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Summary
BACKGROUND: Given their high-risk resident population,

nursing homes were critical institutions in the COVID-19

pandemic, calling for continued monitoring and vaccine

administration to healthcare workers and residents. Here,

we studied long-term severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) immunity in vaccinated and

unvaccinated healthcare workers and residents of a nurs-

ing home in Switzerland between February 2021 and June

2022.

METHODS: Our study comprised 45 participants, of which

39 were healthcare workers and six were residents. All

participants were offered a maximum of three mRNA vac-

cine doses (Pfizer/BioNTech, BNT162b2) in December

2020, January 2021, and November/December 2021.

Thirty-five participants received three vaccinations, seven

either one or two, and three remained unvaccinated. We

collected four blood samples: one in March 2021 and

three during follow-ups in November 2021, February 2022,

and June 2022. We performed a multifactorial serological

SARS-CoV-2 assay (ABCORA) for immunoglobulin G, A,

and M responses to spike (receptor-binding domain, S1,

and S2) and nucleocapsid (N) proteins. Furthermore, we

assessed predicted neutralisation activity based on signal

over cutoff in ABCORA. We collected epidemiological data

from participants via a standardised questionnaire.

RESULTS: Thirty-two (71%) of the 45 participants showed

hybrid immunity from combined vaccination and previous

infection; 10 (22%) had only vaccine-induced immunity;

and three (7%) had only post-infection immunity. Partici-

pants with hybrid immunity showed the highest predicted

neutralisation activity at the end of the study period (medi-

an Sum S1 = 273), and unvaccinated participants showed

the lowest (median Sum S1 = 41). Amongst participants

who reported a SARS-CoV-2 infection, median Sum S1

levels increased with the number of vaccinations (p =

0.077). The healthcare worker group showed a significant

time-dependent decrease in median Sum S1 after base

immunisation (93% decrease, p = 0.0005) and the booster

dose (26% decrease, p = 0.010). Predicted neutralisation

activity was lower amongst residents (adjusted ratio of

means [AM] = 0.7, 95% confidence interval [CI] = 0.3–1.0)

and amongst smokers (AM = 0.5, 95% CI 0.3–0.8). Activity

increased with the number of vaccinations (booster: AM

= 3.6, 95% CI 1.5–8.8; no booster: AM = 2.3, 95% CI

0.9–2.5). Positive SARS-CoV-2 infection status tended to

confer higher predicted neutralisation levels (AM = 1.5,

95% CI 0.9–2.5).

CONCLUSIONS: Our study of the long-term serological

course of SARS-CoV-2 in a nursing home showed that the

first SARS-CoV-2 booster vaccine was essential for main-

taining antiviral antibody levels. Hybrid immunity sustained

SARS-CoV-2 immunity at the highest level. In critical set-

tings such as nursing homes, monitoring the SARS-CoV-2

immune status may guide booster vaccinations.

Introduction

Caused by the severe acute respiratory syndrome coro-

navirus 2 (SARS-CoV-2), the coronavirus disease 2019

(COVID-19) pandemic remains a global threat to public

health [1]. Since the first outbreak in March 2020 in

Switzerland, there have been more than 4.4 million con-

firmed COVID-19 cases, more than 64,000 COVID-19-re-

lated hospitalisations, and more than 14,000

COVID-19-related deaths [2]. With the licensing of two

mRNA vaccines (Pfizer-BioNTech and Moderna) in De-

cember 2020, the nationwide vaccination campaign has

been essential for controlling the spread of the SARS-

CoV-2 virus [3–5]. Initial clinical trials found that basic

immunisation with two vaccine doses provided >90% pro-

tection against SARS-CoV-2 infection and severe

COVID-19 for up to four months [6, 7]. As infection rates
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increased drastically again in June 2021 – about six months

after the first vaccination campaign – an Israeli study ob-

served a waning in vaccine response over time [8]. There-

fore, a third vaccination (first booster) was approved,

which became available in Switzerland in November 2021

for people aged ≥65 years and for high-risk groups [9].

