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SARS-CoV-2 infection in the
elderly after 6 months
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Objectives: To evaluate the immune persistence and cross-immune response of
elderly individuals after Omicron BA.5 infections.

Method: The neutralizing antibodies against WT, BA.5, XBB.1 and EG.5 strains
were analyzed. The T/B-cell subsets’ responses were tested through intracellular
cytokine staining and flow cytometry.

Results: The neutralizing antibodies titers against WT and BA.5 strain, remaining
high level for at least 6 months, were higher than that of both XBB.1 and EG.5
variants. The neutralizing antibodies of WT, BA.5, XBB.1, and EG.5 strains in the
elderly were slightly lower than those in middle-age. The memory B cells
decreased rapidly in the elderly, and Tfh, Th1l7 cells of the elderly continued to
increase for only 3 months, while Tfh and Th17 cells increased in the middle-aged
for over 6 months. For the elderly, after peptide stimulation, unswitched/switched
memory B cells decreased, while double negative B cells displayed higher
proliferation. The proportions of both naive and Temra cells in CD4" and CD8*
T cells declined, whereas those of Tcm and Tem cells elevated. In the meantime,
both CD69" and CD38" T cells decreased, but the frequencies of PD-1" and
CTLA-4" of CD4" and CD8* T cells showed an increasing trend. The proportions
of PD-1" and CTLA-4" cells also increased in older people with long COVID
symptoms at 3m post-infection.
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Conclusions: Omicron BA.5 infection induced lower neutralizing antibodies
against XBB.1 and EG.5 variant. The decrease of memory B cells, CD69" and
CD38*T cells, as well as the increase of PD-1", CTLA-4" of CD4"/CD8*T cells
and double negative B cells, indicate that sustained immune responses against
BA.5 infection may wane more rapidly in elderly populations.

omicron BA.5, elderly, neutralizing antibody, adaptive immunity, T cell

1 Introduction

Coronavirus disease 2019 (COVID-19) is an acute respiratory
infection caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2). As of March 2025, COVID-19 causes a pandemic
with over 776 million cases and at least 7 million deaths (1). To date,
Alpha, Beta, Gamma, Delta, and Omicron variants have been
classified as a ‘variant of concern’ by the World Health
Organization (WHO) on the basis that they exhibit substantially
altered transmissibility or immune escape, warranting close
monitoring (2, 3). After November 2021, the emergence of the
Omicron (B.1.1.529) variant continued to mutate to novel subtypes,
resulting in increasing immune escape and risk of reinfection and
gradually evolved into the dominant strain in the world (4, 5). In
December 2022, there was an outbreak of the Omicron BA.5.2/BE.7
variant in China (6). From May to July 2023, the Omicron XBB
variant with stronger immune evasion reached its peak of
prevalence (4). And the EG.5 variant reached its peak of
prevalence in November 2023 (7). Since early 2022, Omicron
variants replace Delta and Alpha, with all currently circulating
SARS-CoV-2 strains belonging to Omicron sub-lineages (2). In
addition, neutralizing antibodies (Nab) may provide evidence for
protection against reinfection in elderly people, although
immunosenescence may not produce an adequate protective
response (8, 9). Several clinical studies show that poor antibody
response is one of the risk factors for infection in the elderly, which
is related to the decline of vaccine efficiency and the serious
consequences of COVID-19 (10-13). Some studies show that the
antibody responses of elderly participants after Omicron BA.5
infection and XBB reinfection may be affected by vaccine type
and comorbidities (14-16). The continuous evolution of Omicron
subvariants has led to substantial reductions in vaccine effectiveness
(17). Given the ongoing evolution of the SARS-CoV-2 virus and the
emergence of new variants, it is essential to conduct longitudinal
studies on immune persistence in the elderly. This research is
crucial for understanding how better to protect this vulnerable
group from SARS-CoV-2 variants infection again.

The immunological memory is one of the important features of
adaptive immunity. Studies of convalescent COVID-19 patients
show that the level of SARS-CoV-2-specific antibodies gradually
decreases over time (18-20). Multiple evidence suggests that T-cell
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responses are associated with the reduction of symptoms of
COVID-19 disease (21-23). Both natural infection and
vaccination can induce the population’s immunity against
COVID-19. However, previous studies find that compared with
the young, the elderly have poor T-cell responses to SARS-CoV-2
caused by vaccination or infection (24). The patients over 65 years
old have a very uncoordinated SARS-CoV-2 specific immune
response compared with young patients, in which there is a
reduction coordination of between CD4" and CD8'T cell
responses, the loss coordination between CD4'T cells and
antibody response, and changes in correlation between
inflammatory cytokines and CD4"T cells, CD8'T cells, and
antibody response, especially, in patients aged =75 years old (21).
SARS-CoV-2 infection induces specific T cell responses to various
viral antigens, but the diversity of target antigen repertoire for long-
lived memory T cells specific for SARS-CoV-2 may decline with
age (25).

