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Research in context 

Evidence before this study 

The emergence of SARS-CoV-2 Omicron may expose immunocompromised subjects to a new variant 

with an increased transmissibility and potential immune evasion to current vaccines. Recent reports 

demonstrated that two doses of a mRNA-based vaccine elicit poor neutralization to Omicron 

compared to Delta, while a third dose broadens neutralizing antibody responses against Omicron in 

healthy adults. 

Added value of this study  

Our work shows that a third dose of BNT162b2 remains effective at least three-month post-vaccination 

to neutralize Delta in nursing home residents, but that Omicron is less sensitive to neutralization.  

Implications of all the available evidence  

Considering the partial immune escape to BNT162b2, further studies are necessary to assess if new 

specific vaccines or repeated BNT162b2 booster doses should be considered in the medium term. 
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ABSTRACT 

Background The present study aimed to evaluate the persistent immunogenicity offered by a third 

dose of BNT162b2 against Delta and Omicron variants, in nursing home (NH) residents. 

 

Methods In this monocenter prospective observational study, anti-spike IgG levels, S1 domain reactive 

T cell counts, serum neutralizing antibody titers against Delta and Omicron variants were compared 

before and up to three months after the BNT162b2 booster dose, in NH residents without COVID-19 

(COVID-19 naive) or with COVID-19 prior to initial vaccination (COVID-19 recovered). 

 

Findings 106 NH residents (median [interquartile range] age: 86∙5 [81;91] years) were included. The 

booster dose induced a high increase of anti-spike antibody levels in all subjects (p < 0.0001) and a 

mild transient increase of specific T cells. Before the booster dose, Delta neutralization was detected 

in 19% (n=8/43) and 88% (n=37/42) of COVID-19 naive and COVID-19 recovered subjects, respectively. 

Three months after the booster dose, all NH residents developed and maintained a higher Delta 

neutralization (p < 0∙0001). Before the booster dose, Omicron neutralization was detected in 5% 

(n=2/43) and 55% (n=23/42) of COVID-19 naive and COVID-19 recovered subjects, respectively, and 

three months after, in 84% and 95%, respectively. Neutralizing titers to Omicron were lower than to 

Delta in both groups with a 35-fold reduction compared to Delta.   

 

Interpretation The booster dose restores high neutralization titers against Delta in all NH residents, 

and at a lower level against Omicron in a large majority of participants. Future studies are warranted 

to assess if repeated BNT162b2 booster doses or new specific vaccines might be considered for 

protecting such fragile patients against Omicron and/or future SARS-CoV-2 variants.    

Funding French government through the Programme Investissement d’Avenir (I-SITE ULNE/ANR-16-

IDEX-0004 ULNE) and the Label of COVID-19 National Research Priority (National Steering Committee 

on Therapeutic Trials and Other COVID-19 Research, CAPNET)  
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Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in late 2019 in China and has 

since then caused the coronavirus disease 2019 (COVID-19) pandemic. Nursing home (NH) residents 

display both a higher risk of severe COVID-19 and an age-related immune alteration (also called 

immunosenescence).1 Previous reports demonstrated a low postvaccination antibody and cellular 

response against SARS-CoV-2 in older people compared to younger.2,3 We notably reported that the 

antibody response and the functional T-Cell response to SARS-CoV-2 were impaired three months after 

initial SARS-CoV-2 BNT162b2 mRNA vaccination series (two doses) in NH residents, including the 

neutralizing response against the B.1.1.7 (Alpha) variant which was dominant in the first months of 

2021.3 This data suggested that a third dose should be considered to improve protective immunity in 

this at-risk population. Since the summer of 2021, numerous national health authorities have 

recommended such a booster vaccination in older people and other immunocompromised subjects, 

but the Delta variant was already dominant at this time, and the efficiency of such vaccinal schemes 

against the current dominant variants of concern (VoC) B.1.617.2 (Delta) and B.1.1.529 (Omicron) 

needs to be assessed.  

