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Antibody response after first 
and second BNT162b2 vaccination 
to predict the need for subsequent 
injections in nursing home 
residents
Edouard Tuaillon1*, Amandine Pisoni1, Nicolas Veyrenche1, Sophia Rafasse2, 
Clémence  Niel1, Nathalie Gros2, Delphine Muriaux2, Marie‑Christine Picot3, Safa Aouinti3, 
Philippe Van de Perre1, Jean Bousquet4,5 & Hubert Blain6

We explored antibody response after first and second BNT162b2 vaccinations, to predict the need for 
subsequent injections in nursing home (NH) residents. 369 NH residents were tested for IgG against 
SARS-CoV-2 Receptor-Binding Domain (RBD-IgG) and nucleoprotein-IgG (SARS-CoV-2 IgG II Quant 
and SARS-CoV-2 IgG Alinity assays, Abbott Diagnostics). In NH residents with prior SARS-CoV-2 
infection, the first dose elicited high RBD-IgG levels (≥ 4160 AU/mL) in 99/129 cases (76.9%), with no 
additional antibody gain after the second dose in 74 cases (74.7%). However, a low RBD-IgG level 
(< 1050 AU/mL) was observed in 28 (21.7%) residents. The persistence of nucleoprotein-IgG and a 
longer interval between infection and the first dose were associated with a higher RBD-IgG response 
(p < 0.0001 and p = 0.0013, respectively). RBD-IgG below 50 AU/mL after the first dose predicted 
failure to reach the antibody concentration associated with a neutralizing effect after the second 
dose (≥ 1050 AU/mL). The BNT162b2 vaccine elicited a strong humoral response after the first dose 
in a majority of NH residents with prior SARS-CoV-2 infection. However, about one quarter of these 
residents require a second injection. Consideration should be given to immunological monitoring in 
NH residents to optimize the vaccine response in this vulnerable population.

Nursing home (NH) residents accounted for a large proportion of the excess deaths during the first and second 
waves of the SARS-CoV-2 epidemic in France1. Hence, NH residents were among those groups prioritized in the 
vaccination campaign launched in January 2021 by the French authorities. In March 2021, almost all of around 
one million NH residents had received a first vaccine dose, with three quarters having received two doses. This 
strategy led to a sharp drop in excess deaths in NHs. However, COVID-19 outbreaks continued to occur in NHs 
after mRNA vaccination2–4. Studies in NHs reported a vaccine efficacy against SARS-CoV-2 infection of around 
75% after two doses4.

A high degree of immunity is necessary to protect residents against severe COVID-19, and to keep the spread 
of infection at a low level, given that communal spaces are shared in NHs. However, heterogeneity in the immune 
response to vaccination is observed in the elderly5. SARS-CoV-2 infection history is the strongest predictor 
of anti-spike antibody response6. A second vaccine dose does not increase antibody levels in pre-immunized 
health care workers7. It remains unclear whether or not a second dose administered shortly after the first one is 
needed to maximize vaccine effectiveness in NH residents previously exposed to SARS-CoV-28. It is also unclear 
whether the second dose was sufficiently effective to allow a 6-month delay before administering the third dose to 
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SARS-CoV-2 naïve residents. The first dose of mRNA vaccine induces a strong RBD-IgG response in individuals 
with prior COVID-199,10. Given that older adults may have a limited vaccine response, NH residents in France 
received two vaccine doses regardless of any prior SARS-CoV-2 infection. However, most NH residents with 
evidence of previous infection showed a strong humoral response after a single BNT162b2 dose, suggesting that 
recommendations for immunocompetent individuals could also be applied to this population11. Conversely, a 
lack of or low antibody vaccine response was observed in NH residents without prior SARS-CoV-2 infection11,12.

Authorization for the use of the two mRNA vaccines encoding SARS-CoV-2-spike was based on the results of 
phase 3 clinical trials13,14. While these vaccines have proven high levels of efficacy in preventing severe forms of 
illness in the general population, it has yet to be evaluated whether immune responses elicited by SARS-CoV-2 
mRNA vaccines are homogenously robust in the elderly15,16.

It remains unclear if the humoral response after one BNT162b2 dose is predictive of the response subsequent 
to two doses in older adults, and how natural immunization and the interval since infection may modulate vac-
cine response. A better understanding of the consequences of SARS-CoV-2 infection history and of antibody 
response to the first vaccine dose is needed in order to adjust vaccine policies for this vulnerable population.

In this study, in a large cohort of NH residents, we assessed the value of RBD-IgG levels after the first 
BNT162b2 dose to predict: (i) the lack of additional benefits from a second dose as to the generation of antibod-
ies, (ii) a significant antibody response after the second dose, and (iii) a prior SARS-CoV-2 infection. We also 
assessed the impact on vaccine response of natural serological status against SARS-CoV-2 nucleocapsid, and of 
the interval since infection.

Methods
Design of the study.  All experiments were performed in accordance with relevant guidelines and regula-
tions. Our study is part of the CONsort-19 cohort10,17–19 a longitudinal follow-up of NH residents performed 
during the COVID-19 pandemic. In this study, we monitored IgG against Receptor-Binding Domain (RBD-
IgG) 3 weeks after the first BNT162b2 dose, and 6 weeks after the second dose, considered as a period in which 
the antibody decay rate response is stabilized20. Results in residents without prior COVID-19 vs. residents with 
prior COVID-19 were compared. Two periods were considered for COVID-19 recovery—the past 9–12 months 
(older infections), and the past 3–7 months (newer infections)—corresponding to the first and second waves 
of the epidemic in our region. RBD-IgG levels before vaccination and their relationship to vaccine response 
were analyzed in a subgroup of residents. We also assessed IgG levels against N-protein 6 weeks after a second 
BNT162b2 dose in residents infected in the previous 9–12 months vs. the previous 3–7 months, and we evalu-
ated the impact of N-IgG status on RBD-IgG vaccine response.

