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Vaccines induce specific long-term immunological memory against pathogens, preventing the worsening of
diseases. The COVID-19 health emergency has caused more than 6 million deaths and started a race for vaccine
development. Antibody response to COVID-19 vaccines has been investigated primarily in healthcare workers.
The heterogeneity of immune responses and the behavior of this response in particular groups were still very
little explored. In this review, we discuss whether antibody responses after vaccination are influenced by age,

gender, previous SARS-CoV-2 infection, or pre-existing diseases.

1. Introduction

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
is an RNA virus responsible for the COVID-19 pandemic that has infected
hundreds of millions of people and resulted in millions of deaths
worldwide (WHO, 2023). The genome of SARS-CoV-2 encodes four
conserved structural proteins, spike (S), envelope (E), membrane (M),
and nucleocapsid (N) (Kim et al., 2020). SARS-CoV-2 infects host cells
through its S protein, which consists of the S1 subunit, S2 subunit,
transmembrane, and cytoplasmic domains. The S1 subunit is further
divided into N-terminal domain (NTD), receptor-binding domain (RBD),
subdomain 1 (SD1), and subdomain 2 (SD2) (Lu et al., 2020). The RBD in
the S1 subunit of SARS-CoV-2 binds to the cellular receptor
angiotensin-converting enzyme 2 (ACE2) in host cells and mediates
virus entry (Yesudhas et al., 2021). When the virus enters the cell, leads
to the activation of the body’s humoral and cellular immunity (Li et al.,
2020). The humoral immune responses are crucial to fight respiratory
viral infections in the current pandemic of COVID-19. During
SARS-CoV-2 infection, the dynamics of antibody production are affected
by the different characteristics of patients (Yaugel-Novoa et al., 2022).

The COVID-19 pandemic promoted a race for the development of
vaccines (Graham, 2020; Malik et al., 2021). Until now, the world
received more than 12 trillion doses of different COVID-19 vaccines

(WHO, 2022). The vaccines have been an effective strategy to protect
against severe cases of COVID-19 (Hu et al., 2021; Messina et al., 2019;
Meyer and Zepp, 2022). Post-vaccination antibody response has been
mainly described in healthcare workers (HCWs) since they were prior-
itized in vaccination programs (Gomez-Ochoa et al., 2021). However,
the heterogeneity of immunological response and the knowledge of this
response in particular groups are still limited. Also, while the immu-
nogenicity of COVID-19 vaccines has been characterized in several
well-conducted clinical trials, real-world evidence concerning immune
responses against SARS-CoV-2 raised by such vaccines is currently
missing (van Praet et al., 2021).

Therefore, this study aimed to review the literature on antibody
response to different COVID-19 vaccine platforms (Table 1) and deter-
mine whether this response correlates with age, gender, previous SARS-
CoV-2 infection, and pre-existing diseases.

2. Antibody response
2.1. Gender and age
Gender and age differences in vaccine-induced humoral immunity

have gained attention over the last years. In general, females develop
higher antibody response post-vaccination compared to males, and
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Vaccination platforms and the respective manuscripts evaluated in this review.

Technology
Plataform

Vaccine manufacturer

(name of vaccine)

Reference

mRNA

VM

Pfizer/BioNTech
BNT162b2

Khoury et al., 2021; Lustig et al., 2021;
Brisotto et al., 2021; Fujigaki et al., 2022;
Kim et al., 2021; Shields et al., 2021; Cassaniti
et al., 2022; Chivu-Economescu et al., 2022;
Demonbreun et al., 2021; Ibarrondo et al.,
2021; Samanovic et al., 2022; Goel et al.,
2021; Reynolds et al., 2021; Stamatatos et al.,
2021; Wei et al., 2021; Ebinger et al., 2021;
Bachelet et al., 2021; Duni et al., 2021; Jahn et
al., 2021; Schrezenmeier et al., 2021; Speer et
al., 2021; Weigert et al 2021; Anand et al.,
2021; Mahallawi, Ibrahim, Mumena 2021;
Figueiredo et al., 2021; Linardou et al., 2021;
Palaia et al., 2021; Gounant et al., 2022;
Shroff et al., 2021; Debska-Slizien et al., 2021;
Guarino et al., 2022; Redjoul et al., 2021;
Huang et al., 2022; Tylicki et al., 2021; Pifiana
et al., 2022; Huang et al., 2022; Massa et al.,
2021