Indeed, the SARS-CoV-2 spreading has been controlled thanks to vaccines and despite the 

emergence of successive virus variants. Recently, Omicron has been detected in South Africa, 

Botswana and in a traveler from South Africa in Hong Kong in November 2021.4 Compared to the 

previous VoC, Omicron displays numerous additional mutations modifying epitope sites within the 

receptor binding domain (RBD) of the spike protein.5,6 Consequently, several reports logically 

demonstrated that neutralizing activity against Omicron was absent or very low for monoclonal 

antibodies, and for sera from convalescent or from double vaccinated people.5,7–9 Conversely, a third 

dose of mRNA based vaccine elicited humoral immunity capable of cross-neutralizing new variants.5,7 

However, specific studies are warranted to assess immunogenicity of a booster strategy in 

immunocompromised and/or subjects at risk for severe COVID-19. The present study aimed to 

evaluate the persistent immunogenicity offered by a third dose of BNT162b2 against Delta and 

Omicron variants, in boosted NH residents without or with COVID-19 prior to initial vaccination.  
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Methods 

Study design and participants 

This was a prospective single-center study conducted at the Lille University Hospital, in the North of 

France. NH residents were included in the study before receiving the first 2 doses of BNT162b2 

mRNA vaccine if they fulfilled the following inclusion criteria: age >65 years, consent to be vaccinated 

with BNT162b2 mRNA vaccine and eligibility for the third dose (“booster” vaccine), in absence of 

contraindication and/or medical reason which could limit the follow-up and compliance to the study. 

Exclusion criteria were any recent, current or persistent infectious disease, any neoplasia diagnosis in 

the last five years, or treatment with steroids and/or immunosuppressants. . Participant 

characteristics collected at baseline (i.e before the first dose of BNT162b2 vaccine) included other 

associated diseases, and assessment of prior SARS-CoV-2 infection, determined by polymerase chain 

reaction (PCR) and/or high antibody titer to SARS-CoV-2 spike S domain: participants with a history of 

positive PCR in 2020 and/or who tested positive for anti-S antibodies before inclusion were 

considered as “COVID-19-recovered”, and the other participants as “COVID-19-naive”. As repeated 

PCR were performed in case of any viral symptom and/or in case of COVID-19 diagnosis in the same 

ward (cluster), no COVID-19 diagnosis was only based on any clinical symptoms. Geriatric Nutritional 

Risk Index was calculated according to the Lorentz formula: GNRI = (1∙489 x albumin, g/l) + (41∙7 x 

present/ideal body weight), with the ideal weight calculated according to the Lorentz 

formula.10Frailty was assessed with the Clinical Frailty Scale as proposed by Rockwood et al.,11 and 

using the Fried frailty phenotype criteria.12  

The vaccination protocol was strictly performed in accordance with the guidelines of the French Health 

authorities. Each dose of BNT162b2 contained 30 µg (COMIRNATY, Pfizer/BioNTech). The first NH 

residents received the initial vaccination (i.e. Dose 1 and Dose 2) in December 2020 and January 2021, 

with a time interval of 21 to 28 days between both doses. In case of recent diagnosis of COVID-19, the 

initial vaccination was delayed by at least three months after the infection (but no delay was observed 

between the first and the second dose). Data at baseline and three-month post-vaccination have been 

previously described.3 The booster dose was administered to NH residents between September and 

November 2021, as soon as recommended by the French Health Authorities and from at least six 

months after the initial vaccination. Data before and after the booster vaccine are reported in the 

present study. 

Anti-SARS-CoV-2 antibodies  

Anti-SARS-CoV-2 spike specific immunoglobulin G (IgG) were assessed in serum samples using the 

LIAISON® SARS-CoV-2 TrimericS IgG assay (Diasorin S.p.A, Saluggia, Italy). The cut-off value established 

by the manufacturer according to the neutralizing activity from a WHO International Standard was 

33∙8 binding antibody units (BAU)/ml. The maximum IgG level that could be determined with 

appropriate precision after dilution was 2080 BAU/ml.  