Setting and participants.  Invited to participate in the study were residents from nine NHs which had 
suffered COVID-19 outbreaks in 2020, and who were already included in the CONsort-19 cohort17–19. Residents 
were included after having signed an informed consent. Participants received the first dose of the BNT162b2 
vaccine between January and March 2021, and received the second dose 3 weeks later. Blood collections were 
performed 3 weeks after the first dose and 6 weeks after the second dose. In accordance with the regional Health 
Agency (Occitanie, South of France) and the European Geriatric Medicine Society guidance17, as soon as a case 
of COVID-19 was diagnosed in a NH, all residents and healthcare professionals were repeatedly tested using 
PCR on nasopharyngeal swabs until no new cases were diagnosed. Residents were grouped by date of PCR posi-
tivity (wave 1 and 2). Residents tested negative by PCR but positive for SARS-CoV-2 nucleocapsid IgG the day 
before the second dose were also considered as having a prior infection without ruling on the occurrence of the 
SARS-CoV-2 infection during the first or second wave. The study was approved by the Montpellier University 
Hospital institutional review board (IRB-MTP_2020_06_202000534 and IRB-MTP _2021_04_202000534).

Laboratory methods.  S-protein IgG against the SARS-CoV-2 Receptor-Binding Domain (RBD) of the S1 
subunit was quantified using the SARS-CoV-2 IgG II Quant assay, a chemiluminescent microparticle test using 
the Alinity i automatic analyzer (Abbott Diagnostics). The Abbott IgG II method provides results linearity over 
a wide concentration range with good agreement with external calibration materials21. Results were expressed as 
arbitrary units per mL (AU/mL; positive threshold: 50 AU/mL; upper limit: 40,000 AU/mL). RBD-IgG levels in 
AU/mL can be converted in Binding Antibody Units (BAU) following manufacturers’ recommendations (AU/
mL × 0.142). Serum dilutions were performed to quantify RBD-IgG when the results surpassed the higher limit 
of quantification of the assay. According to previous studies and manufacturer’s instructions, a first thresh-
old ≥ 1050 AU/mL was considered as a significant response22, and a second threshold ≥ 4160 AU/mL as a level 
indicating a high neutralizing effect23. We performed microneutralization assays to confirm these thresholds. 
A panel of 15 sera was tested against SARS-CoV-2 and a B.1.1.7 variant (Alpha VOC). RBD-IgG concentration 
was significantly correlated with neutralizing antibody titers (Spearman correlation coefficients of R2 = 0.89 for 
wild type strain and 0.90 for B.1.1.7 (p < 0.0001) (Supplemental Fig. 1). As regards RBD-IgG levels, neutralizing 
activities were (i) high when over 4160 AU/mL (neutralizing antibody titer of 640 log IC50 (IQR: 640–1960) for 
wild type SARS-CoV-2, 640 log IC50 (IQR: 640–1920) for B.1.1.7 strain), (ii) absent or moderate when between 
1050 and 4160 AU/mL, and (iii) absent when below 1050 AU/mL.

A rise in RBD-IgG concentration of 50% (1.5 fold) was considered as significant. Nucleoprotein-IgG was 
tested on specimens collected during the first sampling using the SARS-CoV-2 IgG assay (Abbott Diagnostics). 
Results were expressed as signal to cut-off ratio (S/CO). A nucleoprotein-IgG ratio of over 0.5 was retained as 
positive for a prior SARS-CoV-2 infection.
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Statistical analysis.  Qualitative variables were described with frequency and proportions for each cat-
egory. The description of quantitative variables was performed using mean with standard deviation or median 
with interquartile range, depending on the normality of the results. To describe the distribution of RBD-IgG 
response, RBD-IgG levels were grouped in the following categories: < 50 (negative), 50–149, 150–299, 300–599, 
600–1049, 1050–4159, 4160–19,999, 20,000–39,999, > 40,000  AU/mL. For categorical variables, comparisons 
of percentage were made with Chi-square test or Fisher’s exact test if Chi-square was not a valid test. Paired t 
tests were used for a comparison of changes in IgG-RBD levels for the same subject. Two multivariate logistic 
regressions were used to analyze the determinants of high RBD-IgG response (> 4160 AU/mL) after the first 
and second doses respectively, adjusted according to the resident’s characteristics (age, sex, first or second wave 
prior COVID-19 and N-IgG). The receiver operating characteristic curves (ROCs) were used to identify RBD-
IgG levels after the first vaccine dose, as predictive of: (i) a lack of additional beneficial effect on RBD-IgG level 
after the second dose; (ii) a poor or a robust humoral response after the second dose; and (iii) a previous SARS-
CoV-2 infection. Wilcoxon–Mann–Whitney 2-sided tests were used for quantitative variables. A paired t test or 
Signed-ranked Wilcoxon test was used for comparison of IgG-RBD levels in the same participant. Spearman’s 
non-parametric test was used to assess correlation between IgG-RBD levels after the first and second doses, and 
after SARS-CoV-2 infection and the first dose. The statistical significance threshold was set at 5%. Statistical 
analyses and graphs were performed using GraphPad Prism 9.1.1 (GraphPad Software, Inc., San Diego, CA).