Hybrid immunity – the immune response among vaccinat-

ed individuals with previous exposure to SARS-CoV-2 –

provides the strongest form of protection [10–12]. For ex-

ample, a study performed in a French nursing home during

the SARS-CoV-2 omicron wave in December 2021 docu-

mented breakthrough infections among residents who re-

ceived three vaccine doses [13]. While several residents

with hybrid immunity experienced breakthrough infec-

tions, the infection rate was higher among previously naïve

residents [13]. Furthermore, a recent study found natural

immunity from previous infections more durable yet less

effective than vaccine-induced immunity [11]. This finding

emphasises the importance of vaccination against SARS-

CoV-2 and highlights the necessity of booster vaccine dos-

es for maintaining an optimal immune response. Further

vaccinations may be necessary for maintaining protective

immunity, particularly among older populations and those

with comorbidities who appear more prone to waning im-

mune responses [14].

Nursing homes are critical institutions in the ongoing

COVID-19 pandemic due to their high-risk resident popu-

lation [15]. Similarly, healthcare workers in nursing homes

are also at high risk of contracting and transmitting the

SARS-CoV-2 virus among themselves and residents due

to their close patient contact [16]. Therefore, we studied

long-term SARS-CoV-2 antibody responses among resi-

dents and healthcare workers of a nursing home in Switzer-

land between February 2021 and June 2022.

Methods

Study setting and participants

This study was conducted in a two-house nursing home in

the canton of Solothurn, Switzerland, with a 93 resident

capacity. The nursing home was among the first in the

canton to vaccinate healthcare workers and residents. The

study participants comprised six residents and 39 health-

care workers. Participants received their first COVID-19

mRNA vaccine dose (Pfizer/BioNTech, BNT162b2) in

December 2020 and the second in January 2021. In Feb-

ruary 2021, the nursing home experienced an outbreak in

one house, which we investigated in a previous study [17].

Consistent with national recommendations, participants re-

ceived a third vaccination – the first booster – in Novem-

ber and December 2021. As of June 2022, 41 (91%) par-

ticipants had received basic immunisation with two doses,

and 35 (78%) had received booster doses. While most par-

ticipants received each vaccine dose simultaneously at the

given time points, a few had slightly varying vaccine ad-

ministration dates.

This study enrolled all staff and residents from the out-

break investigation in February 2021 [17] who were alive

and willing to participate. Before the third vaccination in

November 2021, we invited additional staff and residents

to participate in this study. Residents with impaired judg-

ment were not offered participation per ethics committee

guidelines. The selection of study participants is shown in

figure 1.

Data collection

We developed a standardised questionnaire to obtain basic

information, such as sex, age, profession, COVID-19 in-

fection episodes, and vaccination history (supplementary

file available for download at https://doi.org/10.57187/

s.3502). We entered questionnaire data into REDCap [18,

19]. Data were collected in February 2022 and updated in

June 2022 at the end of the study.

We collected four blood samples at different time points

for analysis. The first (time point 1) was taken in March

2021 during the outbreak investigation [17]. Three addi-

tional blood samples were drawn during follow-up at the

following time points: time point 2 in November 2021

(eight months after basic immunisation and before the first

booster [third vaccination]), time point 3 in February 2022

(one month after the first booster), and time point 4 in June

2022 (six months after the first booster; figure S1 in the

appendix). Blood samples were analysed and stored at the

Institute of Medical Virology at the University of Zürich,

Switzerland.

Serological analyses

We assessed antibody reactivity with ABCORA 2.0, a

bead-based, multiplex immunoassay that uses Luminex

technology. We measured immunoglobulin G (IgG), A

(IgA), and M (IgM) responses to SARS-CoV-2 spike pro-

tein subunits (receptor-binding domain [RBD], S1, and S2)

and nucleocapsid (N) protein. Seroprofiling with ABCO-

RA 2.0 also allowed for reliable predictions of neutralisa-

tion activity against the SARS-CoV-2 Wuhan-Hu-1 strain

based on anti-S1 reactivity sum of S1 signal over cutoff

(SOC) values for IgG, IgA and IgM (Sum S1) [20, 21].