SARS-CoV-2 Neutralization assay 

Neutralizing antibodies were investigated using a live virus neutralization assay. B.1.617.2 (Delta) and 

B.1.1.529 (Omicron) lineages SARS-CoV-2 strains were previously isolated from clinical specimens and 

propagated in Vero E6 cells. The whole-genome sequences of the viral isolates, obtained with the 

COVIDSeq library preparation kit (Illumina®), were submitted to GISAID (accession reference 

EPI_ISL_2143633 and EPI_ISL_7696645 for Delta and Omicron variants respectively). In brief, serial 2-

fold dilutions (starting from 1:10) of the heated serum (56°C for 30 min) were incubated for 1 h at 37°C 

with a viral solution containing 100 TCID50 of SARS-CoV-2 and then added to Vero E6 cell monolayers 
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in a 96-well plate. The cytopathic effect was recorded after three days, and the serum virus 

neutralization titer (NT50) was defined as the reciprocal value of the highest dilution that showed at 

least 50% protection of cells. A sample with a titer ≥ 20 was defined as positive. Negative results (NT50 

<20) were set to 1 for statistical analyses and graphics. 

IFNy ELISpot assay 

IFNy ELISpot assay was performed as previously described.3,13 In brief, overlapping peptide pools 

covering the N-terminal S1 domain were used (PepTivator SARS-CoV-2, Miltenyi Biotec, Bergisch 

Gladbach, Germany). Peptides consisted of 15-mer sequences with 11 amino acids overlap. Microtiter 

plates coated with anti-IFNy antibodies (T-SPOT.TB, Oxford Immunotec) were used. The cell 

suspension was normalized at a final concentration of 2∙5 x 106 cells/ml, and plating with SARS-CoV-2 

antigens was manually performed (2∙5 x 105 peripheral blood mononuclear cells added per well). 

Peptide pools were added at a concentration of 0∙5 μg/ml. Following an incubation at 37°C for 16–20 

h in a humidified atmosphere containing 5% CO2, wells were washed and incubated with conjugate 

reagent for 1 h at 2–8°C. After a washing step, wells were developed for 7 min with substrate solution. 

The reaction was stopped by adding distilled water. Plates were allowed to dry in an oven at 37°C for 

1 h. Spot-forming cells (SFCs) were detected using the CTL ImmunoSpot plate reader. Appropriate 

negative and positive controls were used.13 

Statistical analyses 

Categorical variables are expressed as numbers (percentages) and quantitative variables are expressed 

as median (interquartile range) regarding the non-Gaussian distribution of immune parameters. 

Normality distribution was assessed graphically and using the Shapiro-Wilk test. Immune parameters 

assessed before booster vaccine dose (pre-boost values) were compared to immune parameters 

assessed at one- and three-month after booster vaccine dose (post-boost values) in each study group 

(COVID-19 naive and COVID-19-recovered) separately, using the Wilcoxon’ signed rank tests. 

Comparisons of immune parameters between COVID-19 naive and COVID-19-recovered were done 

using Mann-Whitney U tests. Comparisons of neutralizing titers between Delta and Omicron assessed 

at three-month after booster vaccine dose in each study group was done using the Wilcoxon’ signed 

rank test, and the magnitude of the difference was expressed as fold change in geometric mean 

neutralization titers (GMNT), after exclusion of samples with neutralization titers below the limit of 

detection. Statistical tests were done at the two-tailed α level of 0.05. No correction for multiple 

testing was carried out considering the exploratory nature of the study. Data analyses and graphs were 

performed using the GraphPad Prism software version 9.1.2 (GraphPad Software, La Jolla, CA, USA).   

Ethics 

This study was performed in accordance with the Declaration of Helsinki principles for ethical research. 

The study was approved by the Ile-De-France V (ID-CRB 2021-A00119-32) ethics committee. All 

participants (and/or their legal representative if required) received detailed information and signed a 

consent form before participating in the study. The study was registered in ClinicalTrials.gov, with the 

identifier NCT04760704. 

