RRR of 51:71 [95% CI: 51-17-52-23], while two doses led to 96-73 [96-43-96-99]. Cox
regression models gave adjusted HRs of 0-50  [0-40-0-63 ] after the first dose and 0-02
[0-01-0-03] after the second (Table 3). Figure 3 shows Kaplan-Meier plots for mortality in
nursing home residents by vaccination status (full aggregated figures in Appendix 2).



We recorded hospitalisations for 35 nursing home staff and 76 healthcare workers and no
deaths in either cohort. We did not model these outcomes in these two cohorts, as the few small
numbers of events gave limited statistical power.

DISCUSSION

This is the first report of the clinical effectiveness of a COVID-19 vaccine in nursing homes
globally to our knowledge, and the first set of results on the effect of vaccination to prevent
COVID-19 in Spain. Using a comprehensive linked database that combined primary care,
screening and diagnostic RT-PCR and lateral flow tests, hospital, and mortality data, we studied
the effects of the BNT162b2 mRNA vaccine in the three populations prioritised for vaccination
nationally. Partial (single-dose) vaccination resulted in 40%-50% reductions in COVID-19
infections in all three cohorts, while full (two-dose) vaccination led to 88%-95% protection. The
observed effects were slightly stronger in healthcare workers (95%) than in nursing home staff
(92%) and nursing home residents (88%). We identified mild-moderate reductions in COVID-19
infections during the first 12 days after the first dose, suggesting that 15% to 20% of the
observed reductions are not attributable to vaccination but to unobserved confounders, nursing
home cluster effects, or changes in the background community transmission measures.

We also found significant, clinically relevant reductions in the risks of severe COVID-19
amongst nursing home residents, amounting to a striking 97% and 98% reduction in
hospitalization and mortality risks respectively, after two doses of BNT162b2.

While ambitious COVID-19 vaccination campaigns are ongoing around the world, knowledge is
still scarce on the real-world effectiveness of COVID-19 vaccines, especially in high-risk
populations such as nursing home residents and healthcare workers. Although vaccines have
shown high efficacy in clinical trials, real-world evidence on effectiveness is needed to confirm
their effects in routine practice settings and among populations under-represented in pivotal
trials. A recent study with national population-level Scottish data showed that by the fourth week
after the first dose, the BNT162b2 and ChadOx1 vaccines reduced the risk of hospitalisation by
85% (95% CI: 76-91%) and 94% (95% CI: 73-99%), respectively. It also showed that two doses
of the BNT162b2 mRNA vaccine offered more than 85% protection against symptomatic
infection among those aged over 80."° A prospective cohort study of hospital staff in England
reported vaccine effectiveness of 72% (95% CI: 58-86%) in the 21 days after the first dose of
the BNT162b2 mRNA vaccine.?® A cohort study in Israel of healthcare workers reported a 75%
reduction in SARS-CoV-2 infection and 85% (95% CI: 71-92%) reduction in symptomatic
COVID-19 during the 15-28 days after the first dose of BNT162b2.2" A recent study including
over half a million people in Israel estimated the effectiveness of the BNT162b2 vaccine against
infection at 46% (95% CI: 40-51%) 14 to 20 days after the first dose and 92% (95% ClI: 88-95%)
1 week after the second dose.??

We found that one dose of the BNT162b2 vaccine reduced the risk of infection by 42% in
nursing home residents, 35% in nursing home staff, and 32% in healthcare workers. These
results are equivalent to the reported vaccine efficacy of 52-4% between the first and second
dose in the BNT162b2 mRNA phase 3 trial.® In line with phase 3 trial findings, our results



highlight that vaccine recipients should be told about the modest protection seen between the
first and second dose and encouraged to continue shielding, physical distancing, and other
protective measures, especially during the first two weeks after the initial dose.