Several studies have reported report the immune responses and
epidemiological features after Omicron BA.5 infection in the
general population (6, 16, 26). However, it is necessary to study
the immune persistence of the elderly population and determine the
characteristics of T-cell immune responses that prevent reinfection
in the elderly. Thus, a longitudinal study of immunity response to
SARS-CoV-2 was conducted in the elderly population of
Shandong, China.

2 Methods
2.1 Study design and participants

58 participants infected with Omicron BA.5 in December 2022
were recruited, and three follow-up visits were carried out in
January, March, and June 2023 (Figure 1) in Shandong, China.
Among the 58 participants were non-hospitalized (classified as mild
or moderate cases), including 9 asymptomatic individuals and 49
symptomatic individuals who recovered without requiring
hospitalization. After venous blood was collected from all
participants, serum, plasm, and peripheral blood mononuclear
cells (PBMCs) were isolated. Before testing, PBMCs were frozen
and stored in serum-free cell-freeing media (Aoqing Biotechnology
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FIGURE 1

The flow chart of the study design. A total of 58 participants were enrolled in three visits (Im, 3m, 6m after BA.5 infection) followed up longitudinally
in Shandong, China in 2023. After serum and PBMCs of participants were collected, Nab titer of WT strain, BA.5, XBB.1 and EG.5 variant and the
cellular immune were detected through ICS using no peptide stimulation for all participants or peptide stimulation for the elderly.

Co., Ltd., China) at -80°C. This ethics was approved by the Ethics
Committee of National Institute for Viral Disease Control and
Prevention, China CDC and written informed consent was
provided by the participants or their guardians before sample
collection (No. IVDC2025-003).

2.2 Neutralizing antibody assays

The NAbs to SARS-CoV-2 were detected by the
microneutralization tests under Vero cell using the SARS-CoV-2
protype strain and variants BA.5, EG.5.1, XBB.1.1 according to
previous reports (27), the neutralization assays of SARS-CoV-2
were carried out under Vero cells with DMEM supplemented
containing penicillin G (100 U/ml), streptomycin (100 mg/ml), 2
mM L-glutamine, and 10% heat-inactivated fetal bovine serum
(FBS). All cell cultures were maintained in 5% CO2 at 37°C. The
steps of the neutralization test were briefly described as follows: 100
UL of serum diluted in a 1:2 series (starting at 1:4) were added to
each well of 96-well plates. Then, each well of 96-well plates was
seeded with 20,000 cells in 100 uL of DMEM. Subsequently, 50uL of
cell culture medium containing 100 TCID50 Wild type, BA.5,
XBB.1 and EG.5 variant were added in 96-well plates under 37°C
and the cytopathic effect (CPE) was observed after 5-
day incubation.
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2.3 Evaluation of T/B cells response using
flow cytometry

PBMC were washed in PBS with 1% heat-inactivated FBS
(Gibco), stained with Live/Dead fix blue (Life Technologies,
1:500), and incubated for 30 minutes at 4°C. Cells were washed in
PBS+1% FBS and incubated for 30 minutes at 37°C with CCR7-
BV421 (Biolegend) and CD185-BV750 (Biolegend). Then, Cells
were washed in PBS+1% FBS and incubated for 30 minutes to 1h at
4°C sheltered from light with an antibody cocktail including: CD8-
BUV805 (BD), CD19-Spark NIR685 (Biolegend), CD27-BV480
(BD), CD38-APC/Fire810 (Biolegend), CD56-BUV737 (BD),
CD16, CD45RA-BUV395 (BD), CD25-PE-Fire700 (Biolegend),
CD127-APC-R700 (BD). Next, Cells were washed in PBS+2%
FCS and permeabilized for 50 minutes in 4°C in 100uL of
Transcription Factor Buffer Set (BD Biosciences). After washing
in PermWash (100uL Ixperm/wash buffer), antibodies were
formulated using 1xperm/wash buffer and incubated for 30
minutes at 4°C, including IL-17A-PE(Biolegend), CD4-BUV496
(BD), and CD3-BV510 (Biolegend). After washing in 1xperm/
wash buffer and cell resuspension solution in 2% PFA, flow
cytometry was performed using Cytek Aurora flow cytometry.