Moderna
mRNA-1273

de la Monte et al., 2021; Tejedor Vaquero et
al., 2021; Demonbreun et al., 2021; Ibarrondo
et al., 2021; Goel et al., 2021; Stamatatos et
al., 2021; Anand et al., 2021; Figueiredo et al.,
2021; Linardou et al., 2021; Debska-Slizien et
al., 2021; Huang et al., 2022; Tylicki et al.,
2021; Pifana et al., 2022; Huang et al., 2022

Vetor viral

vaccine

AstraZeneca/Oxford
AZD1222(ChAdOx1)

Mishra et al., 2021; Choudhary et al., 2021;
Ibarrondo et al., 2021; Wei et al., 2021;
Mahallawi, Ibrahim, Mumena 2021; Linardou
et al., 2021; Pinana et al., 2022

Janssen (Johnson &

Johnson) Anand et al., 2021; Pifiana et al., 2022
Ad26.COV2
Cansiol Lol Hernandez-Bello et al., 2021
Ad5.nCOV °
Sinovac Bayram et al., 2021; Li et al., 2021; Fonseca et
CoronaVac al., 2022; Dinc et al., 2022
Sinopharm
BBIBP-CorV Lietal., 2021
WIBP-CorV
Bharat Biotech

BBV-152 (Covaxin)

Choudbhary et al., 2021
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vaccine responses are diminished in older adults due to immune
senescence (Cook, 2008; Fish, 2008; Klein et al., 2010). Here, we
explored whether sex and age influence the vaccine-induced SAR-
S-CoV-2 specific antibody response.

Bayram et al. (2021) showed that seropositivity was higher among
females (84.6%) than males (70.6%), after the first dose (1D) of Coro-
naVac. Moreover, Li et al. (2021) evaluated the effectiveness and
immunogenicity of the three inactivated COVID-19 vaccines currently in
use in China, namely “BBIBP-CorV”, “CoronaVac”, and “WIBP-CorV” in
which female participants had significantly higher concentrations of
SARS-CoV-2-specific Spike (S) IgG and neutralizing antibodies (NAbs)
than male participants. In addition, Fonseca et al. (2022) reported
higher seropositivity in females (90.5%) than males (79.4%) after 1D of
CoronaVac. Also, antibody levels were superior in females. The median
IgG level was 761.6 AU/mL in females and 626.6 AU/mL in males, after
1D, increasing to 1252 and 959.6 AU/mL, respectively, after the second
dose (2D). Choudhary et al. (2021) also observed a difference between
the genders in BBV-152 (COVAXIN) and Covishield vaccinated, but the
difference was not statistically significant. Sex-based differences in the
immune response can be explained by hormonal differences. Studies
have shown that several immune cells, such as B lymphocytes, contain
estrogen receptors regulated by estrogen levels (Kleina et al., 2015;
Mukherjee and Pahan, 2021). In fact, estrogen has been shown to pro-
mote immunoglobins production, while testosterone can inhibit it
(Ruggieri et al., 2016).

Regarding the influence of age, Bayram et al. (2021) reported sero-
positivity of 85.4%, 68.2%, and 37.5% among HCWs between 18-34
years, 35-59 years, and > 60 years, respectively, following 1D of Coro-
naVac. According to Li et al. (2021), no obvious correlations between
age and the concentrations of antibodies were observed after 2D. In
addition, Fonseca et al. (2022) described seropositivity of 92.5% in the
18-30 age group, 88.1% in the 31-50 age group, and 80.4% in the > 51
years group after 1D of CoronaVac. The median of IgG levels was 755.3
in the age group 18-30 years, 742.3 in the age group 31-50 years, and
459.9 AU/mL in the age group > 51 years, following 1D, increasing to
1197, 1213, and 1191, respectively, after 2D. They highlighted that the
participants > 51 years exhibited the lowest IgG anti-S titers, mainly
following 1D. However, the antibodies reached a level close to the others
age group, after 2D. Therefore, the results indicated the benefit of 2D for
older people.