Our study differs from the trial in setting, participants, and outcome ascertainment. Although the
trial only included symptomatic COVID-19, we included any RT-PCR- or lateral-flow-tested
positive infection, including regular screening testing. The three populations included were
screened periodically during the study period to minimise potential outbreaks: whilst nursing
homes conducted universal RT-PCR amongst staff and residents every time a case was
identified, healthcare workers were tested (with RT-PCR or lateral flow test) every fortnight and
after a leave of absence >3 weeks. The observed reduction in infection rates including
screening tests is of high relevance, and supports recent data suggesting that vaccination could
reduce overall transmission of the virus.?°

Our study has several limitations. The observational nature of our data may have led to
confounding by indication. Comprehensive linkage to primary care and hospital records allowed
us to measure differences in socio-demographics, comorbidity, and medication usage. We
examined the distribution of the individual characteristics collected in our linked databases. The
only measured confounder with identified imbalance was age, which we adjusted for in
multivariable models. We quantified that a moderate 15% to 25% of the observed reductions in
COVID-19 risk were attributable to factors other than vaccination. Unobserved participant
covariates, nursing home cluster effects, and changes in community transmission likely account
for these. In addition to these, increased personal protection during the first two weeks after
vaccination could also contribute to this. Such measures were not recommended in pivotal trials
as participants were blinded to vaccine exposure and neither participants or investigators had
knowledge of the lack of effect during the first 12 days post vaccination. Our database also had
a relatively short follow-up, with a maximum of 2 months. The studied cohorts will continue to be
followed-up over time, allowing us to report on longer-term outcomes in future analyses.

This study also has strengths. The comprehensive linkage and coverage in our database is
unique, including primary care, hospital, RT-PCR and lateral flow test results, and mortality data
for over 90% of the regional population. The Catalan health system is universal, minimising
dropouts and maximising the completeness of outcome ascertainment. Access to basic socio-
demographics and events for people excluded from the analysis allowed us to measure
potential selection bias. Our included study population allowed us to study the effects of
vaccination against hospitalisation and death in nursing home residents, a population subgroup
extremely vulnerable to severe and lethal forms of COVID-19,” and under-represented in
previous studies.?? The pivotal trial was underpowered to analyse these outcomes.®

In conclusion, our data confirmed that the BNT162b2 vaccination strongly reduced the risk of
SARS-CoV-2 infection in nursing homes and in health care workers with comparable results to
those observed in US-based phase 3 trials and other international observational studies.
Hospitalisation and death with COVID-19 were similarly reduced among nursing home
residents, who accounted for a large proportion of COVID-19 deaths in 2020. Although further
data and studies are needed to assess the long-term effectiveness and safety of this and other



COVID-19 vaccines, these findings should reassure the population of the major benefits
associated with the ongoing vaccination campaign in Spain and elsewhere.
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TABLES AND FIGURES

Table 1. Baseline characteristics stratified by vaccination status (none vs any)

Table 1. Baseline characteristics stratified by vaccination (none vs any) status

Nursing home residents

Nursing home staff

Healthcare workers

Vaccinated | Unvaccina | Vaccinated | Unvaccina | Vaccinated | Unvaccinat
N =26,436 | ted N =19,898 | ted N =52,160 ed
N =2,068 N =6,340 N =9,791
Age 85.52 84.78 45.05 41.21 43.54 40.92
(9.05) (11.09) (12.44) (13.41) (12.22) (12.86)
Gender (Female) 19,391 1,466 17,260 5,597 39,108 7,759
(73.35%) (70.89%) (86.74%) (88.28%) (74.98%) (79.25%)
Number of patients with test performed (%) | 25,287 1,687 19,207 4,979 29,780 5,700
(95.65%) (81.57%) (96.52%) (78.53%) (57.09%) (58.21%)
Number of test per patient 3[1-5] 3 [2-5] 9[7-13] 8 [4-11] 2 [1-4] 2 [1-4]
Analgesics 13,705 1,074 1,470 ( 506 ( 2,758 ( 664 (
(51.84%) (51.93%) 7.39%) 7.98%) 5.29%) 6.78%)
Sedatives/hypnotics 10,431 735 1,914 ( 616 ( 4177 ( 844 (
(39.46%) (35.54%) 9.62%) 9.72%) 8.01%) 8.62%)
Anticoagulants 11,260 880 347 ( 121 ( 904 ( 287 (
(42.59%) (42.55%) 1.74%) 1.91%) 1.73%) 2.93%)
Antidepressants 12,732 900 1,943 ( 657 4,334 ( 883 (
(48.16%) (43.52%) 9.76%) (10.36%) 8.31%) 9.02%)
Antiepileptics 4,528 338 581 ( 185 ( 1,276 ( 262 (
(17.13%) (16.34%) 2.92%) 2.92%) 2.45%) 2.68%)