After PBMC of the elderly were collected in 3m and 6m of post-
infection (pi), ICS was performed using stimulation of spike peptide
pools of BA.5 (Qiangyao Biotechnology Co., Ltd., China). Briefly,
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cryopreserved PBMCs were thawed at 37°C and immediately
washed in PBS, the suspension was performed using CTL
medium containing nuclease (Benzonase®, 1:5000), and the cells
were recovered at 37°C for 3 to 4h and counted. Cells were cultured
for 6 hours in the 5 uL PMA+Ionomycin (Dakewe), DMSO, and
spike peptide pools of the BA.5 variants (5ug/mL) in 96-wells U-
bottom plates at 1x10° PBMC per well, respectively. And add
eBioscience™ Brefeldin A Solution per well blocker. Stimulation
with an equimolar amount of DMSO was performed as a negative
control, and PMA+Ionomycin was included as a positive control.
Then, dyeing of PBMC treatment as described above. Extracellular
antibody cocktail including CD19-Spark NIR685 (Biolegend),
CD25-PE-Fire700 (Biolegend), CD366-PE/Dazzle594 (Biolegend),
CD152-PE (Biolegend), CD45RA-BUV395 (BD), CD20-BV570
(Biolegend), CD279-BV785 (Biolegend), CD38-APC/Fire810
(Biolegend), CD27-BV480 (BD), IgD-PE/Cyanine5 (Biolegend),
CD8-BUVS05 (BD), CD56-BUV737 (BD), CD69-BUV661 (BD).
Intracellular antibody cocktail including Perforin-FITC (BD), CD4-
BUV496 (BD), Granzyme B-eFluo 450 (Thermo) and CD3-BV510
(Biolegend). After washing in Ixperm/wash buffer and cell
resuspension solution in 2% PFA, flow cytometry was performed
using Cytek Aurora flow cytometry.

2.4 Statistical analysis

The demographic characteristics of the participants were
presented as the median (IQR) for continuous variables and the
absolute values and percentages for categorical variables. Nab were
presented as the geometric mean titers (GMTs) with 95%
confidence intervals (CIs). The difference between groups was
examined by a Wilcoxon matched-pairs signed rank test or
Mann-Whitney U-test as appropriate. A two-sided P-value < 0.05
was considered statistically significant. The statistical analysis was
conducted using GraphPad Prism 9.0 (GraphPad Software, San
Diego, USA) and IBM SPSS Statistics 26 (SPSS Inc., Chicago, USA).

3 Results

3.1 The epidemiological characteristics of
participants

A total of 58 participants were enrolled in the study, their
median age was 60.5 years old (age range: 34-86 years old)
(Table 1), and the male to female ratio was 1:1.30. Among them,
53.44% of the population was over 60 years old, with a male to
female ratio of 1:1.38. All individuals received SARS-CoV-2 vaccine.
96.55% (56/58) of people received a booster dose of inactivated
vaccine. Among them, 89.66% (52/58) of people received at least
one booster of CoronaVac or BBIBP-CorV vaccine. The first dose of
inactivated vaccines was primarily administered in 2021(96.55%,
56/58), and the second dose was also mainly administered in 2021
(93.10%, 54/58), for the third vaccination, 55.36% (31/56)
individuals received it in 2021 and 44.64% (25/56) in 2022.
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TABLE 1 The epidemiological characteristics of participants.

Characteristics Participants (n = 58)

(median, IQR) 60.5 (48-70)
Sex (%)
Male 25 (43.10)
Female 33 (58.90)
Comorbidities (%)
Yes 23 (39.66)
No 35 (60.34)
Omicron BA.S5 infection (%)
asymptomatic 9 (15.52)
symptomatic 49 (84.48)
Symptomatic infection(n=49)
Fever 43 (87.76)
Cough 38 (75.55)
Fatigue 36 (73.47)
Expectoration 35 (71.43)
Sore throat 32 (65.31)
Pain in the lower back and limbs 30 (61.22)
Headache 26 (53.06)
Dizzy 22 (44.90)
Chest distress 21 (42.86)
Diarrhea 12 (24.49)
Nausea or vomiting 9 (18.37)
Booster vaccination (n=52)
CoronaVac 22 (42.31)
BBIBP-CorV 30 (57.69)

Additionally, 39.66% (n=23) of the participants suffered from
underlying diseases, of which hypertension, diabetes, or coronary
heart disease were the most common comorbidities. Among the
participants, 49 were symptomatic and 9 were asymptomatic
according to a questionnaire survey. The common symptoms
were fever (87.76%), cough (75.55%), fatigue (73.47%),
expectoration (71.43%), and sore throat (65.31%).