Definitions

We defined SARS-CoV-2 infection status as positive in

cases with reactive values in N protein serology, docu-

mented infection with positive polymerase chain reaction

tests, or both.

Statistical analysis

We used descriptive statistics to describe participants’

characteristics. We compared the predicted neutralisation

activity of different immunisation statuses. We assessed

potential risk factors for low predicted neutralisation activ-

ity using univariate linear regression models with single or

multiple predictors. Variables were selected based on pre-

vious studies [8, 14, 20, 22] and expert knowledge. For the

regression analysis, we log-transformed each participant’s

most recent Sum S1 values and exponentiated coefficients

to obtain a ratio of means [20]. The ratio of means shows

the expected mean Sum S1 value relative to a reference

group for each risk factor. We performed all analyses in the

R statistical software (version 4.2.2) [23].

Ethics statement

The Ethics Committee of Northwestern and Central

Switzerland reviewed and approved this study (reference

Original article Swiss Med Wkly. 2023;153:3502
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no. 2022-00261). All study participants provided written

informed consent.

Results

Participants’ characteristics

The median age of the six resident participants was 86

years (range = 54–104). All were female, five suffered

from at least one comorbidity, and five smoked tobacco.

Three received booster vaccines, one received basic immu-

nisation with two doses, and two were unvaccinated. All

resident participants experienced at least one SARS-CoV-2

episode [17]. By the final time point in June 2022, four res-

idents showed hybrid immunity and two (33%) only natur-

al immunity from previous SARS-CoV-2 infections (table

1).

The median age of the 39 healthcare worker participants

was 56 years (interquartile range [IQR] = 46–60). Seven

(18%) were male, and 32 (82%) were female. Fifteen

(38%) suffered from at least one comorbidity. Seven (18%)

smoked tobacco. Thirty-two (82%) received boosters, six

(15%) received either one or two vaccine doses, and one

(2%) was unvaccinated. Twenty-nine (74%) experienced

one confirmed SARS-CoV-2 episode. By June 2022, 28

(72%) healthcare worker participants showed hybrid im-

munity, 10 (26%) showed vaccine-induced immunity, and

one (2%) showed natural immunity (table 1).

Predicted neutralisation activity levels by immunisa-

tion status

Participants with hybrid immunity from combined vacci-

nation and previous SARS-CoV-2 infections showed the

highest predicted neutralisation activities (n = 32; median

Sum S1 = 258, IQR = 206–333). We further differentiated

between individuals with and without booster doses within

the hybrid immunity group. Participants with booster vac-

cines showed the highest predicted neutralisation activities

(n = 25; median Sum S1 = 273, IQR = 224–336). In con-

trast, those without booster vaccine doses showed lower

predicted neutralisation activities (n = 7; median Sum S1 =

208, IQR = 131–258). The group with only natural immu-

nity from previous infections showed the lowest predicted

neutralisation activities (n = 3; median Sum S1 = 41, IQR

= 29–85). Therefore, amongst the participants who report-

ed a SARS-CoV-2 infection, predicted neutralisation activ-

ities tended to increase with the number of vaccine doses

(p = 0.077). Among those who received a booster vac-

cine dose, we found that participants with hybrid immunity

showed higher Sum S1 levels than those who did not re-

port a SARS-CoV-2 infection episode. However, these re-

sults were not statistically significant (p = 0.77; figure 2).

All participants within the vaccination-only group received

booster doses and showed lower Sum S1 levels than both

hybrid immunity groups (n = 10; median Sum S1 = 163,

IQR = 79–355). The group with only natural immunity

from previous infections showed the lowest predicted neu-

tralisation activities (n = 3; median Sum S1 = 41, IQR =

29–85; figure 1).

Figure 1: Selection of study participants.