Results
Demographic characteristics.  The characteristics of the 396 residents included in the study are presented 
in Table 1. One hundred and twenty-nine residents had a prior infection (32.6%). Among the PCR-positive 
residents, 51 had been infected during the first COVID-19 wave (March–June 2020) and 68 during the second 
wave (October–December 2020). Among the 129 residents with prior SARS-CoV-2 infection, 89 (69.0%) tested 
positive for both SARS-CoV-2 RNA and nucleoprotein-IgG, 30 (23.2%) tested positive for SARS-CoV-2 RNA 
only and 10 (7.8%) tested positive for nucleoprotein IgG only.

The RBD‑IgG level after the first dose predicted the level after the second dose.  In residents 
with prior SARS-CoV-2 infection, the first dose induced a high RBD-IgG level in most individuals (median; 
IQR: 24,617; 3909–43,692 AU/mL). RBD-IgG level was not significantly different after the second dose (23,341; 
8112–50,341 AU/mL) (Fig. 1A). Twenty-eight residents (21.7%) had levels of below 1050 AU/mL after the first 
dose. Six participants (4.6%) failed to produce RBD-IgG levels of over 1050 AU/mL after the second dose, and 
two (1.5%) remained seronegative for RBD-IgG (< 50 AU/mL). A high RBD-IgG level after the first dose pre-
dicted the lack of RBD-IgG gain after the second dose (Fig. 1A).

In residents without prior SARS-CoV-2 infection, the first vaccine dose generally elicited a low RBD-IgG 
response (median; IQR: 83; 20–302 AU/mL). The second dose increased RBD-IgG levels significantly, but the 
antibody vaccine response remained lower by comparison with residents with prior SARS-CoV-2 infection 
(2236; 842–4861 AU/mL, p < 0.0001). Antibody response remained low after the second dose for a quarter of 
the residents without prior SARS-CoV-2 infection. Ten (3.7%) residents tested negative for RBD-IgG, and 66 
(24.7%) had a low RBD-IgG response (50–1050 AU/mL) (Fig. 1A).

In NH residents with prior SARS-CoV-2 infection, a high RBD-IgG level after the first dose predicted a lack 
of additional gain following the second dose (Fig. 1B). In NH residents without prior SARS-CoV-2 infection, 
an absence of RBG-IgG after the first dose predicted the failure to reach a significant antibody concentration 
(≥ 1050 AU/mL) after the second dose (PPV: 53.5%, NPV: 89.2%, sensitivity: 77.6%, specificity: 73.3%) (Fig. 1C). 
Conversely, an RBG-IgG level of over 228 AU/mL after the first dose predicted the capacity to reach a high 
RBD-IgG concentration (≥ 4160 AU/mL) after the second dose (PPV: 58.7%, NPV: 87.0%, sensitivity: 62.7%, 
specificity: 82.8%) (Fig. 1D).

High RBD‑IgG levels elicited by the first and second doses identified prior SARS‑CoV‑2 infec‑
tion.  A lack of RBD-IgG or low RBD-IgG concentrations were mainly seen in residents without prior 
SARS-CoV-2 infection, whereas high RBD-IgG levels were seen in residents with prior SARS-CoV-2 infection 
(Fig. 2A). After the first vaccine dose, a high RBD-IgG level was highly related to a prior SARS-CoV-2 infection 
(> 4160 AU/mL, PPV: 98.0%, NPV: 89.8%, sensitivity: 76.7%, specificity: 99.2%) (Fig. 2B).

Table 1.   Characteristics of the participants. *89 tested positive for SARS-CoV-2 RNA. **COVID-19 proved by 
PCR.

Total NH 1 NH 2 NH 3 NH 4 NH 5 NH 6 NH 7 NH 8 NH 9

Number of participants 396 23 63 36 72 38 36 47 42 39

Age mean (SD), years 86.0 (10.2) 80.7 (12.8) 84.3 (11.0) 81.2 (14.6) 89.5 (8.5) 86.6 (10.7) 86 (8.1) 85.9 (8.5) 88.5 (7.4) 86.7 (8.2)

Female/male 276/120 18/5 44/19 23/13 54/18 29/9 26/10 31/16 27/15 24/15

Prior SARS-CoV-2 (%) 129 (32.6) 3 (13) 6 (9.5) 18 (50.0) 35 (48.6) 8 (21.0) 14 (38.9) 14 (29.8) 9 (21.4) 22 (56.4)

Nucleoprotein IgG+ (%) 99* (76.7) 2 (66.7) 4 (66.7) 13 (72.2) 27 (77.1) 5 (62.5) 8 (57.1) 13 (92.8) 7 (77.8) 20 (90.9)