Antipsychotics 11,460 806 197 ( 368 ( 100 (
(43.35%) (38.97%) 0.99%) 74 ( 0.71%) 1.02%)
1.17%)
Antacids 13,670 1,054 1,318 ( 396 ( 3,171 ( 582 (
(51.71%) (50.97%) 6.62%) 6.25%) 6.08%) 5.94%)
Systemic corticoids 932 ( 100 ( 145 ( 383 ( 116 (
3.53%) 4.84%) 0.73%) 66 ( 0.73%) 1.18%)
1.04%)
Oral antidiabetics 3,921 298 508 ( 116 ( 873 ( 131 (
(14.83%) (14.41%) | 2.55%) 1.83%) 1.67%) 1.34%)
Insulin 2,206 ( 203 ( 171 ( 364 ( 6
8.34%) 9.82%) 0.86%) 50 ( 0.70%) 4 (0.65%)
0.79%)
Lipid modifying agents 5,368 384 1,003 ( 241 ( 2,405 ( 333 (
(20.31%) (18.57%) 5.04%) 3.80%) 4.61%) 3.40%)
Alpha blockers 301 ( 15 ( 44 ( 1
1.14%) 22 ( 0.08%) 0.08%) 1(0.11%)
1.06%) 6 (0.09%)
Other antihypertensives 112 ( 4 ( 18 ( 3
0.42%) 10 ( 0.02%) 0.03%) (0.03%)
0.48%) 1(0.02%)
Beta blockers 4,850 416 440 ( 112 ( 1,277 ( 182 (
(18.35%) (20.12%) | 2.21%) 1.77%) 2.45%) 1.86%)
Calcium channel blockers 3,855 298 295 ( 648 ( 9
(14.58%) (14.41%) 1.48%) 88 ( 1.24%) 6 (0.98%)
1.39%)
Combination antihypertensives 2,352 ( 153 ( 553 ( 159 ( 1,001 ( 166 (
8.90%) 7.40%) 2.78%) 2.51%) 1.92%) 1.70%)
Diuretics 8,541 685 368 ( 716 ( 129 (
(32.31%) (33.12%) 1.85%) 90 ( 1.37%) 1.32%)
1.42%)
ACEIi/ARBs 7,689 595 1,016 ( 239 ( 2,225 ( 333 (
(29.09%) (28.77%) 5.11%) 3.77%) 4.27%) 3.40%)
Chronic obstructive pulmonary 3,383 287 753 ( 260 ( 2,055 ( 460 (
disease/asthma inhalers (12.80%) (13.88%) 3.78%) 4.10%) 3.94%) 4.70%)
Atrial fibrillation 4,401 384 45 ( 207 ( 3
(16.65%) (18.57%) 0.23%) 19 ( 0.40%) 1(0.32%)

0.30%)




Osteoarthritis 11,390 851 1,645 ( 446 ( 2,250 ( 435 (
(43.09%) (41.15%) 8.27%) 7.03%) 4.31%) 4.44%)
Asthma 1,190 ( 103 ( 1,043 ( 374 ( 3,200 ( 643 (
4.50%) 4.98%) 5.24%) 5.90%) 6.13%) 6.57%)
Ischaemic heart disease 2,261 ( 171 ( 82 ( 239 ( 4
8.55%) 8.27%) 0.41%) 21 ( 0.46%) 0(0.41%)
0.33%)
Dementia 11,010 803 7 ( 3( 0
(41.65%) (38.83%) 0.04%) 0.01%)
2 (0.03%)
Diabetes mellitus 6,909 552 646 ( 159 ( 1,104 ( 197 (
(26.13%) (26.69%) 3.25%) 2.51%) 2.12%) 2.01%)
Liver disease 985 ( 603 ( 159 ( 968 ( 173 (
3.73%) 76 ( 3.03%) 2.51%) 1.86%) 1.77%)
3.68%)
Hypertension 18,092 1,399 2,184 519 ( 4,062 ( 640 (
(68.44%) (67.65%) (10.98%) 8.19%) 7.79%) 6.54%)
Heart Failure 3,079 250 19 ( 31¢( 8
(11.65%) (12.09%) 0.10%) 0.06%) (0.08%)
3(0.05%)
Cerebrovascular disease 2,857 249 79 ( 159 ( 3
(10.81%) (12.04%) 0.40%) 29 ( 0.30%) 0(0.31%)
0.46%)
Chronic obstructive pulmonary disease 2,208 ( 168 ( 149 ( 241 ( 5
8.35%) 8.12%) 0.75%) 50 ( 0.46%) 5(0.56%)
0.79%)
Chronic kidney disease 6,746 567 118 ( 257 ( 4
(25.52%) (27.42%) 0.59%) 19 ( 0.49%) 3(0.44%)
0.30%)
Cancer (all except non-melanoma skin 4,762 387 527 ( 176 ( 1,888 ( 385 (
cancer) (18.01%) (18.71%) | 2.65%) 2.78%) 3.62%) 3.93%)
Obesity 5,372 384 3,555 947 4,643 ( 859 (
(20.32%) (18.57%) (17.87%) (14.94%) 8.90%) 8.77%)
AIDS 14 ( 31( 24 ( 6
0.05%) 0.16%) 0.05%) (0.06%)
2(0.10%) 7(0.11%)
Valvular disease 1,619 ( 137 ( 124 ( 355 ( 6
6.12%) 6.62%) 0.62%) 28 ( 0.68%) 8 (0.69%)