Original article Swiss Med Wkly. 2023;153:3502
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Table 1:

Epidemiological characteristics of resident and healthcare worker participants from a nursing home in Switzerland (2021–2022).

Healthcare workers Residents Total

Variable n = 39 n = 6 n = 45

Sex, n (%) Female 32 (82) 6 (100) 38 (84)

Male 7 (18) 0 (0) 7 (16)

Age (years), median (IQR) 56 (46–60) 86 (69–91) 56 (46–60)

Age (years), n (%) <70 38 (97) 2 (33) 29 (64)

≥70 1 (3) 4 (67) 16 (36)

SARS-CoV-2 vaccination, n (%) 38 (97) 4 (67) 42 (93)

First booster* 32 (82) 3 (50) 35 (78)

No booster** 6 (15) 1 (17) 7 (16)

Unvaccinated 1 (3) 2 (33) 3 (7)

SARS-CoV-2 infection, n (%) Yes 29 (74) 6 (100) 35 (78)

No 10 (26) 0 (0) 10 (22)

Immunisation status, n (%) Hybrid 28 (72) 4 (67) 32 (71)

Vaccination 10 (26) 0 (0) 10 (22)

Natural 1 (2) 2 (33) 3 (7)

Comorbidities (total), n (%) 12 (31) 5 (83) 17 (38)

None 27 1 28

Diabetes 0 1 1

Cardiovascular disease 2 0 2

Chronic lung disease 4 0 4

Hypertonia 7 4 11

Cancer/immunosuppression 2 0 2

Adiposities (BMI>35) 0 3 3

Other 0 2 2

Tobacco smoker, n (%) Yes 7 (18) 5 (83) 12 (27)

No 32 (82) 1 (17) 33 (73)

IQR: interquartile range; BMI: body mass index.

* Booster: three vaccine doses.

** No booster: one or two vaccine doses.

Figure 2: Sum S1 levels by SARS-CoV-2 immunisation status in resident and healthcare worker participants from a nursing home. Study par-

ticipants were differentiated by their number of received SARS-CoV-2 vaccine doses (booster: three vaccine doses; no booster: one or two

vaccine doses; and no vaccination) and SARS-CoV-2 infection status. In the boxplots, the middle horizontal line denotes the median, and the

lower and upper hinges delineate the interquartile range (IQR), which extends from the 25th (lower hinge) to the 75th (upper hinge) percentile.

The upper (lower) whisker extends from the upper (lower) hinge to the highest (lowest) value, at most up to 1.5 times the 75th (25th) percentile.

Original article Swiss Med Wkly. 2023;153:3502
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Follow-up measurements

Longitudinal binding and predicted neutralisation ac-

tivity

We separately analysed the predicted neutralisation activi-

ty based on Sum S1 levels for the four time points among

resident and healthcare worker participants. Sum S1 levels

showed similar dynamics over time to the IgG response to

spike protein S1 (figures 3 and S2). Since results were on-

ly available for one participant in the resident group for the

first two time points, we could not use them for analysis.

In the healthcare worker group, we observed a decrease of

200 in predicted neutralisation activity from time point 1

(after basic immunisation; median Sum S1 = 215, IQR =

122–291) to time point 2 (before the booster vaccination;

median Sum S1 = 15, IQR = 9–114; median duration be-

tween the first and second time points = 10 months; de-

crease = 93%, p = 0.001). At time point 3 in February 2022

– shortly after administering the booster dose (median =

2 months) – we observed an increase of 309 in predict-

ed neutralisation activity in the healthcare worker group

(median Sum S1 = 324, IQR = 260–372) and a similar in-

crease in the resident group (median Sum S1 = 343, IQR =

125–350). The healthcare worker group showed a further

decrease in Sum S1 levels from time points 3 to 4 (median

Sum S1 = 239, IQR = 193–318; median = 6 months; de-

crease = 26%, p = 0.003). A similar decrease was also ob-

served in the resident group; however, the change was non-

significant (median Sum S1 = 77, IQR = 20–170; median

= 6 months; decrease = 88%, p = 0.320; figure 3, table S1

in the appendix).

