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Abstract
INTRODUCTION: Elderly residents of nursing homes (NHs) and 
long-term care units (LTCUs) have been shown to have a high risk 
of mortality and morbidity in cases of SARS-CoV-2 infection. The 
objective of this study was to examine the kinetics of neutralizing 
antibodies (NAbs) directed against the SARS-CoV-2 virus in residents 
of the NH and LTCU units of our University Hospital who were 
identified with positive serology after the first epidemic outbreak.
MATERIALS AND METHODS: The participants included were 
sampled every three months for qualitative serological testing, as 
well as quantitative testing by neutralization tests using retroviral 
particles containing the S glycoprotein of SARS-CoV-2. Vaccination 
using the Comirnaty (Pfizer BNT162b2) vaccine begun before the last 
serological follow-up.
RESULTS: The median NAb titer in June 2020 was 80 [40; 60] versus 
40 [40; 160] three months later, showing a statistically significant 
decline (p < 0.007), but remained stable between the three- and six-
month timepoints (p = 0.867).  By nine months after vaccination, 
we observed a significant difference between vaccinated residents 
known to have positive serology before vaccination (SERO+, Vacc+) 
and those vaccinated without having previously shown COVID-19 
seroconversion (SERO-, Vacc+), the latter group showing similar titers 
to the SERO+, Vacc- participants (p=0.166). The median antibody titer 
in SERO+, Vacc+ patients increased 15-fold following vaccination.
DISCUSSION: Humoral immunity against SARS-CoV-2 appears 
to be persistent in elderly institutionalized patients, with a good 
post-vaccination response by residents who had already shown 
seroconversion but a notably diminished response by those who were 
seronegative before vaccination. To evaluate immunity in its entirety 
and elaborate a sound vaccination strategy, the cellular immune 
response via T cells specific to SARS-CoV-2 merits analysis, as this 
response is susceptible to being affected by immunosenescence. 

Key  words:  SARS-CoV-2 ,  COVID-19 ,  nurs ing  homes , 
immunosenescence, serological assay.

Introduction

Beginning December 2019, an emerging viral 
disease tied to the newly discovered SARS-CoV-2 
coronavirus was identified and has henceforth 

caused a global pandemic, with important health-related, 
economic, demographic, and social consequences (1, 2). The 

aforementioned viral infection (COVID-19), characterized 
by respiratory tropism via binding of the Spike protein of 
SARS-CoV-2 by the ACE2 receptor and high transmissibility, 
is currently responsible for more than four million deaths 
worldwide, with mortality increasing with age (2, 3). The 
elderly and the frail have been the most affected by the severity 
and lethality of this disease (4). The residents of nursing homes 
(NHs) and long-term care units (LTCUs) have a high risk of 
mortality in case of an infectious cluster in their respective 
institutions because of their medical profile (5). Furthermore, 
diverse clinical presentations of the disease have been observed 
in the elderly, making the diagnosis difficult and potentially 
causing delays in medical treatment and precautionary isolation 
in the abovementioned establishments.  

Given the magnitude and length of this pandemic, many 
clinical trials and observational studies have enabled better 
management of the disease, notably through its prevention 
by means of efficient vaccination using vaccines obtained 
by new technologies involving mRNA (6). The persistence 
and long-term efficiency of immunity acquired by infection 
or vaccination are not yet fully understood. It appears that 
the perspective of herd immunity, capable of limiting the 
epidemic in the face of newly emerging variants, is dependent 
on the persistence of protective or neutralizing antibodies 
NAbs in people infected by, or vaccinated against, SARS-
CoV-2 (7, 8). Multiple studies have proven the effectiveness of 
these new vaccines in preventing reinfection by SARS-CoV-2 
when administered in two doses and, moreover, that a single 
dose should suffice for patients who have been infected and 
cured (9-11). Nevertheless, there is currently little data on the 
intensity and efficiency of the immune response to COVID-19 
infection or vaccination in elderly, frail patients. The steady 
increase in life expectancy over the last century is, without a 
doubt, the expression of longer and healthier lives. It should, 
however, prompt an analysis through the lens of physiological 
ageing and, more explicitly, immune ageing. The dysregulation 
of the immune system with ageing, immunosenescence, is 
a process that contributes to the increase in the incidence 
of infectious disease and a diminished vaccine response, 
while also playing a role in the development of auto-immune 
diseases, neoplasia, and neurodegenerative diseases (12-15).
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The NHs and LTCUs of our University Hospital have faced 
an exceptional number of suspected or confirmed cases during 
this period. This was confirmed by a screening campaign that 
took place in June 2020 and which found 147 of 221 residents 
(66.5%) with positive serological markers for prior SARS-
CoV-2 infection. The purpose of the SERO-CoV-OLD study 
was to determine the presence and quantitative evolution of 
neutralizing COVID-19 antibodies (NAbs) among residents 
living in the NHs and LTCUs of our University Hospital. 