3.2 Changes of Nab titers after 6 months
of BA.5 infection

To evaluate the changes in Nab titers in individuals infected
with the Omicron BA.5 variant, a follow-up study was conducted
involving 58 participants. Serum samples were collected at three
time points: the 1° month, the 3" month, and the 6™ month pi. The
Nab titers were tested against the WT, BA.5, XBB.1, and EG.5
strains, respectively. The Nab titers against the WT strain were the
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highest at each time point, followed by BA.5, XBB.1, and EG.5
variants (Figure 2). GMTs of WT strain was 238.76 (95% CI,
167.11-341.15), 278.49 (95% CI, 221.8-349.67), and 208.29 (95%
CI, 153.81-282.09) in 1m, 3m and 6m pi, and the GMTs of BA.5
variant were 194.41 (95% CI, 135.52-278.89), 212.82 (95% CI,
157.67-287.24), and 130.26 (95% CI, 100.16-169.41). The XBB.1
variant was 33.62 (95% CI, 26.40-42.85), 29.54 (95% CI, 22.99-
37.97), and 30.16 (95% CI, 24.1-37.75). And there was a lower level
of the Nab titers against EG.5 variant. The antibody titers of EG.5
variant at the three time points were 9.48 (95%CI, 7.53-11.93), 10.18
(95%CI, 8.42-12.31), and 11.98 (95%CI, 9.91-14.50)
(Supplementary Figure 1), respectively. The titers of XBB.1 were
remarkably lower than those of BA.5 by 5.78-fold, 7.20-fold, and
4.32-fold in 1m, 3m, and 6m pi, respectively. Whether the elderly or
the middle-aged, Nab titers against both WT and BA. 5 strains
remained at a high level at each time point, and those of XBB.1 and
EG.5 variants were at a relatively low level, especially the EG.5
variant (Supplementary Figure 2). But the Nab titers of the WT and
BA.5 strains were lower in older people than in the middle-aged
(P>0.05) (Supplementary Figure 2).

The effects of booster vaccination, gender, symptoms, and
comorbidities on the level of Nab of SARS-CoV-2 variants were
then analyzed. Nab titers against the WT strain, BA.5, XBB.1 and
EG.5 variants were not significantly different between the
CoronaVac and BBIBP-CorV (P>0.05) (Figure 3A). Our results
showed that individuals who experienced Omicron infection within
<12 months after booster vaccination exhibited higher Nab levels
against WT, BA.5 and XBB.1 variants at 1 month post-infection
(Figure 3B). We further analyzed the impact of comorbidities on
Nab titers in elderly individuals. The results showed that the Nab
levels were lower in patients with comorbidities compared to those
without. Notably, the antibody titers were lower in patients with
cardiovascular diseases than in those with diabetes, although this
difference was not statistically significant. Additionally, the Nab

10.3389/fimmu.2025.1596065

levels against BA.5 and XBB.l variants in patients with
cardiovascular disease were significantly lower than those patients
without comorbidities (P < 0.05) (Figure 3C). When antibody levels
were analyzed in individuals with underlying diseases, the Nab titers
of WT, BA.5, XBB.1, and EG.5 strains in the normal population
were significantly higher than those in individuals with
comorbidities (Figure 3C).

3.3 The characteristic of the memory B
cells, Tfh cells, and Th17 cells in the elderly

To understand the dynamic changes of the immune cells of the
population after Omicron BA.5 infection, memory B cells, CD4"T
cells, CD8'T cells, and CD4"T cell subset were detected at the above
three time points. The results showed that the total number of total
CDA4'T cells remained stable at 1m, 3m and 6m pi and CD8T cells
showed a significant decreasing trend over time (Figures 4A, B). The
number of Th1 cells decreased over time from 1m pi to 3m pi and
then stabilized until 6m pi, whereas Th2 cells showed the opposite
trend (Figures 4C, D). The number of CD4"Treg cells decreased
continuously over time whether in older people or the middle-aged
population (Figure 4E). However, the number of memory B cells in
the elderly population decreased with the prolongation of post-
infection time. Still, the number of memory B cells (MBC) in the
middle-aged population continued to grow from 1m to 3m pi and
remained relatively stable from 3m to 6m pi (Figure 4F). Our results
also showed that the number of Tth cells and Th17 cells
continuously increased in a middle-aged population. However,
the number of Tth cells and Th17 cells showed a characteristic of
first increasing from 1m to 3m pi and then decreasing from 3m to
6m pi in older people (Figures 4G, H).