Risk factors for low neutralisation levels

We performed a regression analysis of the standardised

questionnaire data to identify possible associations be-

tween participants’ predicted neutralisation based on the

most recent Sum S1 levels and epidemiological character-

istics. We found low predicted neutralisation activity asso-

ciated with age ≥ 70 years (adjusted ratio of means [AM]

= 0.5, 95% confidence interval [CI] = 0.2–0.9) and resi-

dent status (AM = 0.7, 95% CI 0.3–1.0). Participants who

smoked tobacco also had lower predicted neutralisation ac-

tivity (AM = 0.5, 95% CI 0.3–0.8). We observed a positive

association between Sum S1 levels and the number of vac-

cine doses. Unvaccinated participants showed lower pre-

dicted neutralisation activities than those with basic immu-

nisation after one or two vaccine doses (AM = 2.3, 95%

CI 0.9–5.9) and those who received a booster vaccine dose

(AM = 3.6, 95% CI 1.5–8.8). Positive SARS-CoV-2 infec-

tion status also correlated with higher predicted neutralisa-

tion activity (AM = 1.5, 95% CI 0.9–2.5; table 2).

Discussion

This follow-up study of healthcare workers and residents

in a nursing home in Switzerland analysed the long-term

course of their SARS-CoV-2 immune response. We found

participants with hybrid immunity from SARS-CoV-2 vac-

cination and previous SARS-CoV-2 infection showed the

highest immunological response. Receiving a booster vac-

cine dose counteracted waning vaccine-induced immunity

to maintain a robust immune response. Nursing home res-

idents showed greater susceptibility to a waning immune

Figure 3: Time-dependent SARS-CoV-2 antibody kinetics and potency in resident and healthcare worker participants from a nursing home. 
Boxplots showing anti-S1 IgG antibodies (A) and Sum S1 reactivity (B) signal over cutoff (SOC) values representing predicted neutralising po-

tency for healthcare worker and resident participants. Boxplots show antibody levels determined using a multifactorial serological SARS-CoV-2 
assay (ABCORA) at time points 1 (March 2021; two months after the second vaccine dose), 2 (November 2021; 10 months after the second 
vaccine dose), 3 (February 2022; two months after the third vaccine dose), and 4 (June 2022; six months after the third vaccine dose). The 
complete figure, including IgA and IgM antibody levels, is shown in figure S2 in the appendix. IgG: immunoglobulin G; HCW: healthcare 

worker.
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response than healthcare workers, putting them at higher

risk of SARS-CoV-2 infection.

Study participants with hybrid immunity from three vac-

cines (first booster) and a previous SARS-CoV-2 infection

showed the highest Sum S1 levels, likely due to the com-

bined effects of vaccine-induced and natural immune re-

sponses. In contrast, participants with only two vaccination

doses and previous SARS-CoV2 infection showed lower

predicted neutralisation activities. Nevertheless, they

showed higher Sum S1 levels than participants with only

vaccine-induced immunity, all of whom received booster

vaccine doses. This finding suggests that hybrid immunity

provides a more robust immunological response. Our

analysis of epidemiological data showed a trend in higher

neutralisation levels among participants with positive

SARS-CoV-2 infection status, consistent with our immu-

nisation status analysis results. Previous studies also re-

ported that a combination of prior SARS-CoV-2 infection

and vaccination was associated with lower infection rates

and less severe disease [10, 11]. Some participants reported

SARS-CoV-2 infection episodes after their final vaccine

dose. Therefore, a time-dependent increase in predicted

neutralisation activity must be considered. Nonetheless,

our results indicate that frequent re-exposure to SARS-

CoV-2, whether through vaccination or infection, main-

tains high predicted neutralisation activities.