Materials and methods

Study design

This was a descriptive prospective cohort study classified 
as Category 2 according to French law on human research. In 
June 2020, our University Hospital organized a COVID-19 
screening campaign in the heart of its LTCUs (n = 5) and NHs 
(n = 5) aiming to evaluate the impact of the first epidemic 
outbreak in these facilities. This campaign was based on the 
use of RT-PCR tests (Abbott Alinity SARS-Cov-2 IgG assays) 
and ELISA (Wantai SARS-CoV-2 Ab ELISA). The screening 
took place on June 15 to 16, 2020, enrolling 221 patients.  
Faced with a high seropositivity rate (66.5%), we decided to 
follow-up the patients by repeated serological determinations 
every three months for a period of nine months, while also 
using the samples to quantify NAb levels. The inclusion criteria 
consisted of residing in one of the hospital NHs or LTCUs 
and having participated in the June 2020 screening campaign. 
The SERO-CoV-OLD study protocol was approved by the 
ethics board of our University Hospital (PI2020-843_0079) 
(ID ClinicalTrials.gov: NCT04563650) on July 15, 2020. Of 
note, during the development and validation of the protocol, 
vaccination against COVID-19 was not yet available, and thus, 
it was not considered. The study volunteers were vaccinated 
between the beginning of January and the middle of February 
2021 with the Comirnaty vaccine (Pfizer BNT162b2), the 
second dose administered 21 days later.

Clinical information

The participants’ clinical and epidemiological data were 
extracted from the electronic medical record, with special 
attention paid to a prior medical history concerning 
cardiovascular, respiratory, oncological, and autoimmune 
disease, shown to be linked to an increased risk of morbidity 
and mortality in the context of SARS-CoV-2 infection. The 
nutritional, cognitive, and autonomy profiles were also assessed 
using the Rockwood scale (16). We also screened the medical 
records for symptoms suggestive of COVID-19 infection, as 
well as those of contacts of confirmed patients or RT-PCR tests 
given during the first outbreak.

Serological tests and sampling schedule

Patients included in the protocol and concomitantly shown 
to have positive serology in June 2020 were chosen to be 

tested using qualitative serological tests to detect antibodies 
against the SARS-CoV-2 nucleocapsid (Abbott Alinity SARS-
Cov-2 IgG assay) and Spike proteins (Wantai SARS-CoV-2 
Ab ELISA) every three months, according to the following 
scheme: in June 2020 (M0), and three (M3), six (M6) and nine 
months later (M9). Only the serologically positive participants 
participated in the M3 and M6 samplings. All patients 
included in the protocol who received two Comirnaty (Pfizer 
BNT162b2) vaccine doses were also serologically screened to 
determine the impact of vaccination on the immune response.  

Neutralization tests

Serum neutralization assays, using a non-infectious pseudo 
virus, were carried out to determine the presence of NAbs and 
their titer. Pseudotyped retroviral particles containing SARS-
CoV-2 virus S glycoprotein (SARS-CoV-2pp) were produced, 
as described before (17, 18), by transfection with a plasmid 
encoding the S glycoprotein of SARS-CoV-2 and a reporter 
plasmid encoding the luciferase enzyme. The pseudotyped 
particles were collected 48, 72, and 96 h after filtration through 
a 0.45-µm pore filter. The plasma obtained for the serological 
tests was diluted  by two-fold serial dilutions and then 
incubated with the SARS-CoV-2pp for 1 h before being put in 
contact with 293T( ATCC® CRL-3216TM) cells that had been 
transitorily transfected 24 h before with a plasmid encoding 
the human ACE2 receptor protein (pcDNA3.1-hACE2). The 
luciferase activity was measured after 72 h of incubation. 
The NAb titer was defined as the plasma dilution that inhibits 
50% of the luciferase activity. The tests were independently 
performed twice. The specificity of the neutralization was tested 
beforehand on plasma infected by other coronaviruses and 
pseudotyped retroviral particles of the vesicular stomatitis virus 
(VSV). Every sample was tested twice, in the same series and in 
two different series, to determine a mean titer value.

