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a b s t r a c t 

Background: Vaccination against COVID-19 was implemented very quickly, but the emergence of new variants 
that can evade the previous acquired immunological protection highlights the importance of understanding the 
mechanisms involved in the immune response generated after SARS-CoV-2 infection or vaccination. 
Objectives: Since most of our knowledge on the humoral immunity generated against SARS-CoV-2 has been 
obtained from studies with infected patients before vaccination, our goal here was to evaluate seroconversion 
and its correlation with the titers of neutralizing antibodies (NAbs) in individuals who received the complete 
initial recommended vaccination schedule with three different vaccines. 
Study design: We analyzed serum IgG, IgA and total NAbs against the trimeric SARS-CoV-2 Spike (S) protein or its 
receptor binding domain (RBD) in blood samples collected from 118 healthy individuals without known previous 
infection, before and after receiving the first and the second dose of CoronaVac ( n = 18), ChAdOx-1 ( n = 68) or 
BNT162b2 ( n = 32) vaccines. 
Results: We found that although IgG titers were high in all sera collected after the two doses of these vaccines, 
NAbs amounts varies among the groups. In contrast, serum NAbs concentrations were much more comparable to 
the IgA levels, indicating that these antibodies would have a major neutralizing capacity against SARS-CoV-2. 
Conclusions: Altogether our data suggest that quantification of serum anti-S or anti-RBD IgA, rather than IgG, 
may be a valuable tool to screen NAbs and may be considered for surveillance of vaccine coverage. 
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. Background 

The lack of effective treatments for COVID-19 control led to the rapid
evelopment of several types of immunizing agents against SARS-CoV-2
arly in the pandemic [1] . In April 2022, ten different vaccines were ap-
roved for large scale immunization worldwide [2] and currently 199
accine candidates are in the preclinical phase and 172 in clinical devel-
pment [3] . Presently, about 68% of the world’s population received at
east one vaccine dose [4] , but there are still many challenges to achieve
 full protection against the disease and/or infection, including the de-
elopment of strategies to induce long-term immunization and protec-
ion against new variants [ 5 , 6 ]. 

The quantification of serum antibodies (Abs), usually IgG, is an im-
ortant tool for monitoring infection [7] and vaccination coverage [8] ,
ut not all Abs induced by the immunizing agent are neutralizing anti-
odies (NAbs) [9] . Thus, NAbs’ quantification represents the most ap-
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ropriate way to verify the humoral protection against infection [10] ,
ut the assay costs make them inconvenient for serological surveillance.

. Study design 

We analyzed NAbs and IgG and IgA responses against SARS-
oV-2 Spike (S) protein or its receptor binding domain (RBD) in
 cohort of 118 healthy individuals before and after receiving the
rst and the second doses of either CoronaVac ( n = 18), ChAdOx-1
 n = 68) or BNT162b2 ( n = 32) vaccines. A total of 250 blood sam-
les were collected 15 to 30 days before vaccination (T0), 15 to 20
ays after the first dose (T1), and/or 15 to 60 days after the sec-
nd dose (T2) of each vaccine, according to the scheme represented
n Fig. 1 . The participants completed an informed consent form and
nswered a survey providing data on demographics, medical history,
nd vaccine information, approved by the local ethics committees (CEP
pprovals HUCFF/UFRJ #35,303,120.5.0000.5257 and IOC/Fiocruz
vember 2022 
ticle under the CC BY-NC-ND license 
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Abbreviations 

S Spike protein; 
RBD receptor binding domain; 
Abs antibodies; 
NAbs neutralizing antibodies; 
ELISA Enzyme-Linked Immunosorbent Assay. 

AAE #56246022.1.0000.5248). Participants with previous SARS-CoV-
 infection were excluded. 

We quantified IgG and IgA antibodies against the S and RBD pro-
eins (Wuhan strain) in all sera samples at T0, T1 and T2, using an in-
ouse ELISA assay previously developed and validated by our group
11] , and NAbs concentration in T2 using the immunoenzimatic Gen-
cript cPass TM SARS-CoV-2 assay. Demographic information of the par-
icipants is shown in Table 1 . 