Closely, age and sex-based immunological differences contribute to
variations in the immune response to mRNA vaccines. Khoury et al.
(2021) noticed that participants > 50 years vaccinated with BNT162b2
had lower antibody titers than patients < 30 years: mean titer 14786
+ 15471 AU/mL and 33660 + 20771 AU/mL, respectively. Moreover,
in the participants older, higher titers were seen in females than in
males: mean titer 24013 + 16684 and 8909 + 7674 AU/mL, respec-
tively. Additionally, Lustig et al. (2021) reported IgG concentrations
1.34-1.57 times higher in HCWs younger than 46 years vaccinated with
BNT162b2 when compared with older participants. Farther, the NAbs
titers were 2.23-3.92 times higher in the younger group. Moreover,
Brisotto et al. (2021) reported that IgG concentration negatively corre-
lated with age, with median values of 716.1 AU/mL for subjects < 30
years and 450.3 AU/mL for individuals > 60 years, but no difference in
the antibody titer between men and women was found. Finally, Fujigaki
et al. (2022) showed that the IgG titer of females (263.6 + 158.0 U/mL)
was significantly higher than that of males (209.9 £+ 137.6 U/mL), after
2D of BNT162b2. Also, they reported that in males, age correlated
negatively with IgG (r = — 0.410) responses to SARS-CoV-2 receptor--
binding domain (RBD) although antibody titer did not show a correla-
tion with age for females. According to Kim et al. (2022), no significant
difference in antibody levels between men and women was observed
after BNT162b2 vaccination, although the mean antibody level showed
a trend of rapid decrease in the older group over time, reinforcing the
importance of booster doses in this group. Regarding the Moderna
mRNA-1273 vaccine, de la Monte et al. (2021) observed no significant

150

Molecular Immunology 156 (2023) 148-155

association between IgG responses and sex or age.

Sex and age also can impact immune responses to viral vector-based
vaccines. Mishra et al. (2021) described that women have a 2.19-fold
rise in titer between 1D and 2D of AZD1222 vaccine compared to a
1.03-fold rise for men. However, six months after 2D, women exhibited a
faster decay in antibody levels at 53% compared to 12% for men.
Additionally, persons < 45 years had higher mean titer than people > 45
years at all time points evaluated. Further, Hernandez-Bello et al. (2021)
associated age with lower levels of NAbs in those vaccinated with the
viral vector vaccine Ad5.nCoV. In opposition, Choudhary et al. (2021)
observed no statistically significant difference in post-vaccination anti-
body production and its persistence across gender and age in AZD1222
recipients.

2.2. Previous SARS-CoV-2 infection

Most studies showed the benefit of vaccination in previously infected
people although the number of doses required and how this could be
modified by vaccine type is still unclear (Karachaliou et al., 2022).

Previously infected HCWs had higher antibody levels after 1D of
CoronaVac when compared with HCWs not previously infected. Fonseca
et al. (2022) reported that antibody titers were found five times higher
in those who had COVID-19 (1512 AU/mL) than those who did not
(303.6 AU/mL). Accordingly, Dinc et al. (2022) showed a median
antibody titer of 1331.2 AU/mL in participants with prior history of
COVID-19 and 48.4 AU/mL in the infection-naive group. Similarly,
Bayram et al. (2021) reported that antibody titers were found 3-4 times
higher in those who had COVID-19 than those who did not.

Interestingly, the 2D of CoronaVac did not increase the antibody
response in HCWs previously infected. According to Fonseca et al.
(2022), in the HCWs without previous COVID-19, IgG levels increased
3.5 times after the 2D in relation to 1D. However, in the group of HCWs
with previous COVID-19, an increase of anti-S IgG was not observed
after 2D. Likewise, Dinc et al. (2022) reported that the median antibody
titer was 48.4 AU/mL after 1D in the infection-naive group, which
increased to 707.1 AU/mL after 2D. While in participants with prior
history of COVID-19, the median antibody titer was 1331.2 and
1090.0 AU/mL, respectively. Thus, HCWs with a history of COVID-19
seem to reach a peak of antibodies already in the 1D (Fonseca et al.,
2022). Their previous infections served as a dose of antigen and the 1D
of vaccine as a booster dose (Purushotham et al., 2021).