Covid-19 waves 1/2** 51/68 1/2 5/0 17/0 0/33 7/0 0/14 12/0 9/0 0/19
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Figure 1.   RBD-IgG vaccine response after first and second doses. (A) Individual changes in RBD-IgG levels 
after first and second doses in NH residents with and without prior SARS-CoV-2 infection. RBD-IgG between 
first and second doses in NH residents with (red) and without (green) prior SARS-CoV-2 infection. (B) ROCs 
to evaluate RBD-IgG levels after the first dose, predictive of the lack of additional gain in RBD-IgG following the 
second dose in NH residents with prior SARS-CoV-2 infection; for a RBD-IgG level > 12,079 AU/mL: positive 
predictive value (PPV): 76.7%, negative predictive value (NPV): 54.5%, sensitivity: 92.5%; specificity: 66.7%. (C) 
ROC evaluating RBD-IgG levels after the first dose, predictive of the failure to reach a significant RBD-IgG level 
after the second dose (< 1050 AU/mL) in NH residents without prior SARS-CoV-2 infection; RBD-IgG < 50 AU/
mL: PPV: 53.5%; NPV: 89.2%; sensitivity: 77.6%; specificity: 73.3%. (D) ROC to evaluate the RBD-IgG level after 
the first dose, predictive of a high RBD-IgG level following the second dose (≥ 4160 AU/mL) in NH residents 
without prior SARS-CoV-2 infection; RBD-IgG > 228 AU/mL: PPV: 58.8%; NPV: 85.0%; sensitivity: 82.8%; 
specificity: 62.7%.
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After the second dose, a majority of residents had moderate/high levels of RBD-IgG (Fig. 2C). RBD-IgG 
values of over 15,000 AU/mL continued to be observed almost exclusively in residents with prior SARS-CoV-2 
infection (PPV: 99.3, NPV: 85.3, sensitivity: 65.1%, specificity: 97.8%) (Fig. 2D).

RBD‑IgG vaccine response impacted by both interval since infection and nucleoprotein‑IgG 
status.  Residents infected during the first wave of the epidemic had a higher RBD-IgG response than those 
infected during the second wave (Fig. 3A,B). Conversely, the S/CO value of nucleoprotein-IgG was lower in 
residents infected during the first wave, compared to those infected during the second wave (Fig. 3C). Using 
the positive threshold retained for the study (S/CO: 0.5), detection of nucleoprotein-IgG was associated with a 
high RBD-IgG level after the first vaccine dose (PPV: 90.9%, NPV: 96.3%, sensitivity: 90.9%, specificity: 70.0%) 
(Fig. 3D). A lower sensitivity was observed when the threshold recommended by the manufacturer was used (S/
CO: 1.4), (PPV: 92.5%, NPV: 51.0%, sensitivity: 75.5%, specificity 80.6%) (Fig. 3D). Among residents with prior 
SARS-CoV-2 infection, the increase in RBD-IgG levels between the first and second doses was obvious in resi-
dents who tested negative for nucleoprotein-IgG, but not significant in those who tested positive (Supplemental 
Fig. 2). Thus, the first vaccine dose generated the best antibody response in residents who had been infected 
during the first wave and who continued to maintain nucleoprotein-IgG at the time of that vaccination (Fig. 3E). 
Multivariate logistic regression analyses were done to identify the independent determinants of RBD-IgG levels 
over 4160  AU/mL. We observed an independent association between first wave SARS-CoV-2 infection, the 
presence of N-IgG for infections occurring during the second wave, and a good response to the first and second 
vaccine doses (Table 2).
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Figure 2.   RBD-IgG levels among participants with or without prior SARS-CoV-2 infection. (A) Distribution 
of RBD-IgG levels in the entire population of participants 3 weeks after the first dose. (B) ROC evaluating the 
performance of RBD-IgG levels after the first dose, as a marker of prior SARS-CoV-2 infection; RBD-IgG > 4160 
AU/mL: PPV: 98.0%; NPV: 89.8%; sensitivity: 76.7%; specificity 99.3%. (D) Distribution of RBD-IgG levels in 
the entire population of participants 6 weeks after the first dose. (C) ROC evaluating the performance of RBD-
IgG levels after the second dose, as a marker of prior SARS-CoV-2 infection; RBD-IgG > 15,000 AU/mL: PPV: 
93.3%; NPV: 85.3%; sensitivity: 65.1%; specificity: 97.8%.
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RBD‑IgG level after natural immunization and its relationship to vaccine response.  RBD-
IgG levels were quantified in convalescent sera collected in NH residents who had been infected during the 
first COVID-19 wave. RBD-IgG levels were moderate in NH residents tested 4–8 weeks after recovery, median 
(IQR): 2099 AU/mL (948–4018), and low in residents tested 6–7 months after recovery: 432 AU/mL (189–1193) 
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(Fig. 4A). A median decay of 4.5 fold was observed in IgG-RBD levels of NH residents tested at the two time 
points. Among NH residents for whom pre-vaccine antibody results were available, we found that the humoral 
vaccine response was associated with RBD-IgG level induced by natural immunization (Fig. 4B). A weak cor-
relation was observed between RBD-IgG levels after natural immunization and the first vaccine dose (R2 = 0.24, 
p = 0.03), (Supplemental Fig. 3A). A better correlation was observed between RBD-IgG levels 6–7 months after 
recovery and after the first vaccine dose (R2 = 0.68, p = 0.002), (Supplemental Fig. 3B). The follow-up of RBD-IgG 
levels in 17 NH residents tested after natural immunization and vaccination is presented in Fig. 4C.

Discussion
Our study provides novel information on BNT162b2 vaccine response in older adults. Pre-vaccine SARS-CoV-2 
infection, the interval passed since infection, and the persistence of a natural humoral immunity all influenced 
the antibody vaccine response. Assays that quantify anti-spike antibodies can be used on a large scale and involve 
a relatively low cost. Spike antibodies testing using automated assays constitutes a pragmatic approach to the 
assessment of vaccine response, and would constitute an advance towards a more tailored vaccine prophylaxis 
for NH residents.