Role of the funding source 

The funder had no role in considering the study design or in the collection, analysis, interpretation of 

data, writing of the report, or decision to submit the article for publication. 
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Results 

Patient characteristics 

Among the 114 NH residents included in the initial study, 106 were included in the present study. 

Among these 106 NH residents who received the booster dose, 47 did not have any history of COVID-

19 before the initial vaccination (COVID-19 naive), and 59 had a COVID-19 diagnosis prior to any 

vaccination (COVID-19 recovered) (Supplementary Figure 1). The median [interquartile range, IQR] age 

was 86∙5 [81;91] years and the other main characteristics are summarized in Table 1. No COVID-19 

diagnosis was made between the baseline (prior the first vaccination) and the sampling performed 

three months after the booster dose.  The median [IQR] time from the first dose to the booster dose 

was 8 [6∙9;8∙3] months. No significant immediate side effect was reported. Nineteen residents died  

and/or were not sampled yet three months after the booster dose, at the time of analysis 

(Supplementary Figure 1). All deaths occurred remotely from vaccination and were not related to any 

SARS-CoV-2 infection. Finally, 87 NH residents were sampled three months after the booster vaccine 

(median [IQR] from booster dose to three-month evaluation: 3∙2 [3;3∙2] months). 

 

Anti-S antibody levels in NH residents before and after the BNT162b2 booster dose  

Before booster vaccination, 95 among 106 (89∙6%) NH residents had detectable anti-S antibodies (i.e, 

greater than 33.8 BAU/ml), but COVID-19 naive residents had profoundly lower levels of anti-spike IgG 

than COVID-19 recovered participants (Figure 1, Table 2). After booster vaccine, both groups acquired 

high levels of antibodies (Figure 1, Table 2). Because a large part of the antibody levels was greater 

than the upper limit of measure, no comparison was allowed between pre- and post-boost. 

Specific memory T cells in NH residents before and after the BNT162b2 booster dose 

A relative stability of T cell immune response was observed up to eight months after the initial 

vaccination in the whole population, with a persistent greater count in the COVID-19 recovered 

participants compared to COVID-19 naive participants (Figure 2, Table 2). The number of S1 reactive T 

cells increased transiently in both groups one month after the booster dose but went down at a similar 

level to pre-booster count in COVID-19 naive residents (Figure 2, Table 2). 

Neutralizing antibody response against Delta and Omicron three months after the booster dose 

Before booster, neutralizing antibodies against Delta were found in 19% (n=8/43) and 88% (n=37/42) 

COVID-19 naive and recovered NH residents, respectively (Figure 3, panel A). Three months after the 

booster dose, all participants had detectable neutralizing antibodies against Delta with an increase in 

mean titers in both groups (p < 0∙0001). COVID-19 recovered residents had significantly higher titers 

than COVID-19 naive participants (p = 0∙01) (Figure 3, panel A -Table 2). 

In contrast neutralizing antibodies against Omicron were found in only 5% (n=2/43) and 55% 

(n=23/42) before the booster dose in COVID-19 naive and recovered participants, respectively (Figure 

3, panel B). Three months after the booster dose, Omicron-specific mean titers increased in both 

groups (p < 0∙0001), and 84% (n=36/43) and 95% (n=40/42) of NH residents had detectable neutralizing 

antibodies in COVID-19 naive and recovered participants, respectively. Neutralization titers against 

Omicron were only slightly greater in COVID-19 recovered NH residents compared to naive ones (p = 

0∙09) (Figure 3, panel B -Table 2).  

Finally, neutralizing antibody titers against Delta and Omicron were compared in the two 

groups of NH residents. Geometric mean neutralizing titers (GMNT) against Omicron were 34- and 35-
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fold reduced compared to Delta (p < 0∙0001) in COVID-19 naive and COVID-19 recovered residents, 

respectively (p < 0∙0001) (Figure 4). 