Similarly, SARS-CoV-2 previously infected individuals developed
higher antibody titers to the mRNA vaccines than non-pre-exposed in-
dividuals. Shields et al. (2021) observed that antibody responses were
faster and of greater magnitude in HCWs previously exposed to the
SARS-CoV-2 after vaccination with a dose of BNT162b2 compared with
non-pre-exposed HCWs. Moreover, Cassaniti et al. (2022) reported
seropositivity in 100% of SARS-CoV-2 experienced subjects and in
96.1% of SARS-CoV-2 naive subjects, after 1D with BNT162b2. Also,
they related that all the SARS-CoV-2 naive subjects developed a positive
IgG anti-RBD response after 2D, although at significantly lower levels.
Additionally, Brisotto et al. (2021), detailed that among vaccinated with
two doses of BNT162b2, HCWs with previous SARS-CoV-2 infection
showed antibody median title of 1072.65 AU/mL, while HCWs without
previous infection showed antibody median title of 532.55 AU/mL, one
month after 2D. Among those vaccinated with two doses of mRNA-1273,
HCWs with and without previous SARS-CoV-2 infection showed anti-
body median titles 1813.4 and 736.95 AU/mL, respectively. Further,
Chivu-Economescu et al. (2022) described that the highest levels of
anti-S after BNT162b2 vaccination were observed in persons who had
prior infection.

Unlike naive individuals, COVID-19-recovered subjects did not
mount a recall antibody response upon the second vaccine dose of
mRNA. Tejedor Vaquero et al. (2021) showed that previously
SARS-CoV-2 infected individuals had a vigorous humoral response after
1D of mRNA-1273. However, 2D did not produce an increase in
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antibody titers. Likewise, Demonbreun et al. (2021), Ibarrondo et al.
(2021), and Samanovic et al. (2022) observed an increased viral
neutralization after 1D of BNT162b2 or mRNA-1273 in previously
SARS-CoV-2 infected participants while previously uninfected in-
dividuals showed a strong NAbs response only after two doses. Closely,
Goel et al. (2021), Reynolds et al. (2021), and Stamatatos et al. (2021)
showed that a single dose of BNT162b2 or mRNA-1273 in previously
infected persons induced a strong antibody response (Ibarrondo et al.,
2021). Additionally, Samanovic et al. (2022) pointed out those conva-
lescent individuals showed continuously higher levels of NAbs after 2D
of BNT162b2, while uninfected individuals showed no significant dif-
ference when compared to levels after the first immunization. According
to Torres-Estrella et al. (2022), the strong antibody response after 1D in
persons with a history of SARS-CoV-2 infection was a combination of
stimulation from natural infection and vaccination. Although, Ibarrondo
et al. (2021) highlighted that a single dose would not be sufficient to
generate a reliably effective immunological memory against the virus,
regardless of the history of infection before vaccination. Therefore, the
importance of completing the vaccination cycle for both groups is
emphasized.

Like inactivated virus and mRNA vaccines, Hernandez-Bello et al.
(2021) reported that 100% of individuals with prior COVID-19 devel-
oped NAbs after a single dose of Ad5-nCoV vaccine, a non-replicating
viral vector vaccine, against 7.4% of individuals without prior
COVID-19. Also, Mishra et al. (2021) showed that 2D of AZD1222
(ChAdOx1) did not boost the antibody levels of HCWs with a history of
COVID-19. They pointed out that the lack of increase in IgG titer is due
to the robust antibody response after a single dose of AZD1222 vaccine
in people previously infected (Ebinger et al., 2021; Wei et al., 2021).

2.3. Pre-existing diseases

Some people are immunocompromised because of a medical condi-
tion or a treatment for a disease. For this reason, this population has
reduced seroconversion to routine vaccines, compared to healthy con-
trols (Broeders et al., 2011; Buti et al., 1992; Peces et al., 1997; Soni
et al., 2013). Since immunocompromised patients were excluded from
vaccine registration trials, it is still unknown whether they would
elaborate a protective antibody response after vaccination. In the liter-
ature, the main studies with population immunocompromised involved
cancer, dialysis, and transplant patients, therefore, these groups were
approached in this section.