. Results 

After the complete initial recommended vaccination schedule (two
oses; T2), the three vaccines induced high anti-S ( Fig. 2 A,F,K) and anti-
BD ( Fig. 2 B,G,L) IgG titers. Individuals vaccinated with ChAdOx-1 and
NT162b2 also presented high levels of anti-S IgG after the first dose
ig. 1. Diagram representing the blood collection scheme. A total of 250 bloo
accination (T0), 15 to 20 days after receiving the first dose (T1), and/or 15 to 60 day
 n = 68) or BNT162b2 ( n = 32) vaccines. It is important to consider that not all partic
accinated with CoronaVac received the second dose 28 days after receiving the first 
ose 90 days after the first dose, according to the immunization protocols adopted b
022 in the Laboratório de Análises Clínicas of the Faculdade de Farmácia at the Un
 Fisiologia das Infecções Virais of the Instituto Oswaldo Cruz. All samples were hea
nalysis. 

Table 1 

| Subject demographics and clinical characteristics. 

Characteristics CoronaVac (

Age, average (range) 38 (22 - 60) 
Sex,% 

(n) 

Female 89 (16) 
Male 11 (2) 

Comorbidities,% (n) Diabetes mellitus 0 
Hypertension 5.5 (1) 
Lung diseases 0 
Autoimmune disease 0 
Other comorbidities 5.5 (1) 

2 
T1) ( Fig. 2 F,K). Regarding IgA response, we observed that CoronaVac
id not induce a significant increase in either anti-S or anti-RBD IgA,
ven after the second dose ( Fig. 2 C,D), while some of participants vac-
inated with ChAdOx-1 presented anti-S and anti-RBD IgA reactivity in
2 ( Fig. 2 H,I). BNT162b2 vaccine induced high anti-S IgA titers even in
he T1, with a remarkable increase after the second dose (T2). In this
ase the anti-S IgA, the titers were slightly higher than those of anti-RBD
gA ( Fig. 2 M,N). Variations in our sample regarding the time span upon
accination (15 to 60 days after T2), the age range of the participants
from 18 to 60 years) or the difference in the ratio of females and males
or the three vaccination regiments did not affect the serum Abs profile.
Suppl. Fig. 1 ). 

To better understand whether the different antibody responses gen-
rated by the vaccines could be associated with the protection they pro-
ide, we evaluated the percentage of NAbs in T2. On average, high NAbs’
evels were found in participants who received the BNT162b2 (1086.4
I/ml), while lower levels were observed in individuals who received
hAdOx-1 (439.5 UI/ml) and even lower for CoronaVac (162.2 UI/ml)
 Fig. 2 E,J,O). NAbs levels were not affected by demographic aspects
uch as sex, age and presence of previous comorbidities (Suppl. Fig. 2 ).

Although the three vaccines induced high levels of IgG, serum NAbs
oncentrations were much more comparable to the IgA levels (Suppl.
ig. 3). When the individuals showing high IgG titers were grouped ac-
ording to their NAbs levels, they appear equally distributed among the
roups. In contrast, most of the individuals with high IgA titers exhib-
d samples were collected from 118 healthy individuals 15 to 30 days before 
s after receiving the second dose (T2) of either CoronaVac ( n = 18), ChAdOx-1 

ipants underwent the three blood collections. We highlight that the participants 
dose, while those vaccinated with ChAdOx-1 or BNT162b2 received the second 
y the Brazilian Ministry of Health. Blood samples were collected from 2020 to 
iversidade Federal do Rio de Janeiro and in the Laboratório de Biotecnologia 

t-inactivated at 56 °C for 30 min, aliquoted, and stored at − 80 °C until further 

 n = 18) ChAdOx-1 ( n = 68) BTN162b2 ( n = 32) 

34 (22–58) 39 (21 - 60) 
72 (49) 56 (18) 
28 (19) 44 (14) 
4.4 (3) 3.1 (1) 
8.8 (6) 12.5 (4) 
4.4 (3) 3.1 (1) 
5.8 (4) 0 
2.9 (2) 3.1 (1) 
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Fig. 2. Serum antibody levels before and after vaccination. Serum samples from subjects who received CoronaVac (A-E), ChAdOx-1 (F-J), or BNT162b2 (K-O) 
vaccines were analyzed 15 to 30 days before vaccination (T0); 15 to 20 days after receiving the first dose of one vaccine (T1); and 15 to 60 days after receiving the 
second vaccine dose (T2). Reactivity of IgG (A, B, F, G, K, L – red symbols) or IgA (C, D, H, I, M, N – blue symbols) against S (A, C, F, H, K, M)) and RBD (B, D, G, I, L, 
N) of SARS-CoV-2 (Wuhan strain) was analyzed by ELISA. Briefly, sera samples diluted 1:50 in a 1% BSA solution in PBS-T were incubated for 2 h in 96 well-plates 
previously coated overnight, at 4 °C, with each of the antigens (50 𝜇l of a 4 𝜇g/ml solution), and blocked for 1 h with 3% BSA in PBS-T. The samples were incubated 
for 1 h with the detection antibodies (pan anti-IgG or pan anti-IgA, which recognizes all Ig isotypes) and reactivity was quantified spectrophotometrically at 450 nm 