0.44%)




Hepatitis B 79 ( 47 ( 54 ( 1
0.30%) 0.24%) 28 ( 0.10%) 2(0.12%)
9 (0.44%) 0.44%)
Hepatitis C 298 ( 76 ( 84 ( 2
1.13%) 27 ( 0.38%) 21( 0.16%) 6 (0.27%)
1.31%) 0.33%)
HIV infection 1 66 ( 62 ( 1
4 (0.05%) 0.33%) 13 ( 0.12%) 4 (0.14%)
1(0.05%) 0.21%)




Table 2. Number, incidence rates, relative risk reductions, and age-sex adjusted hazard ratios
(HR) for COVID-19 according to vaccination status in nursing home residents, nursing home
staff, and healthcare workers.

Cohort Periode Pop | Ca | Exposu | Exposure Rate per 10 | Risk reduction Age and sex-
ulati | se |re days 000 pers- compared to adjusted HR
on s person- | (mean) days unvaccinated (95% Cl)

days [95% CI]
(N)

Resident | Unvaccina | 28,1 | 1,3 | 503,07 | 17.85 26.62 REF REF

s ted 91 39 | 4

Resident | Total 249 (1,0 | 1,314,8 | 52.61 8.11 69.54 0.38

s follow-up 93 66 | 87 [69.49 - 69.59] [0.35-0.42]

Resident | 12 days 249 | 52 | 297,57 | 11.90 17.58 20.03 0.77

s after 1st 93 3 2 [19.76 - 20.30] [0.69 - 0.86]

dose

Resident | Vaccinate | 24,9 | 87 | 551,13 | 22.051 15.89 40.28 0.53

s d (1dose) | 93 6 2 [40.17 - 40.39] [0.49 - 0.58]

Resident | Vaccinate | 21,7 | 18 | 742,73 | 34.21 2.42 90.89 0.08

s d(2 10 3 [90.84 - 90.95] [0.07 - 0.09]

doses)

Staff Unvaccina | 26,0 | 1,0 | 760,99 | 29.18 13.86 REF REF

ted 75 55 |7
Staff Total 18,5 | 52 | 940,99 | 50.7 5.58 59.76 0.43
follow-up 61 5 0 [59.64 - 59.87] [0.39 - 0.49]
Staff 12 days 18,5 | 26 | 221,21 | 11.92 12.11 20.27 0.8
after 1st 61 8 9 [19.8 - 20.73] [0.68 - 0.93]
dose

Staff Vaccinate | 18,5 | 41 | 405,28 | 21.84 10.19 26.49 0.60

d (1 dose) | 61 3 0 [26,25 - 26.74] [0.53 - 0.67]

Staff Vaccinate | 15,2 | 10 | 505,42 | 33.05 2.08 85.015 0.12

d(2 95 6 [84.86 - 85.17] [0.10-0.15]
doses)