2.3.1. Cancer patients

Reduced humoral response to SARS-CoV-2 vaccines was reported in
cancer patients. According to Figueiredo et al. (2021), 22.6% of patients
did not seroconvert after 2D of the immunizers BNT162b2 or
mRNA-1273. Also, antibody levels were lower in patients with cancer
(solid tumors: median = 8581 AU/mL; hematologic cancer: median=
1128 AU/mL) compared to healthy controls (median = 11794 AU/mL).
Additionally, only 24% of patients with solid tumor and 17% of patients
with hematologic malignancy maintained high antibody levels 4-6
months following 2D. Accordingly, Linardou et al. (2021) demonstrated
a seropositivity rate of 90.5% in solid tumor cancer patients after
vaccination with BNT162b2, mRNA-1273, or AZD1222 and 98% in the
healthy group. In addition, the median of antibody titers was signifi-
cantly higher in controls than in cancer patients (2050 vs. 523 BAU/mL).
On the other hand, Palaia et al. (2021) reported no differences between
gynecologic cancer patients and healthy controls in terms of antibody
titers, one month after the vaccination with BNT162b2. Nonetheless,
there was a more rapid trend of reduction over time among cancer pa-
tients compared with healthy women, as their titers were significantly
lower after 3 months from vaccination. Gounant et al. (2022) evaluated
the humoral responses to the SARS-CoV-2 vaccine in patients with
thoracic cancer that mostly received BNT162b2. The median serum
anti-S IgG titers in the healthy control group were significantly higher
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than in the cancer group (10594 AU/mL versus 4725 AU/mL, respec-
tively), 6.3% of patients did not seroconvert (<50 AU/mL) and 11% had
low antibody titers (< 300 AU/mL) 14 days following 2D. Thereby,
patients with low or no antibody titers received a 3D and as a result, 92%
of these patients showed substantial increases in IgG anti-S antibodies.
Additionally, Shroff et al. (2021) described a threefold increase in Nabs
in patients with solid tumors following 3D of the BNT162b2 vaccine.
Thereby, 3D administration could contribute to adequate seroprotect in
patients who did not seroconvert after 2D.

Age, gender, and smoking habits were associated with a low or
negative response to COVID-19 vaccines in cancer patients. Gounant
et al. (2022) identified lowest immunization rate in octogenarian cancer
patients, after BNT162b2 vaccination. Similarly, Linardou et al. (2021)
observed that antibody titers were higher in patients < 50 years (median
value <50 years old = 1060 versus >50 = 491.5 BAU/mL), after
vaccination with BNT162b2, mRNA-1273 or the AZD1222. Addition-
ally, female patients presented higher antibody titers compared to males
(median value 665 versus 456 BAU/mL). Moreover, non-smoker cancer
patients showed higher antibody titers than smokers (value 632 versus
409.5 BAU/mL). In contrast, natural SARS-CoV-2 infection was a
stronger stimulus for the immune response to COVID-19 vaccines in
cancer patients. Gounant et al. (2022) observed that previously
COVID-19 infected patients showed the highest antibody titers after the
2D of BNT162b2.

Cancer type also influenced the immune responses of patients to
COVID-19 vaccination. In accordance with Linardou et al. (2021), pa-
tients with small-cell lung cancer (SCLC), colorectal and pancreatic
cancer had considerably lower antibody titers as opposed to patients
with breast or ovarian cancer, after vaccination with BNT162b2,
mRNA-1273 or the AZD1222. Also, the comparison of IgG antibodies
levels in the subgroup of patients with breast, non-small cell lung cancer,
SCLC, pancreatic, colorectal, and ovarian cancer showed a significant
difference among them, with ovarian cancer patients achieving the
highest median number of antibodies among all, and those with
pancreatic cancer the lowest (p = 0.041). Furthermore, Figueiredo et al.
(2021) described those patients with solid tumors achieved and sus-
tained higher levels of humoral response, following two doses of the
immunizers BNT162b2 or mRNA-1273, compared to those with hema-
tological malignancies (median = 8581 vs 1128 AU/mL, respectively).
In the hematologic malignancies group, multiple myeloma patients had
significantly lower antibody levels (median 794 AU/mL). One
explanation is that multiple myeloma is known to be one of the most
defective immune conditions among cancers (Pimpinelli et al., 2020)
since the dysfunctional tumor plasma cells and bone marrow microen-
vironment generate an immunosuppressive context characterized by
loss of effective antigen presentation, dysregulation of effector cells, and
expansion of immunosuppressive cells (Leone et al., 2020).