 

Discussion 

Our report is the first to show that NH residents, a population in which COVID-19 outbreaks 

were responsible for high fatality rates,1 develop and maintain high neutralizing antibodies against 

Delta, up to three months after a booster dose of BNT162b2 mRNA vaccine. The booster vaccine elicits 

neutralization activity against Omicron though at lower titers, even in NH residents with COVID-19 

before the initial vaccination.  

As reported by others at six months, our study shows that specific antibodies declined eight 

months after the initial vaccination in NH residents without prior COVID-19.14 Conversely, a large 

majority of COVID-19 recovered participants kept significant levels of anti-spike antibodies. These data 

suggest that infection-induced immunity elicits a stronger and persistent humoral immunity in 

association with initial vaccination. Before the booster dose, we observed that there was no 

correlation between the anti-spike antibody levels assessed with serological test (detected in 89∙6% of 

NH residents) and the neutralizing antibody levels against Omicron (detected in n=25/85, 29∙4%), as 

well as against Delta (n=45/85, 52∙9%): this can be easily explained because serological assays used in 

routine practice are based on the native antigens, and this also raises the question of their relevance 

in a context of pandemic with new variants. Indeed, a 264 BAU/mL cut-off was shown to be correlated 

with protection against Alpha variant infection.15 Such cut-off still need to be determined for Delta or 

Omicron variants.   

To assess the interest of a booster dose, some studies made a short-term evaluation of the 

antibody response, at two weeks after the booster dose and observed that anti-spike and anti-

receptor-binding-domain antibodies increased in almost all subjects.14 As the persistence of vaccine-

induced protection is a major concern in this high-risk people, we conducted our immunogenicity study 

up to three months after a BNT162b2 booster dose. Our data show that anti-spike antibody levels 

remain high in COVID-19 recovered as well as in COVID-19 naive older people.  

As the T cell response is critical to support antibody response and immune memory, but as 

new specific T cells are usually difficult to be induced in older people, we also studied it before and 

after the vaccine booster. We observed that the advantage conferred by a prior infection persisted 

with time. By comparing COVID-19 recovered and naive participants, we observed that the specific T 

cell response mildly decreased with time in both groups after initial vaccination with BNT162b2 and 

that the booster dose induced only a mild and transient increase in specific T cells. Indeed, the COVID-

19 naive NH residents’ T cell responses were not statistically higher three months after the booster 

dose compared to pre-booster levels. However, circulating T cell counts offer only a partial view of the 

whole T cell memory response, and that may explain why our data demonstrate that humoral response 

(against the same spike antigens) can be effectively boosted.  

The worldwide expansion of SARS-CoV-2 Delta which overtook the Alpha variant in July 2021 

and the current rapid expansion of Omicron questioned the risk of immune escape to mRNA SARS-

CoV-2 vaccines, the latter being formulated using mRNA encoding the original wild-type SARS-CoV-2 

spike protein. As neutralizing antibodies titers are considered as predictors of protection against 

variants (i.e severe COVID-19 infections, hospitalizations, and deaths), assessment of vaccinal 

strategies effectiveness must be conducted using neutralization assays.16 First, we observed that only 

few COVID-19 naive participants had detectable neutralizing antibodies before the booster dose 
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contrasting with a large majority of COVID-19 recovered. As all NH residents received two doses and 

that no subject was diagnosed for COVID-19 between initial vaccination and the booster dose, the 

higher anti-delta neutralizing antibody levels in COVID-19 recovered residents can only be explained 

by the prior infection-induced immunity. This is in line with several studies performed in younger adults 

who received their primary vaccination series six to 12 months before assessment and who had a 

history of SARS-CoV-2 infection.5 

The recent emergence of Omicron has led us to rapidly study the degree of neutralization 

provided by the booster in this context.16 Unlike Delta, we observed low rates of neutralization against 

Omicron in few COVID-19 naive and in half COVID-19 recovered participants before the booster dose, 

suggesting that the vaccine-induced immunity and the infection-induced immunity by variants 

preceding Omicron had a lower impact than observed on Delta. Consistently the booster vaccine 

induced only a mild increase that did not differ between COVID-19 naive residents and convalescent 

participants, in accordance with observations in younger adults.5,7,8,17–23 The higher number of 

mutations within the spike domain explains this immune escape of Omicron,5 and the similar 35-fold 

reduction of neutralization between Delta and Omicron titers whatever the history of prior-COVID-19.  