It has been previously reported that RBD-IgG levels after a single vaccine dose in persons under 65 with a 
documented history of SARS-CoV-2 infection were at least as good as those obtained after two doses in persons 
without prior infection24–26. Our study, conducted in NH residents in whom the humoral response was care-
fully assessed after one and two BNT162b2 vaccine doses, shows similar results overall. This suggests that the 
first vaccine dose elicits a sharp recall response, such as that in immunocompetent younger adults. In those NH 
residents, most often high responders after the first dose, the second dose did not significantly increase RBD-
IgG, suggesting that older adults with prior COVID-19 infection may not systematically need a second vaccine 
dose. Delayed administration of the 2nd dose may be preferable for recently infected NH residents, as previously 
suggested27. In the absence of a recommendation to assess immunity following vaccination, the provision of at 
least two vaccine doses remains nonetheless justifiable, given that the second dose is safe and well tolerated.

Older frail individuals respond weakly to vaccination due to immunosenescence, affecting their capac-
ity to produce antibodies after suffering influenza or receiving the first dose of SARS-CoV-2 vaccine25,28. 
The elderly show a clearly reduced response to the COVID-19 vaccine29. In residents who had not suffered 
SARS-CoV-2 infection, we previously observed a poor humoral response or a lack of RBD-IgG subsequent 
to the first BNT162b2 dose11. After two doses, the RBD-IgG response remained lower overall than in younger 
participants23,25. It has been reported that in health care workers and adults, two doses of the BNT162b2 vaccine 
induce a response comparable to that observed after one dose in persons with prior SARS-CoV-2 infection9,30–32. 
Furthermore, a third dose of BNT162b2 substantially reduced the rate of severe illness in people over 60 years 
who were exposed to the SARS-CoV-2 Delta variant33. No threshold is currently recognized for protection against 
Covid-19. However, several studies have reported data associating anti-Spike antibody levels with protection 
against infection. Based on data from phase 2/3 studies, a threshold of RBD-IgG at 1880 AU/mL (264 BAU/
mL) has been proposed for protection against symptomatic and asymptomatic SARS-CoV-2 Alpha variant 
infections34. This threshold was initially retained in France for persons identified as eligible for prophylaxis by 
monoclonal antibodies. Field data on health care workers29 and NH residents23 during the SARS-CoV-2 Alpha 
variant outbreak confirmed that such levels of RBD-IgG (1050 AU/mL and 993 AU/mL, respectively) correlate 
with COVID-19 protection.

Table 2.   Univariate and multivariate binomial logistic regression analyses, describing the associations between 
NH resident characteristics and RBD-IgG response after 1st and 2nd vaccine dose. Significant values are in 
bold. COR crude OR. AOR adjusted OR.

Univariate Multivariate

COR [95% IC] p-value AOR [95% IC] p-value

High RBD-IgG after 1st dose (> 4160 AU/mL)

Age 1.02 [1–1.05] 0.099 – – –

Sex (female vs male) 1.26 [0.76–2.09] 0.366 – – –

< 0.0001 < 0.0001

SARS-CoV-2 infection 9–12 months before vaccination 211.36 [73.0–612.1] < 0.0001 91.11 [22.3–372.1] < 0.0001

SARS-CoV-2 infection 3–7 months before vaccination 86.72 [36.0–209.14] < 0.0001 11.36 [3.29–39.2] < 0.0001

N-IgG (S/CO > 0.5) 260 [104.4–647.4] < 0.0001 102.6 [31.6–333.5] < 0.0001

High RBD-IgG after 2nd dose (> 4160 AU/mL)

Age 1.00 [0.98; 1.02] 0.958 – – –

Sex (female vs male) 1.22 [0.79; 1.88] 0.363 – – –

< 0.0001 0.0024

SARS-CoV-2 infection 9–12 months before vaccination 22.26 [8.54; 58.1] < 0.0001 6.05 [2.07–17.7] 0.0010

SARS-CoV-2 infection 3–7 months before vaccination 10.24 [5.3–19.8] < 0.0001 2.17 [0.91–5.18] 0.0823

N-IgG (S/CO > 0.5) 36.21 [15.3–85.7] < 0.0001 16.39 [5.97–45.0] < 0.0001
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Vaccine response is influenced by various host factors, which also result in a heterogeneous vaccine response 
such as age, immunosuppression and prior infection7,35. However, prevention strategies could nonetheless be 
improved by the identification of poor vaccine responders among residents at risk of severe forms of illness. 
As for immunocompromised individuals, those residents would need additional vaccine doses. The risk of not 
producing a high vaccine response after a single dose was significantly higher in residents with prior SARS-
CoV-2 infection who tested negative for nucleocapsid-IgG. Absent or low RBD-IgG responses are more fre-
quent in asymptomatic and mild forms of SARS-CoV-2 infection36. In addition, the clearance of circulating 
antibodies against SARS-CoV-2 depends on the level reached after recovery37. We previously observed that 5% 
of confirmed COVID-19 cases tested negative for nucleoprotein-IgG 6–8 weeks after recovery17,18. In this study, 
almost a quarter of the NH residents tested negative for nucleoprotein-IgG 3–12 months after recovery. Testing 
nucleoprotein-IgG could be a useful means of predicting RBD-IgG response after the first vaccine dose, and 
for estimating the possible additional benefit of a second dose after natural immunization. Our results show 
that a modified threshold for nucleoprotein-IgG, of 0.5 S/CO instead of the 1.4 S/CO threshold proposed by 
the manufacturer, had a stronger predictive value for a high humoral response to the first dose. Our results also 
found that the second factor associated with a higher RBD-IgG response was a longer delay between infection 
and vaccination, confirming previous results38,39. Strong anamnestic responses require an interval of at least 
4 months between primary and secondary immune responses40. Prime and boost vaccination generate different 
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Figure 4.   RBD-IgG levels after SARS-CoV-2 infection and relationship to vaccine response. (A) RBD-IgG level 
in response to natural immunization, 4–8 weeks (26 NH residents) and 7–8 months (n = 71 NH residents) after 
SARS-CoV-2 infection. (B) Individual changes in RBD-IgG levels after the first dose, in NH residents tested 
7–8 months after SARS-CoV-2 infection. (C) Follow-up of RBD-IgG levels in NH residents tested after natural 
immunization and vaccination; black line indicates the mean RBD-IgG level.