NK cells and NKT cells, the main groups of immune cells
involved in innate immunity, were also analyzed in this study. The
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FIGURE 2

NAb titers of WT and Omicron BA.5, XBB.1, EG.5 variants in Im, 3m and ém pi, respectively. NAb titers changes in the 58 participants in 1m (A), 3m
(B), and 6m (C) after BA.5 infection. The bar indicates geometric mean titers (GMT) with a 95% confidence interval (Cl). A Wilcoxon matched-pairs
signed rank test was performed in this analysis and P < 0.05 was considered statistically significant. *P < 0.05, **P < 0.01, ***P < 0.001, ****P <

0.0001. ns represents no statistical significance.
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statistically significant. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. ns represents no statistical significance.

proportion of NK cells decreased rapidly from 1m pi to 6m pi, with
the fastest decline in people over 70 years of age (Figure 4I). The
proportion of mature NK cells in the middle-aged population
increased from Im pi to 3m pi and remained stable from 3m pi
to 6m pi. Mature NK cells in the older population showed a similar
trend from 1m to 3m pi, but it decreased from 3m to 6m pi. Our
results also showed that the proportion of mature NK cells was
higher than in the middle-aged in the older people at each time
point (Figure 4]J). However, immature NK cells exhibited a
completely opposite trend (Figure 4K). The proportion of NKT
cells in all age groups showed a decreasing trend (Figure 4L).

3.4 SARS-CoV-2-specific cellular immunity
of the elderly after infection

3.4.1 Activation of CD4"/CD8'T cells decreased
in older people

To characterize the specific cellular immune effects and
immune memory response in older people, PBMCs from the
elderly at 3m pi and 6m pi were stimulated with the peptide pool
of S protein of BA.5 variants. After stimulation, both CD4" T cells
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and CD8" T cells showed a decreasing trend from 3m to 6m pi
(Figures 5A, B). Then, T-cell activation was identified through
detection of CD38 and CD69 markers. The result found that the
proportion of both CD38" T cells and CD69" T cells decreased from
3m to 6m pi (Figures 5C, D). To investigate the memory phenotypes
of SARS-CoV-2-specific CD4" and CD8" T cells, the proportion of
the naive (CD45RA"CCR7"), central memory (Tcm,
CD45RA™CCR7"), effector memory (Tem, CD45RA”CCR7"), and
late effector (Temra, CD45RA*CCR7") subsets were determined by
detection of both CD45RA and CCR?7. The results showed that the
specific Tcm, Tem, naive, and Temra cells of CD4™ T cells in the
elderly accounted for 47.21%, 13.61%, 32.25%, and 6.93% in 3m pi,
respectively (Figure 5E). Compared with Tcm and Tem cells at 3m
pi, both Tcm and Tem cells of the elderly increased significantly at
6m pi (57.94%, 26.20%), whereas both naive and Temra cells
decreased at 6m pi (14.31%, 1.55%) (P<0.05) (Figure 5E).

Similar to the results above, for CD8" T cells, Tcm cells
increased from 5.53% to 32.02%, and Tem cells increased from
9.42% to 15.49% from 3m to 6m pi in older people (Figure 5F).
However, the Temra cells decreased from 37.85% to 12.49%, and
naive cells decreased from 47.20% to 39.99% from 3m to 6m pi,
respectively (Figure 5F).
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3.4.2 MBC, unswitched/switched MBC decreased
and DNBC increased in elderly