Fortunately, Omicron, which can occur in boosted-vaccinated people, seems to be rarely 

responsible for severe COVID-19 even in this high risk population.24,25 Interestingly, within the days 

following the three-month post-boost assessments, eight subjects from the present cohort and nine 

additional residents in the same NH were diagnosed with asymptomatic Omicron carriage or mild 

COVID-19 symptoms and only one patient required low oxygen therapy (2L/min) for mild exacerbation 

of chronic breathing difficulties (data not shown).  

Important strengths of our study are the presence of COVID-19 naive and recovered NH 

residents, the long-term follow up of the same cohort 12 months after the initial vaccination, and the 

evaluation of neutralization against two VoC three months after the booster dose, which may be 

relevant for older people boosted since the summer of 2021 in many countries. Our present study 

offers a real-time vision of the protection conferred by the booster dose during the current Omicron 

epidemic in subjects considered as highly fragile due to their advanced age and numerous underlying 

diseases. 

Limitations are the small sample size of NH residents and the absence of a control group with 

younger subjects but findings available in healthy younger controls in other studies are consistent with 

our results.5 Nevertheless, we are performing a similar study in more than 100 health care workers, 

who were already included in the previous study,3 to compare the immunogenicity of the boost with 

NH residents. We are not able to compare several vaccines as in France, NH residents were only 

vaccinated with BNT162b2, but similar results were observed between mRNA vaccines in younger 

controls.5 Further studies are also warranted in older people who don’t live in NH. Nevertheless, the 

cohort in the present study represents a vulnerable population of high interest in COVID-19 vaccine 

assessment. Finally, there were more missing data in COVID-19 recovered participants who died 

and/or who received their booster dose less than three months before the time of sampling, than in 

COVID-19 naive NH residents. However, we consider that this may have a limited impact on the 

analyzes, as results obtained within the group of subjects without prior COVID-19 are more important. 

Furthermore, all differences observed between pre-boost and three-month post-boost were 

statistically highly significant within both groups and the number of available samples three months 

after the booster dose was similar in both groups.  

In conclusion, our report is the first to illustrate the three-month long effect of a booster 

BNT162b2 vaccine on neutralization of Delta and Omicron in older people: it highlights the positive 
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effects on both Delta and Omicron neutralization, despite the relative immune escape of the latter. 

We can hypothesize that the combined effect of low but adequate immunization, and the lower risk 

of complications reported in vaccinated healthy subjects, may contribute to a lower risk of severe 

Omicron infection in boosted older people. However, while the SARS-CoV-2 Omicron rarely leads to 

severe disease in vaccinated population, a recent report demonstrated that infection can cause severe 

disease in unvaccinated individuals with advanced age.26 Considering the partial immune escape to 

BNT162b2, further studies are warranted to assess if new specific vaccines or repeated BNT162b2 

booster doses could also be considered for protecting such fragile patients.    

  



11 

 

AUTHOR CONTRIBUTIONS 

EKA, JD, BC-S, ML, and GL conceived and designed the study and participated in data collection, 

analysis, writing of the manuscript, and revision of the manuscript. EKA, JD, BC-S, ML, and GL take full 

responsibility for the integrity of the data and the accuracy of the data analysis. They are the 

guarantors. JL, AG, JT, DL, SM, FV, ArD, DH-G, JP, DaD, KF, DoD, LB, AlD, AS, DH, MH, FP, BA and YY 

participated in data analysis, and revision of the manuscript. All authors gave final approval for the 

version to be submitted. The corresponding author attests that all listed authors meet authorship 

criteria and that no others meeting the criteria have been omitted. 

 

FUNDING 

This work was supported by the French government through the Programme Investissement d’Avenir 

(I-SITE ULNE/ANR-16-IDEX-0004 ULNE) managed by the Agence Nationale de la Recherche. 