Data collection and statistical analysis 

For the description of the clinical and biological 
characteristics of the participants, quantitative variables 
are described as means ± standard deviations or medians 
(interquartile ranges) and were compared using Student t, 
Mann-Whitney, or Kruskal-Wallis tests. The qualitative 
variables are described by their number and frequency and were 
compared between the two groups using the χ² or Fischer’s 
exact test. 

Results 

Clinical characteristics of included residents

During the inclusion period, 97 residents living in the 10 
units were included, representing 44% of the 221 residents who 
participated in the June screening campaign. Their clinical and 
epidemiological characteristics are presented in Table 1. The 
division between the host facilities was as follows: 58 (60%) 
hosted in LTCUs and 39 in NHs. The mean age was 87.3 (± 
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6.6) years in the LTCUs and 87.6 (± 6.7) in the NHs (p = 0.7). 
Most participants (77) were women, accounting for 77% of the 
population. The male/female distribution was similar for the 
two types of units (p = 0.159). The residents were very frail, 
with a median Rockwood score of 7 [7; 8] indicating severe 
frailty. The LTCU residents were determined to be frailer than 
the NH residents based on the Rockwood scale (p < 0.001). 
From a nutritional point of view, the mean bodyweight was 64.1 
(± 19.6) kg for an albumin level of 32.7 (± 5.2) g/l.  In terms of 
medical history, there was a high prevalence of neurocognitive 
disease (n = 83 [86%]), followed by hypertension (n = 63 
[65%]) and a history of cardiovascular events (n = 33 [34%]), 
predominating in the LTCU (p = 0.001). The overall burden of 
COVID-19 seroprevalence was 64%, with a higher positivity 
rate in the NHs (92%) than LTCUs (45%) (p < 0.001).

Evolution of the prevalence of COVID-19 
seropositivity (Figure 1)

Among the 97 patients included in June 2020, 62 (64%) 
showed positive COVID-19 serology. At the M3 time point, 
58 of the 62 (94%) patients who were positive in June were 
sampled again and 46 (79%) had serological tests showing 
the presence of SARS-CoV-2 antibodies. The test was 
negative for the other 12 (21%). At the M6 time point, 45 
of the 46 residents who were positive at M3 were able to be 
retested and all (100%) tested positive. After the vaccination 
campaign that took place between January and February 2021 
with the Comirnaty (Pfizer BNT162b2) vaccine, 69 (85%) 
of the 81 residents sampled at the M9 timepoint had received 
two vaccine doses. Among them, 75 (93%) serological tests 
showed a positive result, 67 for residents having completed the 
vaccination and eight for non-vaccinated residents who already 
had positive serological tests at the M3 and M6 samplings. 
Of note, among the six seronegative residents at M9, two had 
received two Comirnaty (Pfizer BNT162b2) doses and four 
were also seronegative in June 2020 and did not receive the 
vaccine. 

(A) Box plot showing the evolution of median NAb titers over six months, with medians 
and IQRs and minimal and maximal values at the extremities. (B-D) Distribution of titers 
(%) in June (B), at M3 (C), and at M6 (D).

SARS-CoV-2 antibody titers and their evolution 
(Figure 2)

We were able to determine the median NAb titer in June 
for 51 patients, which was found to be 80 [40; 160] (Figure 
2A), with 29 (57%) showing low titers with values between 
20 and 80 (Figure 2B). The NAb titer for eight (16%) of the 
residents was > 160, with a maximum titer of 1,280 for two 
of the participants. At M3, the median NAb titer of the 52 
processed samples was calculated to be 40 [40; 160], which was 
significantly lower than at M0 (p < 0.007) (Figure 2A). Most 
patients (38 [73%]) showed a NAb titer < 80 (Figure 2C). Only 
five (10%) residents had titers > 160, with a maximum of 1,280 
for one (Figure 2B). By contrast, the neutralizing antibody titer 
was stable between M3 and M6 (p = 0.867), with a median titer 
of 40 [40; 160]. At the M6 timepoint, 41 (92%) residents had 
a titer < 160 and 32 (72%) < 80, with the lowest titer found 
being 10. The maximal titer, found for three residents, was 320 
(Figure 2D).