The function of NK cells and B cells was then assessed following
stimulation with the peptide pool. The four subsets of B cells,
namely naive/transitional B cells (CD27IgD"), unswitched memory
B cells (unswitched MBC, CD27"IgD"), switched memory B cells
(switched MBC, CD27"IgD"), and double negative B cells (CD27°
IgD"), were evaluated according to the different expression levels of
CD19, CD27, and IgD. The results showed that the B cells (CD19")
increased slightly from 3m to 6m pi (P>0.05) (Figure 6A).
Comparing the B cell subsets of convalescents at 3m and 6m pi, it
was found that naive B cells, unswitched MBC, and switched MBC
were significantly lower in 6m pi than in 3m pi, but double negative
B cells (DNBC) were considerably higher than that in 3m pi
(Figure 6B). The naive B cells made up the majority of B cells in
3m pi, whereas DNBC made up the majority of B cells in 6m pi.
Furthermore, the frequency of unswitched MBC was lower than
switched MBC in both 3m pi and 6m pi (Figures 6C, D). Our results
also showed that the Perforin*, Granzyme™ of NK cells and CD8"T
cells also decreased slightly after stimulation (Figures 6E, F).
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3.4.3 PD-1*/CTLA-4" CD4"/CD8" T-cell
increased in older people

Immune regulation determines not only the occurrence of an
immune response caused by a viral infection but also determines the
strength of the immune response. Regulatory T cells (Tregs) are the
leading immunosuppressive cell group that maintains the immune
balance of the body. Our results showed that CD4" Tregs cells
increased significantly from 3m to 6m pi, while CD8" Tregs cells
decreased significantly in 3m to 6m pi in older people (P<0.05)
(Figure 7A). Immune checkpoint (ICP) is another type of
immunosuppressive molecule that can regulate immune responses
and prevent normal tissue damage and destruction. The common
ICP molecules include programmed cell death protein 1 (PD-1),
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), T cell
immunoglobulin and mucin-domain containing 3 (Tim-3) (28).
To understand the effect of ICP molecules in the elderly after BA.5
infection, PD-1* (CD279), CTLA-4* (CD152), and Tim-3"
(CD366) of CD4" and CD8" T cells were detected in this study.
The results showed that PD-17 of CD4" and CD8" T cells were
significantly increased from 3m to 6ém pi (Figure 7B). CTLA-4"
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(CD152) cells of CD4" and CD8" T-cell also increased from 3m to
6m pi (P>0.05) (Figure 7C). Additionally, Tim-3" cells of CD4" T
cells slightly increased, while Tim-3" cells of CD8" T-cell
significantly decreased from 3m to 6m pi (Figure 7D).

In a 3m pi follow up study of elderly individuals with long
COVID, six participants reported having at least one persistent
symptom that lasted for >2 months. Further analysis revealed that
the PD-1, CTLA-4, and Tim-3, were elevated in elderly subjects
with long COVID symptoms compared to those without, even if
there is no statistical difference for the majority. Although the
majority of these differences did not reach statistical significance
(Supplementary Figure 3).

4 Discussion

Older people are highly vulnerable to SARS-CoV-2 and its
variants, mainly due to their poor antibody response (29).
Therefore, it is crucial to determine whether the immune
response to SARS-CoV-2 and its variants is preserved after
Omicron BA.5 infection. To our knowledge, this study is the first
to describe the dynamic changes in specific humoral and cellular
immunity to Omicron BA.5 in elderly individuals.

Frontiers in Immunology

Our study found that the Nab titers to WT and BA.5 were
obviously higher than those of XBB.1 and EG.5 from 1m to 6m after
BA.5 infection. The results indicated that the individuals infected
with the SARS-CoV-2 variant had a stimulated immune memory
response to the WT strain and showed higher immune protection
against the BA.5 variant, but there was a poor cross-reaction against
XBB.1 and EG.5 variant, which is consistent with the previously
reported studies (30-33). This likely reflects immune evasion driven
by key mutations in the spike receptor-binding domain (RBD).
Specifically, F456L and F486P substitutions in XBB.1 variant alter
antibody-binding interfaces through structural remodeling (34),
while the F456L/Q52H mutations in EG.5 enhance ACE2 binding
and simultaneously evade common neutralizing antibodies (35).
These findings were consistent with structural evidence indicating
that F456L mutation alone reduces antibody neutralization potency
by >20-fold (34). Prior to the emergence of Omicron variants, the
effectiveness of CoronaVac booster vaccination in preventing
symptomatic COVID-19 among adults was 78.8% (36), Vaccine-
induced neutralizing antibody titers against the Omicron variant
were 16.5-fold lower compared to those against the prototype strain
(37). Our findings also showed that the Nab titer of the WT strain at
the time of booster vaccination that < 12 m was significantly higher
than that of 212 m. Similar to early results (31, 38), the Nab titer of
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the WT strain and the Omicron BA.5 strain was weaker in older
people. This may suggest that the elderly are more susceptible to
infection with new variant strains. We also found that fever, cough,
and fatigue were the most obvious symptoms among the older
population following Omicron BA.5 infection.