This study received the Label of COVID-19 National Research Priority, awarded by the National Steering 

Committee on Therapeutic Trials and Other COVID-19 Research (CAPNET) 

 

ACKNOWLEDGMENTS 
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FIGURES 

Figure 1: Anti-S1 antibody levels before, 1-month and 3-month after booster BNT162b mRNA vaccine dose 

in NH residents. 
Individual values and median [interquartile range (IQR)] are shown. (A) Anti-S1 IgG levels in NH residents 

without (naive, blue) or with (recovered, red) prior COVID-19 before initial vaccination according to time (in 

months), from before initial vaccination (Dose 1, D1; Dose 2, D2; time interval between D1-D2: 21 to 28 days), 

to 3-month post booster vaccine dose. Mann-Whitney U test was performed to compare naive and recovered 

residents. ****p-values < 0∙0001 (B) Comparison of antibody levels before (pre-boost) and at 1- and 3-month 

post-booster vaccine dose in COVID-19 naive NH residents (blue) and in COVID-19 recovered residents (red). 

No statistical comparison was performed because a large part of antibody levels was greater than the upper limit 

of detection.  

Figure 2: S1 specific reactive T cells before, 1-month and 3-month after booster BNT162b mRNA vaccine 

dose in NH residents. 
Individual values and median [interquartile range (IQR)] are shown. (A) S1 specific reactive T cells in NH 

residents without (naive, blue) or with (recovered, red) prior COVID-19 before initial vaccination (Dose 1, D1; 

Dose 2, D2; time interval between D1-D2: 21 to 28 days), according to time (in months), from before initial 

vaccination to 3-month post booster vaccine dose. Mann-Whitney U test was performed to compare naive and 

recovered residents. (B) Comparison of S1 reactive T cells before (pre-boost) and 1- and 3-month post-booster 

vaccine dose in COVID-19 naive NH residents (blue) and in COVID-19 recovered residents (red). Wilcoxon 

signed rank test was used for within-subjects comparisons. ****p-value < 0∙0001, ** p-value < 0∙01, ns, not 

significant 

Figure 3: Neutralization of the Delta and Omicron variants before and 3 months after booster BNT162b 

mRNA vaccine dose in NH residents. 

Individual values, geometric mean neutralization titers (GMNT) and 95% confidence intervals are shown. 

Percentages and pie charts show the proportion of participants within each group that had detectable neutralization 

against the indicated variant. Serum neutralization titers of live B.1.617.2 (Delta, left) and B.1.1.529 (Omicron, 

right) SARS-CoV-2 strains determined for NH residents without (naive, blue) or with (recovered, red) COVID-19 

before initial vaccination. Wilcoxon signed rank test was used for within-subjects comparisons. Mann-Whitney U 

test was performed to compare naive and recovered residents at 3 months. *p-values <0∙05; ****p-values < 

0∙0001; ns, not significant 

Figure 4: Fold-decrease in neutralization titers of Omicron relative to Delta 3 months after booster 

BNT162b mRNA vaccine dose in NH residents. 

Individual values and fold-decrease in geometric mean neutralization titers (GMNT) of Omicron relative to Delta 

in NH residents without (naive, blue) or with (recovered, red) COVID-19 before initial vaccination is shown as a 

number with ‘‘x’’ symbol. Patients without detectable antibodies were not included in the GMNT reduction 

calculation. Wilcoxon signed rank test was used for within-subjects comparisons in titers found with Delta and 

Omicron variants 3 months after the boost vaccine dose. ****p-values < 0∙0001. 