Healthca | Unvaccina | 61,9 | 1,8 | 1,788,0 | 28.87 10.32 REF REF

re ted 38 44 | 49

workers




Healthca | Total 471 | 81 | 2,234,5 | 47.44 3.65 64.63 0.41

re follow-up 06 5 53 [64.57 - 64.7] [0.38 - 0.45]
workers

Healthca | 12 days 47,1 | 55 | 562,07 | 11.93 9.89 15.44 0.85

re after 1st 06 6 5 [15.19 - 15.68] [0.77 - 0.95]
workers | dose

Healthca | Vaccinate | 47,1 | 74 | 1,088,2 | 23.10 6.83 33.8 0.57

re d (1 dose) | 06 3 64 [33.66 - 33.92] [0.53-0.63]
workers

Healthca | Vaccinate | 37,4 | 69 | 1,117,4 | 29.88 0.62 94.01 0.05

re d(2 03 82 [93.92 - 94.1] [0.04 - 0.07]
workers | doses)

Table 3. Number of hospital admissions and deaths amongst nursing home residents, incidence
rates, relative risk reductions, and age-sex adjusted hazard ratios (HR) according to vaccination

Outcome Periode Popu | Cas | Exposu | Expos | Rate Risk reduction Age and sex-
lation | es re ure per 10 | compared to adjusted HR
person- | days 000 unvaccinated (95% CI)
days (mean | pers-
(N) ) days [95% CI]
Hospital Unvaccinat | 28,1 | 231 | 539,45 | 19.19 | 4.28 REF REF
admission | ed 18 2
S
Hospital Total follow- | 25,4 | 152 | 1,368,4 | 53.69 | 1.11 74.06 0.22
admission | up 87 70 [73.78 - 74.34] [0.18 - 0.27]
S
Hospital 12 days 254 |19 305,78 | 11.99 | 0,62 67.59 0.30
admission | after 1st 87 4 [65.29 - 69.75] [0.18 - 0.51]
S dose
Hospital Vaccinated | 254 | 134 | 582,10 | 22.84 |23 46.24 0.45
admission | (1 dose) 87 6 [45.62 - 46.86] [0.36 - 0.56]
S




Hospital Vaccinated | 22,0 | 16 757,01 | 34.29 |0.21 95.06 0.03
admission | (2 doses) 71 9 [94.73 - 95.38] [0.02 - 0.05]
s
Deaths Unvaccinat | 28,1 | 260 | 538,87 | 19.12 | 4.82 REF REF

ed 91 4
Deaths Total follow- | 25,5 | 149 | 1,373,4 | 53.68 | 1.08 77.51 0.15

up 87 09 [77.28 - 77.75] [0.12-0.18]
Deaths 12 days 255 |15 306,99 | 11.99 | 0.49 43.95 0.47

after 1st 87 2 [37.87 - 49.44] [0.25 - 0.89]

dose
Deaths Vaccinated | 25,5 | 136 | 583,66 | 22.81 2.33 51.71 0.50

(1 dose) 87 5 [61.17 - 52.23] [0.40 - 0.63]
Deaths Vaccinated | 22,1 12 759,53 | 34.29 | 0.16 96.73 0.02

(2 doses) 49 1 [96,43 - 96,99] [0.01 -0.03]




Figure 1. Vaccine uptake by nursing home residents, nursing home staff, and healthcare
workers in Spain, depicted as percentage who had received at least one dose over time from
the first vaccination in Spain on 27 December 2020.
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Figure 2. Kaplan-Meier estimates of COVID-19 infection according to vaccination status in
nursing home residents (top left), nursing home staff (top right), and healthcare workers
(bottom).
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Figure 3. Kaplan-Meier estimates of COVID-19-related hospital admissions (left) and deaths
(right) according to vaccination status in nursing home residents.
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APPENDIX 1 — Supplementary Tables and Figures

Supplementary Table 1. Co-morbidities and long-term medications included in the analysis.
Supplementary Figure 1 Standardised mean differences (SMD) of comorbidities and long-term
medicine uses between vaccinated and unvaccinated nursing home residents, nursing home

staff, and healthcare workers.

Supplementary Table 2. Differences in socio-demographics and vaccination status between
included and excluded study participants

Supplementary Figure 2. Number of RT-PCR or lateral flow tests performed during the study
period.

APPENDIX 2 - Full Kaplan-Meier aggregated data
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