Neutralizing antibody titers and the impact of 
vaccination (Figures 3 and 4)

Vaccination with the Comirnaty (Pfizer BNT162b2) vaccine 
was carried out between mid-January to mid-February, 2021, 
for 70 included residents (72%), with a median time interval 
before the second dose of 21 days [21; 21]. The median time 
interval between the second vaccine dose and the serological 

Figure 1. Evolution of COVID-19 seroprevalence in the NHs 
and LTCUs

Figure 2. Neutralising antibody (NAb)  titers in positive 
patients at the moment of the June screening campaign and 
their evolution
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sampling at M9 was 55 days [50; 60]. NAb titer determination 
was possible for 71 participants in the study, of whom 44 
(62%) had already shown positive COVID-19 serology in June 
and received both vaccine doses (SERO+, Vacc+), 19 (27%) 
negative serology in June and received both vaccine doses 
(SERO-, Vacc+), and finally eight (11%) positive serology in 
June but did not receive the vaccine (SERO+, Vacc-).

The median neutralizing antibody titer of the SERO+, Vacc+ 
group was 640 [320; 800], with 37 (84%) patients showing 
a titer > 160 and 11 (25%) a titer even higher than 640, with 
a maximum of 2,560 (figure 3A, 3C).  In the SERO-, Vacc+ 
group, the median titer of 20 [20-40] was significantly lower 
than that for the SERO+, Vacc+ residents (p < 0.001), with a 
distribution showing titers of mostly < 80 (figure 3A, 3D). Two 
of the SERO-, Vacc+ participants had a very low NAb titer (< 
20), having already shown negative M9 serology. The SERO+, 
Vacc- participants had a median titer of 40 [40; 50], with no 
statistically significant difference from the SERO-, Vacc+ group 
(p = 0.166) and with a 100% distribution between titers of 20 
and 80 (figure 3A, 3A). There was a significant difference 
between the median titers of the SERO+, Vacc+ and SERO+, 
Vacc- groups (p < 0.001).

We equally quantified the humoral response via the increase 
in NAb titer at M6 and M9 for residents who had a positive titer 
at M6 and who had since received the vaccine (n = 37). The 
median titer was 60 [35; 160] and rose to 640 [320; 1280], for 
an increase of 15 fold [3 fold; 15 fold] (Figure 4).

Analysis of the vaccine response in the SERO+, Vacc+ 

group showed no difference between the median NAb titers, 
neither according to  the sex of the residents (p = 0.400) nor the 
type of unit that hosted them. However, there was a significant 
difference in median NAb titers according to age (p = 0.009).

Discussion

The kinetics of neutralizing SARS-CoV-2 antibodies

Serological monitoring for the presence of anti-SARS-CoV-2 
NAbs in the frail and elderly residing in care facilities showed 
their persistence during a nine-month follow-up period. The 
June 2020 screening campaign evaluated the first epidemic 
outbreak, which affected our region between March and April 
2020, thus allowing us to highlight the persistence of these 
antibodies over a period of at least a year, although pertinent 
serological follow-up could not be carried out for the entire 
period on more than eight residents due to the rest being 
vaccinated before M9. Similar timeframes have been described 
in the relevant scientific literature, with study follow-up ranging 
from 8 to 13 months (19-21). However, up until now, very 
few have focused on the elderly, who present with frailty, a 
high disease burden, and dependency. The NAb titer alone 
does not demonstrate effective immunity and, conversely, a 
negative test does not mean that immunity is absent, as it does 
not account for all components of adaptive immunity. Despite 
their persistence over time, we cannot affirm that this level of 

Table 1. Characteristics of included patients and their repartition between the two participating units
Total participants N = 97 NH N = 39 LTCU N = 58 P value