Characteristics 
COVID-19-naive  

(n=47) 

COVID-19 recovered  

(n=59) 

Age (years) (median [IQR]) 86 [77;90] 86 [81;90] 

Female [n (%)] 30 (64) 41(69) 

Comorbidities  [n (%)]     

    Hypertension 32 (68) 41 (69) 

    Coronary heart disease 34 (72) 43 (73) 

    Diabetes 13 (24) 14 (25) 

    Chronic renal failure 14 (30) 16 (27) 

    COPD 8 (17) 18(30) 

    Dementia  46 (98) 56 (94) 

Frailty (median [IQR])     

    Fried frailty phenotype criteria 4 [3;4] 4 [3;4] 

    Clinical Frailty Scale  7 [7;7] 7 [7;8] 

Nutritional status (median [IQR])     

    Albuminemia (g/L) 33 [31;36] 35 [33;37] 

    Geriatric Nutritional Risk Index 91 [85;95] 92 [86;96] 

    Body mass index (kg/m²) 25 [20;31∙2] 24 [21;27] 

IQR=interquartile range     

Table 1 │ Characteris+cs of nursing home residents 

 

 



Subjects and 

Immunological 

parameters 

Unit  Before initial 

vaccination 

3 months after 

initial vaccination 

 Before booster 

dose 

1 month after 

booster dose 

1 month after 

versus before 

booster dose, 

p value 

3 months after 

booster dose 

3 months after 

versus before 

booster dose, 

p value 

          

COVID-19 naive NH residents 
         

Anti-Spike antibodies BAU/mL, 

median [IQR] 

 0 [0;2·59] 

N=51 

529 [283;849] 

N=51 
 

87·4 [36·5;168·5] 

N=46 

2080 [2080;2080] 

N=44 
na* 

2080 [2080;2080] 

N=43 
na* 

S1 specific reactive T 

cells 
IFNγ SFCs, 

median [IQR] 

 1 [0;2] 

N=51 

13 [4·5;26·5] 

N=49 
 

10 [5;21] 

N=46 

19 [8·5;53] 

N=45 
0·0054 

12·5 [5;27.5] 

N=42 
0·45 

Neutralizing antibodies 

against Delta 
NT50, GMNT 

[95%CI] 

 
na na  

2·3 [1·3;4]** 

N=43 
na  

1825 [1150;2896] 

N=43 
<0·0001 

Neutralizing antibodies 

against Omicron 
NT50, GMNT 

[95%CI] 

 
na na  

1·2 [0·9;1·5]** 

N=43 
na  

37·3 [20·7;67·3] 

N=43 
<0·0001 

           

COVID-19 recovered NH residents 
 

        

Anti-Spike antibodies BAU/mL, 

median [IQR] 

 141 [38·6;348] 

N=64 

2080 [1850;2080] 

N=59 
 

1900 [944;2080] 

N=58 

2080 [2080;2080] 

N=57 
na* 

2080 [1783;2080] 

N=44 
na* 

S1 specific reactive T 

cells 
IFNγ SFCs, 

median [IQR] 

 16·5 [8;33·7] 

N=60 

65 [23;153·3] 

N=62 
 

41 [17·5;102·5] 

N=58 

74 [17·5;102·5] 

N=58 
0·0019 

52·5 [29·5;164·8] 

N=44 
<0·0001 

Neutralizing antibodies 

against Delta 
NT50, GMNT 

[95%CI] 

 
na na  

235·4 [105·9;523·3] 

N=42 
na  

4200 [2593;6805] 

N=42 
<0·0001 

Neutralizing antibodies 

against Omicron 
NT50, GMNT 

[95%CI] 

 
na na  

8·3 [4·4;15·6]** 

N=42 
na  

101·4 [59·9;171·7] 

N=42 
<0·0001 

Data are median [IQR] or GMNT [95% CI] as indicated and N are number of samples available for each analysis. BAU/mL=binding antibody units (BAU)/mL. IQR=interquartile range. IFNγ SFC= 

interferon gamma spot-forming cells / 250 000 peripheral blood mononuclear cells. NT50= neutralization titer. GMNT=geometric mean neutralization titer. 95%CI=95% confidence interval. na: 

not available. N= are number of available samples for each analysis. * * no comparison was performed because a large part of antibody levels was greater than the upper limit of measure. ** 

Negative results (NT50 <20) were set to 1 for statistical analyses. 

Table 2 │ Immunological parameters  

 