9

Vol.:(0123456789)

Scientific Reports |        (2022) 12:13749  | https://doi.org/10.1038/s41598-022-18041-x

www.nature.com/scientificreports/

plasma cells. Vaccine schedules aimed to induce long-lived plasma cells maintaining RBD-IgG levels at later time 
point. During the primary vaccination, short-lived plasma cells are generated with a rapid waning of antibodies, 
whereas the booster vaccination generates plasma cells providing long-lived immunity41. Spike antibodies are 
relatively easy to assess. The results of that assessment can be expressed in binding antibody unit/mL (BAU/mL), 
making comparisons of antibody levels easier. Despite such standardization, a definitive protective antibody 
level has yet to be determined. Hence, antibody testing is not currently recommended as a means of assessing 
immunity to SARS-CoV-2 following COVID-19 vaccination42.

This study has several strengths. Our study is based on a large number of participants, probably representative 
of the population of NH residents in France. Nursing homes followed guidance published by our Health Agency 
(in line with EuGMS guidance17,43), which explains that most NH residents with prior SARS-CoV-2 infection 
had PCR confirmation. Although NH residents have more comorbidities than most people of the same age, our 
results may also apply to frail older individuals living in the community. The main limitations of our study are 
the lack of a clinical outcome and the use of a unique mRNA vaccine (BNT162b2). Baseline antibodies prior to 
vaccination were only available for a small proportion of residents. Also, RBD-IgG levels were quantitated using 
an immunoassay, with concentration expressed in arbitrary units. We did not enumerate memory B cells and T 
cells that are critical for recall response against infection. In participants under 60 years of age who had recovered 
from SARS-CoV-2, the administration of a second vaccine dose close in time to the first showed no effect on 
the generation of memory B cells44. Neutralizing antibodies are considered a better marker of protection against 
severe form COVID-19, but such assays are not widely available in clinical practice. If neutralizing antibody levels 
appear to be a predictive marker of immune protection from severe COVID-1937, it remains to be demonstrated 
that RBD-IgG concentration is predictive of the level of protection against COVID-19.

Our study provides insight into the vaccination strategy involving the BNT162b2 vaccine. The need for a 
second dose 3 weeks after the first, in order to improve RBD-IgG response, is inconstant among NH residents 
with prior SARS-CoV-2 infection. NH residents who tested negative for RBD-IgG after the first vaccine dose are 
at high risk of producing a poor antibody response after two vaccine doses. For these participants, it remains to 
be determined whether a third dose may induce a significant RBD-IgG level. On the whole, these results sug-
gest that consideration should be given to immunological monitoring in NH residents to optimize the vaccine 
response in this vulnerable population.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.

Received: 9 December 2021; Accepted: 4 August 2022

References
	 1.	 Canouï-Poitrine, F. et al. Magnitude, change over time, demographic characteristics and geographic distribution of excess deaths 

among nursing home residents during the first wave of COVID-19 in France: A nationwide cohort study. Age Ageing 50, 1473–1481 
(2021).

	 2.	 Bailly, B. et al. BNT162b2 messenger RNA vaccination did not prevent an outbreak of severe acute respiratory syndrome corona-
virus 2 variant 501Y.V2 in an elderly nursing home but reduced transmission and disease severity. Clin. Infect. Dis. 74, 517–520. 
https://​doi.​org/​10.​1093/​cid/​ciab4​46 (2022).

	 3.	 Blain, H. et al. Receptor binding domain-IgG levels correlate with protection in residents facing SARS-CoV-2 B.1.1.7 outbreaks. 
Allergy 77, 1885–1894. https://​doi.​org/​10.​1111/​all.​15142 (2022).

	 4.	 Nanduri, S. et al. Effectiveness of Pfizer-BioNTech and Moderna vaccines in preventing SARS-CoV-2 infection among nursing 
home residents before and during widespread circulation of the SARS-CoV-2 B.1.617.2 (Delta) variant—National Healthcare 
Safety Network, March 1–August 1, 2021. MMWR Morb. Mortal. Wkly. Rep. 70, 1163–1166 (2021).

	 5.	 Collier, D. A. et al. Age-related immune response heterogeneity to SARS-CoV-2 vaccine BNT162b2. Nature 596, 417–422 (2021).
	 6.	 Dyer, A. H. et al. Previous SARS-CoV-2 infection, age, and frailty are associated with 6-month vaccine-induced anti-spike antibody 

titer in nursing home residents. J. Am. Med. Dir. Assoc. 23, 434–439 (2022).
	 7.	 Moncunill, G. et al. Determinants of early antibody responses to COVID-19 mRNA vaccines in a cohort of exposed and naïve 

healthcare workers. EBioMedicine 75, 103805 (2022).
	 8.	 Canaday, D. H. et al. Significant reduction in vaccine-induced antibody levels and neutralization activity among healthcare workers 

and nursing home residents 6 months following coronavirus disease 2019 BNT162b2 mRNA vaccination. Clin. Infect. Dis. https://​
doi.​org/​10.​1093/​cid/​ciab9​63 (2021).