Cancer treatment can decrease humoral response post-COVID-19
vaccination. Gounant et (2022) associated long-term corticosteroids
use with the absence or low antibody levels in patients with thoracic
cancer after two doses of BNT162b2 vaccine. According to them, it can
probably be explained by either lower total T-cell and CD4 + T-
lymphocyte counts or T-cell-specific responses to S protein. Likewise,
Figueiredo et al. (2021) showed that in patients with solid tumors, those
on immune checkpoint inhibitors (ICI) therapy with or without
chemotherapy had lower antibody levels and decayed more rapidly
compared to those treated with chemotherapy alone or other therapies.
The authors observed that treatment with ICIs before to vaccine elimi-
nates vaccine-induced T-cell responses due to apoptosis of overactivated
T cells (Verma et al., 2019). Another relevant point is that although the
targeting of PD-1 in cancer by ICIs focuses primarily on its role in T
lymphocytes, PD-1 is also expressed in B lymphocytes and PD-1/PD-L1
signaling is a critical part of the immune response that can influence
antibody production (Good-Jacobson et al., 2010). Further, Figueiredo
et al. (2021) reported that patients with hematologic malignancies who
received B-cell therapies had lower IgG anti-S antibody titers compared
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to those who did not receive this treatment (Figueiredo et al., 2021).
Therapies targeting B cells may adversely affect antibody production in
response to SARS-CoV-2 vaccination due to the depletion of these cells
and/or disruption of their receptor signaling pathway (Ghione et al.,
2021). Figueiredo et al. (2021) reported still that the time between
vaccine administration and cancer treatments influenced the antibody
response following vaccination. Vaccination after four weeks from any
type of B-cell therapy generated higher antibody titers compared with
earlier vaccination. Also, a drop in antibody levels after 4-6 months of
vaccination was more pronounced among patients who were vaccinated
after starting ICI compared with before treatment (median = 278 vs.
median = 1327 AU/mL respectively). Perhaps this happens due to the
different pharmacokinetic of these two agents and the specific types of
immune cells targeted in the treatment. This information may help some
medical decisions about when to administer vaccines or boosters to
cancer patients.

2.3.2. Dialysis patients

The studies showed that most Dialysis patients (DP) were able to
produce an immune response after 2D of BNT162b2 vaccine. Bachelet
et al. (2021) reported that 94,3% of patients became seropositive for
SARS-CoV-2 anti-S IgG, 30 days after 2D. In addition, they demonstrated
that the adjunction of 3D increased the seropositivity to 98% (Bachelet
et al., 2021). Moreover, Duni et al. (2021) announced that 91.8% of DP
and 29.6% of kidney transplant recipients became seropositive, 2 weeks
after 2D. Likewise, Jahn et al. (2021) pointed out those two weeks after
2D, 93% of DP tested positive for SARS-CoV-2 IgG. Similarly, Schre-
zenmeier et al. (2021) described that 88.9% of DP developed
SARS-CoV-2 IgG after complete vaccination. Further, Speer et al. (2021)
reported that 95% of peritoneal dialysis patients, 88% of hemodialysis
patients, and 100% of healthy controls had detectable anti-S IgG, 12
weeks following two doses of vaccine. However, they detailed that the
anti-S level was significantly lower in hemodialysis patients compared
with peritoneal dialysis patients or healthy controls with a median of
7.0, 21.8 and 134.9 AU/mL, respectively (Speer et al., 2021). Finally,
Weigert et al. (2021) described 91% and 95% of seropositivity in he-
modialysis patients and controls, respectively, 21 days post-2D.

The antibody response to SARS-CoV-2 vaccination waned rapidly in
DP. Schrezenmeier et al. (2021) reported that the proportion of DP with
detectable IgG antibodies decreased from 88.9% to 84.37%, 10 weeks
after 2D of BNT162b2. Similarly, Weigert et al. (2021) observed a
reduction in anti-S levels only four months after 2D of BNT162b2 vac-
cine. They highlighted that IgG levels decreased even more approxi-
mately 5 months following 2D, increasing seronegativity from 9% to
> 30% (Weigert et al., 2021). Likewise, Anand et al. (2022) reported
that among vaccinated patients with mRNA-1273, BNT162b2 e Ad26.
COV2, an undetectable IgG response increased from 6.6% (range
14-30 days) after vaccination to 20.2% at 5-6 months after vaccination.
In addition, Speer et al. (2021) detailed those twelve weeks after 2D the
levels of Nabs significantly decreased from 87% to 79% in hemodialysis
patients and from 93% to 85% in peritoneal dialysis patients, respec-
tively. The fast decay of antibodies in DP can explain the number of
breakthrough infections higher in this group when compared to healthy
cohorts, as reported by Anand et al. (2022). Together, these data rein-
force the importance of conducting longitudinal studies on this DP after
COVID-19 vaccination.