Unvaccinated participants showed the lowest Sum S1 lev-

els, and all reported at least one SARS-CoV-2 infection

episode. Despite showing considerably higher Sum S1 lev-

els, all participants with only one or two vaccine doses also

contracted SARS-CoV-2 infections, indicating that basic

immunisation does not provide a sufficiently strong long-

term vaccine-induced immune response to prevent infec-

tion. Previous studies described a waning in vaccine-in-

duced immunity over time, leading to a renewed increase

in infection rates [8, 14]. Our observations confirm these

findings. Clinical trials found infection rates decline after

introducing a third vaccination dose (first booster) [22, 24],

showing that administering further vaccine doses coun-

teracts waning. In our study, all participants who did not

contract SARS-CoV-2 infections received booster vaccine

doses. Furthermore, participants with hybrid immunity and

booster vaccine doses showed higher predicted neutralisa-

tion activities than those without booster doses. These ob-

servations indicate that maintaining vaccine-induced im-

munity with booster doses is crucial for maintaining a high

protective immunity level.

Our longitudinal follow-up measurements allowed us to

analyse waning immune responses more closely. We found

a greater decrease in Sum S1 levels after basic vaccine dos-

es than booster doses. One possible explanation is a longer

interval between the second vaccination and time point 2

(median = 10 months) than between the booster vaccine

dose and time point 4 (median = 6 months). Another ex-

planation is the increased hybrid immunity throughout this

study, which was associated with higher predicted neutral-

isation levels.

When comparing study groups in our follow-up analysis,

we observed a greater waning of immune responses in the

resident group than in the healthcare workers group. How-

ever, these results were not statistically significant, pos-

sibly due to the small sample size. Nevertheless, our re-

Table 2:

Univariable and multivariable analyses showing associations between participant characteristics and predicted SARS-CoV-2 neutralisation activity (Sum S1) in residents and

healthcare workers. Results are presented as the ratio of means of Sum S1.

Characteristic Univariable analysis Multivariable analysis

Ratio of means (95% confidence interval) p-value Adjusted ratio of means (95% confidence interval) p-value

Sex 0.33 0.72

Male 1 (reference) 1 (reference)

Female 0.72 (0.37–1.40) 0.91 (0.52–1.57)

Age group (years) 0.002 0.019

<70 1 (reference) 1 (reference)

≥70 0.33 (0.16–0.65) 0.49 (0.19–0.86)

Study group 0.003 0.037

Healthcare workers 1 (reference) 1 (reference)

Residents 0.36 (0.19–0.69) 0.69 (0.25–0.96)***

Vaccination status 0.002 0.012

Unvaccinated 1 (reference) 1 (reference)

No booster** 3.33 (1.25–8.83) 2.30 (0.89–5.92)

Booster* 4.82 (2.06–11.30) 3.63 (1.49–8.82)

SARS-CoV-2 infection 0.46 0.10

No 1 (reference) 1 (reference)

Yes 1.24 (0.70–2.21) 1.52 (0.92–2.50)

Comorbidities 0.64 0.80

No 1 (reference) 1 (reference)

Yes 0.89 (0.55–1.45) 1.05 (0.69–1.61)

Tobacco smoker 0.08 0.007

No 1 (reference) 1 (reference)

Yes 0.57 (0.31–1.06) 0.49 (0.29–0.81)

* Booster: three vaccine doses.

** No booster: one or two vaccine doses.

*** Due to the collinearity with the “age group” parameter, the “study group” parameter was omitted from the multivariable analysis. The multivariable values for the “study group”

parameter were calculated in a separate analysis without the “age group” parameter.

Original article Swiss Med Wkly. 2023;153:3502
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gression analysis showed a correlation between older age

and low Sum S1 levels. The resident group, most of whom

were aged >70 years, also had lower predicted neutrali-

sation activities. The immune system experiences an age-

dependent decline [25]. Therefore, older individuals show

weaker immune responses with faster decreases in anti-

body titers, leading to reduced vaccine-induced immuni-

ty [26]. Such a phenomenon was previously reported for

vaccines against other infectious diseases, such as influen-

za and varicella [27, 28]. Menni et al. found a more pro-

nounced waning of antibody titers among participants aged

>55 years than younger participants after all three SARS-

CoV-2 vaccine doses, leading to more severe infections

and hospitalisations [14].