Similar to our research findings in the middle-aged population,
after symptomatic SARS-CoV-2 infection, the frequency of MBC
peaks between 4 and 5 months (20). However, MBCs frequencies
decreased from 3m to 6m pi in the elderly individuals. MBC are a
subtype of B cells that form in germinal center after an initial
infection and play an important role in producing an accelerated
and stronger antibody-mediated immune response (also known as
secondary immune response) in the event of a subsequent infection.
In the human immune system, the number of MBC is generally
higher than that of naive B cells in the peripheral blood, especially in
the elderly population (39). However, in our study, the number of
MBC was lower than that of naive B cells in 3m pi. The decrease in
MBC may be due to their transformation into plasma cells that
produce a large amount of antibodies. Our results also showed that
both unswitched MBC and switched MBC decreased to a lower
level, and Naive B cells decreased from 55.85% to 37.97%. However,
the double negative B cells (DNBC), as late-stages memory cells,
increased from 15.59% in 3m pi to 58.37% in 6m pi. DNBC can
secrete inflammatory mediators such as TNF-a, IL-6, and IL-8 (40-
43), which may be involved in the persistent inflammatory response
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in the elderly population. From our results, it appears that the
expansion of DNBCs is not related to antibody production, but may
be related to the persistent increase in cytokines. This expansion of
such cells can also be shown in critically ill patients with COVID-19
exhibiting characteristics of lupus-like autoimmune disease (42).

MBC have a long lifespan and remain in a dormant state until
they reencounter antigens. As exposed to exogenous antigens again,
Tth cells immediately reactivate MBC, which differentiate into
plasma cells capable of secreting antibodies. Similar to the trend
of unswitched MBC and switched MBC, the number of Tth cells in
the elderly population showed a peak in the third month after
infection and a decrease in the sixth month after infection. This
result demonstrated the synergistic effect between Tth cells and
MBC after SARS-CoV-2 infection. The number of Th17 and Tth
cells in middle-aged people continued to increase with prolonged
infection time. Th17 cells are associated with protective immune
responses in specific viral infection models (44, 45). However, in
other cases, they have been shown to promote the pathogenesis of
viral diseases (44, 46). From our research results, the Th17 cell
continued to increase after infection in middle-aged people,
suggesting that it does not promote the prognosis of patients with
COVID-19 infection. The functional relevance of the Th17
response to COVID-19 requires further investigation.

Our results showed that, in elderly individuals, the proportions
of naive and Temra cells in CD4*/CD8*T cells decline, whereas

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1596065
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Luo et al.
A 42 .
*k Hek
I l L] I
2 B
O
Q L]
g 6
# [ ] L
k]
N
CD4+, Treg CD8+, Treg
C
159 ns ns
I ) I II
n -
E 10
-
] S
= ° -
Q -
o
B
CD4+, CTLA-4 CD8+, CTLA-4
FIGURE 7

10.3389/fimmu.2025.1596065

® 3M m M
B 400-
80
»
3
O 60
-
o
« 404
-]
2
20
o T T
CD4+, PD-1 CD8+, PD-1
D
15+ ns .
I L] I ' I
»
8 10-
*? " I
£ .
i: L ]
5 5+ : -
2

CD4+, Tim-3

CD8+, Tim-3

The changes of Treg cells and immune checkpoint molecules in the elderly. After SARS-CoV-2 spike peptide stimulation, (A) The changes of CD4*
Treg and CD8™ Treg cells at 3m, 6m pi in elderly convalescent patients. (B) The changes of CD4"PD-1* and CD8*PD-1" cells at 3m, 6m pi in elderly
convalescent patients. (C) The changes of CD4*TIM-3* and CD8"TIM-3" cells at 3m, 6m pi in elderly convalescent patients. (D) The changes of
CD4*CTLA-4* and CD8*CTLA-4" cells at 3m, 6m pi in elderly convalescent patients. A Mann-Whitney test was performed in this analysis and P <
0.05 was considered statistically significant. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. ns represents no statistical significance.