Factors associated with a high or low response to COVID-19 immu-
nization in DP have been described. Bachelet et al. (2021) showed that
the immunocompromised status was associated with the absence of
seroconversion in DP vaccinated with BNT162b2. They also identified
age, nutritional status, chronic inflammation, and low lymphocyte count
with a low response to vaccine (IgG<500 AU/mL) (Bachelet et al.,
2021). Accordingly, Weigert et al. (2021) detailed lower antibody
response in participants < 70 years with immunosuppressive therapies
compared to controls, after 1D of BTN162b2. Moreover, Speer et al.
(2021) reported that older age negatively affected anti-S IgG
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concentration to BNT162b2. On the other hand, previous SARS-COV-2
infection was associated with high response (IgG>7000 AU/mL) to
vaccination (Bachelet et al., 2021).

Several studies have compared the antibody response across
different vaccines. In the work of Mahallawi Ibrahim Mumena (2021) it
was observed that the BNT162b2 vaccine was superior to ChAdOx1
(AstraZeneca) in maintaining higher anti-S IgG levels (0.41 + 0.94 vs
0.03 + 0.30, respectively) in DP. On the other hand, Anand et al. (2022)
analyzed the humoral response after complete vaccination in a cohort of
DP vaccinated with mRNA-1273, BNT162b2, and Ad26. COV2. This
study showed that those vaccinated with mRNA-1273 had higher mean
IgG levels and a lower proportion of subjects without an IgG response
than those receiving BNT162b2 due to the higher mRNA dose in the
mRNA1273 formulation (Anand et al., 2022). Regarding the Ad26.
COV2. S vaccine, Anand et al. (2022) noticed that a single dose did not
produce a detectable antibody response in more than half of the patients,
but the number of patients who received this vaccine was small.
Therefore, caution is suggested in the interpretations of response com-
parisons with this vaccine (Anand et al., 2022).

2.3.3. Transplant patients

Reduced humoral response to SARS-CoV-2 was reported in solid
organ recipients vaccinated with mRNA COVID-19 vaccines.
Debska-slizien et al. (2021)analyzed the antibody response in kidney
transplant recipients vaccinated with BNT162b2 or mRNA-1273
compared to volunteers without kidney disease, both without evi-
dence of previous COVID-19 infection. Seroconversion was seen in
51.41% of transplant recipients and in 100% of healthy volunteers, after
the 2D. Also, the median antibody titers of kidney transplant recipients
were eight times lower than healthy volunteers (De¢bska-slizien et al.,
2021). Similarly, Guarino et al. (2022) evaluated the immunogenicity of
the BNT162b2 vaccine in liver transplant recipients and healthy con-
trols, measuring IgG anti-S titers. After three months of the 2D, the
seroconversion rate was 75% in transplanted patients and 97.72% in the
control group. In addition, liver transplant recipients had statistically
lower titers than the control group.