	 9.	 Ebinger, J. E. et al. Antibody responses to the BNT162b2 mRNA vaccine in individuals previously infected with SARS-CoV-2. Nat. 
Med. 27, 981–984 (2021).

	10.	 Saadat, S. et al. Binding and neutralization antibody titers after a single vaccine dose in health care workers previously infected 
with SARS-CoV-2. JAMA 325, 1467 (2021).

	11.	 Blain, H. et al. Spike antibody levels of nursing home residents with or without prior COVID-19 3 weeks after a single BNT162b2 
vaccine dose. JAMA 325, 1898 (2021).

	12.	 Tober-Lau, P. et al. Outbreak of SARS-CoV-2 B.1.1.7 lineage after vaccination in long-term care facility, Germany, February–March 
2021. Emerg. Infect. Dis. 27, 2169–2173 (2021).

	13.	 Polack, F. P. et al. Safety and efficacy of the BNT162b2 mRNA Covid-19 vaccine. N. Engl. J. Med. 383, 2603–2615 (2020).
	14.	 Walsh, E. E. et al. Safety and immunogenicity of two RNA-based Covid-19 vaccine candidates. N. Engl. J. Med. 383, 2439–2450 

(2020).
	15.	 Williamson, E. J. et al. Factors associated with COVID-19-related death using OpenSAFELY. Nature 584, 430–436 (2020).
	16.	 Ciabattini, A. et al. Vaccination in the elderly: The challenge of immune changes with aging. Semin. Immunol. 40, 83–94 (2018).
	17.	 Blain, H. et al. Efficacy of a test-retest strategy in residents and health care personnel of a nursing home facing a COVID-19 out-

break. J. Am. Med. Dir. Assoc. 21, 933–936 (2020).
	18.	 Blain, H. et al. Atypical symptoms, SARS-CoV-2 test results and immunisation rates in 456 residents from eight nursing homes 

facing a COVID-19 outbreak. Age Ageing 50, 641–648 (2021).

https://doi.org/10.1093/cid/ciab446
https://doi.org/10.1111/all.15142
https://doi.org/10.1093/cid/ciab963
https://doi.org/10.1093/cid/ciab963


10

Vol:.(1234567890)

Scientific Reports |        (2022) 12:13749  | https://doi.org/10.1038/s41598-022-18041-x

www.nature.com/scientificreports/

	19.	 Blain, H. et al. Atypical clinical presentation of COVID-19 infection in residents of a long-term care facility. Eur. Geriatr. Med. 11, 
1085–1088 (2020).

	20.	 Doria-Rose, N. et al. Antibody persistence through 6 months after the second dose of mRNA-1273 vaccine for Covid-19. N. Engl. 
J. Med. 384, 2259–2261 (2021).

	21.	 English, E. et al. Performance of the Abbott SARS-CoV-2 IgG II quantitative antibody assay including the new variants of concern, 
VOC 202012/V1 (United Kingdom) and VOC 202012/V2 (South Africa), and first steps towards global harmonization of COVID-
19 antibody methods. J. Clin. Microbiol. 59, e0028821 (2021).

	22.	 Van Praet, J. T., Vandecasteele, S., De Roo, A., De Vriese, A. S. & Reynders, M. Humoral and cellular immunogenicity of the 
BNT162b2 messenger RNA coronavirus disease 2019 vaccine in nursing home residents. Clin. Infect. Dis. 73, 2145–2147. https://​
doi.​org/​10.​1093/​cid/​ciab3​00 (2021).

	23.	 Khoury, D. S. et al. Neutralizing antibody levels are highly predictive of immune protection from symptomatic SARS-CoV-2 
infection. Nat. Med. 27, 1205–1211 (2021).

	24.	 Eyre, D. W. et al. Quantitative SARS-CoV-2 anti-spike responses to Pfizer–BioNTech and Oxford–AstraZeneca vaccines by previ-
ous infection status. Clin. Microbiol. Infect. 27, 1516.e7-1516.e14 (2021).

	25.	 Gharpure, R., Patel, A. & Link-Gelles, R. First-dose COVID-19 vaccination coverage among skilled nursing facility residents and 
staff. JAMA 325, 1670 (2021).

	26.	 Mazzoni, A. et al. First-dose mRNA vaccination is sufficient to reactivate immunological memory to SARS-CoV-2 in subjects who 
have recovered from COVID-19. J. Clin. Investig. 131, e149150 (2021).

	27.	 Appelman, B. et al. Time since SARS-CoV-2 infection and humoral immune response following BNT162b2 mRNA vaccination. 
EBioMedicine 72, 103589 (2021).

	28.	 Gardner, E. M. et al. Characterization of antibody responses to annual influenza vaccination over four years in a healthy elderly 
population. Vaccine 19, 4610–4617 (2001).

	29.	 Tut, G. et al. Profile of humoral and cellular immune responses to single doses of BNT162b2 or ChAdOx1 nCoV-19 vaccines in 
residents and staff within residential care homes (VIVALDI): An observational study. Lancet Healthy Longev. 2, e544–e553 (2021).