those of Tcm and Tem cells rise. Notably, the proportion of naive
cells in CD4™T cells is significantly lower than that of Tem cells.
After T-cell division and differentiation, memory T cells and
effector T cells are formed, respectively. Memory T cells can exist
in the human body for months or even decades, preventing the
body from being invaded again by the relevant pathogens. The
validity period of some memory T cells is very short, such as
influenza, hepatitis B, etc., but some are lifetime, such as smallpox
(47-49). Memory T cells are typically divided into three main
groups: Tcm, Tem, and Temra cells. This study showed that Tcm of
CD4" T cells from older people showed a significantly higher
proliferation frequency from 47.21% to 57.94% over time. Tcm
cells of CD8'T cells increased rapidly from 5.53% 3m pi to 32.03%
6m pi. This may be due to the rapid transformation of naive T cells,
prompting the body to respond quickly. Temra cells decreased from
6.93% to 1.55% for CD4 T cells, and Temra cells of CD8"T cells
rapidly reduced from 37.85% to 12.49%. The results indicate that at
the early stage (3m pi), Temra cells may play some roles in the early
inflammation of COVID-19 infection. Our results still showed that
the Tem cells of CD4" cells increased from 13.61% to 26.20%, and
the Tem cells of CD8" cells also increased from 9.42% to 15.49%,
respectively. This suggests that the Tcm cells may be one of
important immune protection in the elderly population. A
decreased proportion of naive CD4'T cells indicates that the
immune response to new antigens in the elderly population is
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limited. It is difficult to establish long-term and adequate immune
protection, and they may be more prone to reinfection.

Naive CD4" T cells differentiate into several effector cell subsets
based on their function and the cytokines they release. The major
subsets are Th1, Th2, Th17, Treg and Tth cells (50). Th1 cells are
essential for the host’s defense toward intracellular pathogens (51),
while Th2 cells mediate the activation and maintenance of the
antibody-mediated immune response against extracellular
parasites, bacteria, allergens, and toxins (52). Similar to typical
research findings, our study showed that both the elderly and
middle-aged populations exhibited opposite trends in Thl and
Th2 cell responses over time. Within 6 months after COVID-19
infection, NK cells and NKT cells decreased with the extension of
post-infection time in both the elderly and middle-aged
populations. The results suggest that the antiviral response of the
body infected with COVID-19 gradually returns to normal. Our
results also showed that the number of mature NK cells in the
elderly population was slightly lower than that in the middle-
aged population.

Tregs are key immunosuppressive cells that migrate to areas of
inflammation and help suppress the inflammatory response (53,
54). We found that the number of CD4"Treg cells increased with
time after infection, while the number of CD8 Treg cells showed
the opposite trend. PD-1, Tim-3, and CTLA-4 of ICP molecules are
associated with T cell depletion (28, 55, 56). At 6 months after
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infection, the number of cells expressing PD-1*, CTLA-4" in CD4"
and CD8" cells were higher than that at 3 months after infection; A
previous study demonstrates that PD-1 expressing SARS-CoV-2
specific CD4" T cells were exhausted (46). In our study, PD-1
showed an increasing trend in the elderly after infection. Thus PD-1
expressed on effector SARS-CoV-2 specific T cells may gradually act
as an exhaustion marker in the long-term recovery phase over time.
CTLA-4 also increased during recovery, consistent with other
studies (56). This further suggests that these older people do not
maintain persistent immune function after infection. Divergent
Treg dynamics and rising immune exhaustion markers: unveiling
the older people’s post-infection immune vulnerability.

This study has several limitations. Firstly, the small sample size
of elderly participants will limit the scalability of our results.
Secondly, the lack of a control cohort for young people makes it
impossible to exclude age-specific immune features.

5 Conclusion

There are few studies on adaptive immune cohorts of Omicron
variants in the elderly after the COVID-19 pandemic. Here we find
that the Nab titers showed higher immune protection against the
WT strains and BA.5 variant after BA.5 infection, but poor cross-
reaction against XBB.1 and EG.5, which means that these
populations are more likely to be infected with either XBB.1 or
EG.5 again. The decrease of the MBC, unswitched/switched MBC
and CD69*/CD38™T cells, the differences in Tfh and Th17 cell
changes between the elderly population and the middle-aged
population, as well as the increase of CD4"/CD8"PD-1" T cells,
CTLA-4"CD4"/CD8'T cells and DNBC, suggest that the elderly
exhibit a reduced persistent immune response to BA.5 infection. In
addition, elderly individuals with comorbidities have an increased
risk of developing serious illnesses when reinfected with XBB.1 and
EG.5 variants. Vaccination of the elderly population against newly
emerging variants is one of the key strategies to reduce the risk of
reinfection for this vulnerable group.
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