Women 75 (77) 33 (85) 42 (72) 0.159

Age (years) 87.3 (±6.6) 87.6 (±6.7) 87.1 (±6.6) 0.700

Rockwood score 7 [7; 8] 7 [6; 7] 8 [7; 8] < 0.001

Weight (mean (SD)) 64.1(±19.6) 59.1 (±11.1) 67.4 (±23.2) 0.021

BMI (kg/m2) 25.3 (±7.3) 24.2 (±4.5) 25.9 (±8.6) 0.203

Albumin 32.7 (±5.2) 33.1 (±4.9) 32.5 0.545

Hx of diabetes 18 (19) 6 (15) 12 (21) 0.433

Hypertension 63 (65) 21 (54) 42 (72) 0.060

CV events 33 (34) 6 (15) 27 (47) 0.001

Neurodegenerative Dx 83 (86) 33 (85) 50 (86) 0.827

Neoplasia 18 (19) 6 (15) 12 (21) 0.433

Auto-immune Dx 6 (6) 1 (3) 5 (9) 0.473

Pulmonary disease Hx 27 (28) 6 (15) 21 (36) 0.025

Hypertension Tx 50 (52) 18 (46) 32 (55) 0.384

Anticoagulant Tx 19 (20) 1 (3) 18 (31) 0.001

Insulin Tx 8 (8) 1 (3) 7 (12) 0.196

Oral diabetes Tx 13 (13) 6 (15) 7 (12) 0.814

Deaths 17 (18) 4 (10) 13 (22) 0.203

Positive COVID-19 serology in June 62 (64) 36 (92) 26 (45) < 0.001

COVID-19 contact case 39 (40) 19 (49) 20 (34) 0.160

Suspected COVID-19 infection 57 (59) 25 (64) 32 (55) 0.381

Positive RT PCR test run 44 (23) 21 (9) 23 (14) 0.232

The data are presented as medians (IQRs) or frequencies (percentages)
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neutralizing antibodies confers full protection against COVID-
19 reinfection, as the memory B-cell humoral response may, by 
itself, be insufficient, as often described in the context of other 
viral infections (22).

(A) Box plot with the median NAb titers and IQRs and minimal and maximal values at 
the extremities for the SERO+, Vacc-; SERO+, Vacc+; and SERO-, Vacc+ groups. (B-D) 
Distribution, in percentages, of NAb titers in the (B) SERO+, Vacc-; (C) SERO+, Vacc+; 
and (D) SERO-, Vacc+ groups.

It is worth mentioning that the absence of anti-SARS-
CoV-2 IgG antibodies after pauci-symptomatic infection has 
been observed in many studies (23). In our study, all residents 
developed NAbs, as they had symptoms of variable intensity 
when infected with this pathogen, which is capable of causing 
diverse symptoms or, sometimes, none at all. During the first 
SARS-CoV 2 infection outbreak, which was very prevalent 
in our establishment (66.5%), the patients all appear to have 
developed a humoral response, regardless of the experienced 
symptoms. We furthermore analyzed the NAb titer of the 147 
residents who tested positive in the June campaign and found 
a significant difference between the median titers of NHs and 
LTCUs (p = 0.040). It is possible that this difference in the 
humoral response, was due to higher viral circulation in the 
NHs, with a prevalence of 88.7% versus 45.6% in the LTCUs 
(p < 0.001). Moreover, the LTCU residents in our study showed 
higher dependency, evaluated by the Rockwood scale (p < 
0.001), potentially linked to more advanced immunosenescence.

Indeed, there was a tight correlation between the qualitative 
serological tests for the detection of anti-SARS-CoV-2 
nucleocapsid antibodies (Abbott Alinity SARS-Cov-2 IgG 

assay) and anti-Spike protein (Wantai SARS-CoV-2 Ab ELISA) 
and the neutralization tests, with no false positives encountered. 
If harmonized and analyzed quantitatively, these tests would 
allow the monitoring of seroconversion, which is difficult using 
neutralization tests, which are known to be laborious and hard 
to implement in most laboratories.

The post-vaccination immune response and 
neutralizing antibodies

Analysis of the humoral response by comparing the NAb 
titer two months after vaccination with those originally 
obtained in seropositive patients a few weeks before the 
first dose showed a 15-fold [3-fold; 15-fold] increase in 
the titer following vaccination. This high post-vaccination 
titer found in our study may indicate longer lasting and 
more effective immunity. The possibility of a single-dose 
vaccination regimen in such COVID-19 seropositive patients 
could thus be considered, as in the general population, 
considered to be immunocompetent (10, 11). However, there 
is currently little data on elderly patients, and even less on 
aged, immunosenescent, and frail populations is available. 
Furthermore, our analysis of this phenomenon was carried out 
on a small patient sample using a single vaccine formulation. 
In contrast to the initially seropositive population, there was a 
much lower immune response in the seronegative population, 
with titers comparable to those of non-vaccinated residents who 
underwent COVID-19 seroconversion. A vaccination schedule 
containing supplementary doses could potentially be proposed, 
as already for immunodeficient or immunosuppressed patients 
younger than 55.