	30.	 Self, W. H. et al. Comparative effectiveness of Moderna, Pfizer-BioNTech, and Janssen (Johnson & Johnson) vaccines in prevent-
ing COVID-19 hospitalizations among adults without immunocompromising conditions—United States, March–August 2021. 
MMWR Morb. Mortal. Wkly. Rep. 70, 1337–1343 (2021).

	31.	 Soeorg, H. et al. Seroprevalence and levels of IgG antibodies after COVID-19 infection or vaccination. Infect. Dis. https://​doi.​org/​
10.​1080/​23744​235.​2021.​19745​40 (2021).

	32.	 Xia, W. et al. Longitudinal analysis of antibody decay in convalescent COVID-19 patients. Sci. Rep. 11, 16796 (2021).
	33.	 Bar-On, Y. M. et al. Protection of BNT162b2 vaccine booster against Covid-19 in Israel. N. Engl. J. Med. 385, 1393–1400 (2021).
	34.	 Feng, S. et al. Correlates of protection against symptomatic and asymptomatic SARS-CoV-2 infection. Nat. Med. https://​doi.​org/​

10.​1038/​s41591-​021-​01540-1 (2021).
	35.	 Falahi, S. & Kenarkoohi, A. Host factors and vaccine efficacy: Implications for COVID-19 vaccines. J. Med. Virol. 94, 1330–1335 

(2022).
	36.	 Long, Q.-X. et al. Clinical and immunological assessment of asymptomatic SARS-CoV-2 infections. Nat. Med. 26, 1200–1204 

(2020).
	37.	 Cromer, D. et al. Prospects for durable immune control of SARS-CoV-2 and prevention of reinfection. Nat. Rev. Immunol. 21, 

395–404 (2021).
	38.	 Stellini, R. et al. Prior SARS-CoV-2 infection increases reactogenicity after SARS-COV-2 mRNA vaccine and could delay the 

administration of the vaccine based on timing of infection. Infection https://​doi.​org/​10.​1007/​s15010-​021-​01729-z (2021).
	39.	 Chong, Y. et al. Contrasting specific antibody response to BNT162b2 mRNA vaccination in SARS-CoV-2-naive and previously 

infected nursing home residents. J. Infect. 84, 418–467 (2022).
	40.	 Siegrist, C.-A. & Aspinall, R. B-cell responses to vaccination at the extremes of age. Nat. Rev. Immunol. 9, 185–194 (2009).
	41.	 Dan, J. M. et al. Immunological memory to SARS-CoV-2 assessed for up to 8 months after infection. Science 371, eabf4063 (2021).
	42.	 National Center for Immunization and Respiratory Diseases (NCIRD), Division of Viral Diseases. Interim Guidelines for COVID-

19 Antibody Testing Interim Guidelines for COVID-19 Antibody Testing in Clinical and Public Health Settings (2022).
	43.	 Blain, H. et al. August 2020 Interim EuGMS guidance to prepare European long-term care facilities for COVID-19. Eur. Geriatr. 

Med. 11, 899–913 (2020).
	44.	 Goel, R. R. et al. Distinct antibody and memory B cell responses in SARS-CoV-2 naïve and recovered individuals after mRNA 

vaccination. Sci. Immunol. 6, eabi6950 (2021).

Acknowledgements
The author would like to thank Grace Delobel for English language editing and review services. This work was 
funded by the Montpellier University Hospital, Muse I‐SITE Program Grant, University of Montpellier.

Author contributions
A.P. has performed experiments, statistical analysis. A.P., C.N. and S.R., N.G., D.M., A.S. have performed experi-
ments. A.P. has helped to use GraphPad Prism 9.1.1.0. M.C.P. has helped for statistical analysis. M.C.P.M., J.B., 
H.B. and P.V.P. have discussed the results and critically reviewed the manuscript. E.T. has conceived the study, 
discussed the results and wrote the manuscript. All authors contributed to the article and approved the submit-
ted version.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​022-​18041-x.

Correspondence and requests for materials should be addressed to E.T.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1093/cid/ciab300
https://doi.org/10.1093/cid/ciab300
https://doi.org/10.1080/23744235.2021.1974540
https://doi.org/10.1080/23744235.2021.1974540
https://doi.org/10.1038/s41591-021-01540-1
https://doi.org/10.1038/s41591-021-01540-1
https://doi.org/10.1007/s15010-021-01729-z
https://doi.org/10.1038/s41598-022-18041-x
https://doi.org/10.1038/s41598-022-18041-x
www.nature.com/reprints


11

Vol.:(0123456789)

Scientific Reports |        (2022) 12:13749  | https://doi.org/10.1038/s41598-022-18041-x

www.nature.com/scientificreports/

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

http://creativecommons.org/licenses/by/4.0/

	Antibody response after first and second BNT162b2 vaccination to predict the need for subsequent injections in nursing home residents
	Methods
	Design of the study. 
	Setting and participants. 
	Laboratory methods. 
	Statistical analysis. 

	Results
	Demographic characteristics. 
	The RBD-IgG level after the first dose predicted the level after the second dose. 
	High RBD-IgG levels elicited by the first and second doses identified prior SARS-CoV-2 infection. 
	RBD-IgG vaccine response impacted by both interval since infection and nucleoprotein-IgG status. 
	RBD-IgG level after natural immunization and its relationship to vaccine response. 

	Discussion
	References
	Acknowledgements