Several factors were associated with a negative or low response to
mRNA COVID-19 vaccines in transplant patients. Debska-Slizien et al.
(2021) reported that the seroconversion rate in kidney transplant re-
cipients was higher among the younger patients aged (<54 years), with
the longest duration of transplantation (>8 years), treated with no more
than two immunosuppressants, without corticosteroids or mycopheno-
late mofetil/Na (MMF/MPS) treatment, and vaccinated with
mRNA-1273 vaccine. . Similarly, Guarino et al. (2022) pointed out that
older age (>40 years), shorter time from liver transplantation (<5
years), and immunosuppressive regimens with multiple drugs or with
antimetabolites were significantly associated with non-response to
vaccination (Guarino et al., 2022). Moreover, Pinana et al. (2022)
showed that among the recipients of allogeneic hematopoietic cell
transplantation (allo-HCT), vaccination within one year after trans-
plantation, the development of graft-versus-host disease (GVHD), and
lymphopenia (< 1 x 10°/mL) were factors related to low humoral
detection. Lymphopenia was also observed in another study as a risk
factor for an inadequate response after 2D of BNT162b2 vaccine for this
same group of patients (Redjoul et al., 2021). Furthermore, among the
recipients of autologous hematopoietic stem cells, patients diagnosed
with non-Hodgkin’s lymphoma and those on corticosteroid therapy
showed low antibody detections (Pinana et al., 2022). Similarly, Huang
et al. (2022) found a difference regarding the time interval between
transplantation and vaccination. Patients vaccinated with BNT162b2 or
mRNA-1273 whose transplantation occurred 3-6 months and
6-12 months prior to vaccination produced significantly lower antibody
titers than 12 months post-transplant patients and the healthy controls
group. In stratified analysis, allogeneic recipients older than 65 years, on
immunosuppression for prevention or treatment of acute GVHD and
those with relapsed disease also had low humoral immune responses to
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the vaccine. In contrast, the intensity of the conditioning regimen, un-
derlying disease (myeloid, lymphoid, or other leukemia), and the pres-
ence of chronic GVHD treatment had no impact on antibody levels.
Together, the studies pointed out age, the interval between the time of
transplantation and vaccination, and the use of corticoids as the main
factors that influenced the immune response post-COVID-19 vaccination
in transplant patients. As discussed earlier, aging is associated with
declines in adaptive and innate immunity (Crooke et al., 2019). The
negative correlation between shorter time from transplantation and
non-response to vaccination can be explained because of the higher level
of immunosuppression immediately post-transplant that is softened over
time, allowing the reconstitution of immunological capacity (Deb-
ska-Slizien et al., 2022; Guarino et al., 2022) and corticoids are immu-
nosuppressive agents.

COVID-19 mRNA vaccination after natural SARS-CoV-2 infection
was a stronger stimulus for the immune response in transplant patients.
Tylicki et al. (2021) showed a seroconversion rate of 100% in vaccinated
kidney transplant recipients previously infected with SARS-CoV-2
compared to 45.78% in recipients never infected, after 2D of
BNT162b2 or mRNA-1273. However, they detailed that decay of the
antibodies post-2D was faster in the previously infected group compared
to the non-infected group.

Antibody titers were higher in transplant recipients who received
mRNA-1273 when compared to BNT162b2 recipients. Debska-Slizien
et al. (2021) revealed that the seroconversion rates and the magnitude of
the antibody titer were significantly higher after 2D of the mRNA-1273
vaccine compared to BNT162b2. Similar findings were shown by Tylicki
et al. (2021) where after 3D, 66% of patients vaccinated with BNT162b2
and 82.6% of patients vaccinated with mRNA-1273 seroconverted with
a median anti-S titer of 384.5 and 1620 BAU/mL, respectively. As
mentioned before, one explanation for the higher mRNA-1273 vaccine
immunogenicity may be the three-times-higher dose of mRNA. Thus,
vaccines with a higher dose of mRNA can be the better choice in
immunocompromised individuals.

Administration of the third dose boosted the immune response to
SARS-CoV-2 in transplant recipients. Massa et al. (2021) and Tylicki
et al. (2021) evaluated the immunogenicity in kidney transplant re-
cipients that received three doses of the BNT162b2 vaccine. According
to Massa et al. (2021) the seroconversion rate increased of 44.3% after
2D to 62.3% after 3D. Also, the antibody levels boosted about 5-4 times,
and a better serum-neutralizing activity was observed following 3D.
Likewise, Tylicki et al. (2021) pointed out that fewer than 50% of
transplant patients showed any antibody-mediate response following
the primary vaccination. However, with 3D, seroconversion was
reached in almost half of the patients in whom the primary vaccination
failed. Further, antibody titers were 30% higher than that after 2D. It is
important to highlight that 37.7% of patients in the study by Massa et al.
(2021) and 21.42% of the study by Tylicki et al. (2021) remained
seronegative, even after 3D. This finding revealed the need for alter-
native strategies to improve COVID-19 immunization in this population.

3. Conclusion

The studies showed a negative correlation between age and immune
response after immunization. In most studies, females showed a more
robust immune response to COVID-19 vaccination than males. Prior
SARS-CoV-2 infection influenced positively the humoral response
induced by COVID-19 vaccines. Prior infected healthy individuals
already exhibited high antibody levels after the first dose. The second
dose of vaccines did not increase the antibody response on them. The
studies with immunosuppressed patients showed a reduced antibody
response to COVID-19 vaccination and the influence of additional fac-
tors in this response as therapy and timing of treatment relative to
vaccination. The benefits of the third dose in this population were
highlighted.
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