Finally, we found an association between smoking and

lower predicted neutralisation levels. Recent studies have

found a negative association between smoking and SARS-

CoV-2 mRNA vaccine-induced antibody responses. Cur-

rent smokers show lower antibody titers after vaccine ad-

ministration and a faster decline in antibody levels over

time than non-smokers [29, 30]. Furthermore, a Japanese

study found that antibody responses declined with increas-

ing cigarette dependence [29].

Our study is limited by its small sample size, which al-

lowed for assessing the response to basic vaccine doses on-

ly among healthcare workers and prevented analysing the

impact of the number of SARS-CoV-2 infection episodes

and comorbidities on predicted neutralisation levels. How-

ever, we followed participants over a long period. We also

collected samples in a coordinated and standardised man-

ner, allowing for assessing the long-term immune response

to basic and booster vaccine doses. Moreover, we used a

wide range of reliable serological markers [20, 21].

Conclusion

We performed a long-term study following residents and

healthcare workers in a nursing home up to six months

after administering a third mRNA vaccine dose against

SARS-CoV-2. Our results showed that frequent exposure

to SARS-CoV-2 through vaccination and infection resulted

in hybrid immunity, providing the most robust immune re-

sponse. Follow-up measurements showed waning, even af-

ter the third vaccine dose, suggesting that repeated boost-

er doses are necessary to maintain optimal protection. We

recommend that future vaccine campaigns prioritise in-

dividuals with less frequent SARS-CoV-2 exposure and,

consequently, weaker immune responses for immunisa-

tion. Since our study only included a few participants with

more than one SARS-CoV-2 episode, we could not exam-

ine whether predicted neutralisation levels increase with

the number of previous infections. Therefore, it is unclear

whether the strength of hybrid immunity increases with

each infection episode. Similarly, whether susceptibility

to waning decreases with each additional vaccine dose

remains unclear. High-risk populations, such as nursing

home residents and older adults, remain particularly vul-

nerable because of their weakened immune responses.

Therefore, they benefit most from SARS-CoV-2 preven-

tive measures and continuous monitoring of their protec-

tive immunity.
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Appendix

Table S1:

Median Sum S1 and IgG S1 levels in the healthcare worker and resident groups at the four time points. Values for the first (March 2021) and second (November 2021) time

points in the resident group are in brackets since they were not used for analysis due to the small sample size.

Time point Sum S1: HCW Sum S1: Residents IgG S1: HCW IgG S1: Residents

March 2021 215 (354) 200 (325)

November 2021 15 (93% decrease) (173) 15 (92% decrease) (163)

February 2022 324 343 321 338

June 2022 239 (26% decrease) 77 (88% decrease) 231 (18% decrease) 73 (79% decrease)

HCW: healthcare workers; IgG: immunoglobulin G.

Figure S1: Timeline of events. The red boxes show the four time points at which blood samples were drawn, and the blue boxes show the time periods in which vaccines 

were administered. Also shown are the times at which positive SARS-CoV-2 tests were recorded according to the standardised questionnaire. 
HCW: healthcare workers; n: number of participants; *: positive SARS-CoV-2 test. HCW: n = 39; residents: n = 6.
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Figure S2: Boxplots showing ABCORA-derived anti-S1 IgG antibodies (A), anti-S1 IgA antibodies (B), anti-S1 IgM antibodies (C), and Sum

S1 reactivity signal over cutoff (SOC) values representing predicted neutralising activity (D) at time point 1 (March 2021; two months after the

second vaccine dose), 2 (November 2021; 10 months after the second vaccine dose), 3 (February 2022; two months after the third vaccine

dose), and 4 (June 2022; six months after the third vaccine dose) in the healthcare worker and resident groups. IgG: immunoglobulin G; IgA:

Immunoglobulin A; IgM: Immunoglobulin M; HCW: healthcare worker.
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