In a second phase of the SERO-CoV-OLD study, we 
evaluated the lymphocyte profile of the study participants to 
analyze the impact of the potential immunosenescent state 
on the immune response. We explored cellular and humoral 
immunity independently of SARS-CoV-2 serological status 
by lymphocyte flow cytometry, as selected circulating 

Figure 4. Evolution of neutralizing antibody (Nab) titers 
(medians and IQs and minimal and maximal values at the 
extremities) between M6 and M9 for residents who received 
two Comirnaty (Pfizer BNT162b2) vaccine doses

Figure 3. Neutralising antibody (Nab) titers and their 
repartition after vaccination
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cytokines are known to have a role in the immune response 
and immunosenescence. Although the results of this analysis 
are still being examined, and will be the subject of a separate 
paper, there appeared to be a decrease in the proportion of 
naïve T cells, especially CD8+ T cells. This decrease 
appears to correlate with a profile of chronic inflammation. 
Such an association has been previously described in 
immunosenescence, reportedly caused by the overproduction 
of pro-inflammatory cytokines that are also responsible for 
the decrease in the formation of long-term memory B cells. 
The presence of elements that diminish the immune response, 
aside from those related to B-cell function, notably those 
appertaining to T cells, is particularly important for evaluating 
the long-term effectiveness of SARS-CoV-2 immunity, notably 
in the potentially immunosenescent population composed of 
institutionalized elderly patients.

It is vital to consider the cellular component of the immune 
response, which is predominant in viral respiratory infections 
(24). Indeed, T cells are essential in attenuating the severity 
of the disease, but may nonetheless have a role in severe 
manifestations if their activation is unregulated (25). The 
generation of memory T cells, including those against SARS-
CoV-2, guarantees long-term immune protection, whereas the 
humoral response is susceptible to waning, as described for 
SARS and MERS-CoV (26). Even six months after SARS-
CoV-2 infection (27), specific CD4+ and CD8+ lymphocytes 
can be found in the vast majority of convalescent donors. 
Furthermore, a study that examined differences between the 
immune response of an immunocompetent patient and that of 
a patient suffering from common variable immunodeficiency 
(CVID), who both presented with a mild form of SARS-
CoV-2 infection, showed the absence of anti-SARS-CoV-2 
IgG antibodies in the CVID patient, despite a normal absolute 
lymphocyte count. This study also reported a marked decrease 
in the proportion of germinal center B cells and plasma blasts 
in the CVID patient, offering a possible explanation for the 
absence of anti-SARS-CoV-2 antibodies (23). Accordingly, 
such an absence of antibodies in what are otherwise pauci-
symptomatic forms also supports the hypothesis that the T-cell 
response has the primary role in defending against SARS-
CoV-2 infection. Finally, a hypothesis has been formulated 
concerning the age-related sensitivity to SARS-CoV-2, 
proposing a diverse repertoire of naïve T cells to explain the 
protection from severe forms observed in children, while also 
explaining the higher risk in elderly patients, who are naturally 
affected by immunosenescence (28).

Conclusion

It is difficult to limit viral propagation during a SARS-
CoV-2 epidemic outbreak in geriatric care establishments. 
Elderly and dependent patients are at risk of developing severe 
disease due to their immune and clinical profile, making 
herd immunity in these institutions all the more essential. 
Nonetheless, persistent immunity via neutralizing antibodies 
may be possible in this population. Vaccination against SARS-
CoV-2 induces an effective humoral response in cases in which 

the elderly patient has already developed anti SARS-CoV-2 
antibodies, and suggests that a single vaccine dose may suffice. 
On the other hand, when this strategy is applied to a potentially 
immunosenescent seronegative patient, the antibody titer 
remains low, suggesting the need for supplementary doses. 
Future evaluation of vaccination and protective immunity in 
this population should include other markers of response aside 
from those related to B cells, in particular those related to T 
cells, including screening for a specific SARS-CoV-2 response. 
This would allow the consideration of novel vaccination 
strategies that associate humeral and cellular responses, thus 
enabling more persistent and effective immunity, while at the 
same time making the emergence of novel variants less likely.
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