after the addition of the chromogenic substrate (3,3 ′ ,5,5 ′ -tetramethylbenzidine dihydrochloride, TMB). The gray band in the graphs represents the cut-off of each 
analysis, calculated as the mean + 3 SD of the absorbance values of 42 pre-pandemic sera. Semi-quantification of NAbs (E, J, O – dark gray symbols) was conducted 
using the cPass TM kit (GenScript). The NAbs titers were determined using a calibrator based on a standard neutralizing curve (WHO-GenScript). The inhibition rate 
of RBD binding to the ACE2 was the product of the interpolated titer from the standard curve and the sample dilution factor required to achieve the OD 450 value 
that falls within the linear range. NAbs’ titers were significantly different between CoronaVac x ChAdOx-1 ( p = 0.0026), CoronaVac x BNT162b2 ( p < 0.0001) or 
ChAdOx-1 x BNT162b2 ( p < 0.0001). Data were analyzed using ANOVA test followed by Sidak test using the GraphPad Prism V.8 program. 
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ted high (60%) NAbs levels, while 32% presented medium and only
 marginal group (8%) presented low NAbs levels. In the IgA negative
roup, in turn, only 5% individuals presented high NAbs levels. These
esults suggest that individuals having high IgA levels are more likely
o have also more NAbs. 

. Discussion 

Vaccination against SARS-CoV-2 was implemented very quickly, but
ost of our knowledge on the humoral immunity against the virus has

een obtained with infected patients before vaccination. These studies
howed that the post-infection levels of IgG and IgM produced against S
nd N (nucleocapsid) proteins waned in a few months [12–15] . On the
ther hand, the dynamics of serum IgA against SARS-CoV-2 proteins
re still poorly understood. Some studies showed a long-term decay of
gA titers [ 16 , 17 ], but more recent studies with vaccinated individuals
howed that both serum IgA and IgG waned in a short period [18–20] .
3 
s IgA is the predominant serum immunoglobulin at the onset of disease
nd its titers correlated with the disease severity [21] , it is reasonable
o hypothesize that it plays a role in the infection control. Furthermore,
gAs produced in the mucosa are potent NAbs that efficiently stop SARS-
oV-2 infection [22] . 

NAbs produced after infection or vaccination are essential for pro-
ection against new infections [ 23 , 9 ]. During SARS-CoV-2 infection, the
ajority neutralizing antibodies are produced against RBD [24] , sug-

esting these antibodies as the choice for serological surveillance [25] .
owever, a recent study showed that plasma IgA from > 60% of a co-
ort of early convalescent COVID-19 subjects inhibited the interaction
etween RBD and ACE2 [26] . Therefore, monitoring the serum IgA re-
ponse in the context of vaccination is critical to address its protec-
ive role in the polyclonal antibody response. Accordingly, our study
hows a high correspondence between NAbs levels and the IgA re-
ponse after two doses of SARS-CoV-2 vaccines, particularly ChAdOx-
 or BNT162b2. CoronaVac did not induce anti-S or anti-RBD IgA and
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enerated low NAbs titers. However, the importance of the cellular im-
une response should also be considered [ 27 , 28 ], as data from subjects

accinated with CoronaVac confirmed its safety and efficacy [29] . In-
eed, its use in the pandemic early stages offered good protection against
einfection, even before the booster dose [ 30 , 31 ]. Moreover, the high
evel of serum IgG generated by CoronaVac could mediate the antibody-
ependent phagocytosis, contributing to the virus clearance [26] . 

The immune response generated by ChAdOx-1 [32] and especially
y BNT162b2 [33] has been shown to be quite effective in produc-
ng NAbs, corroborating the data presented here. Moreover, we showed
hat despite the high S and RBD-specific IgG production induced for all
hree vaccines, the levels of this immunoglobulin did not correlate to
he NAbs. Nonetheless, it is important to note that we used here a high
ensitivity ELISA, which allows most samples to be classified far above
he cutoff. In addition, the cPass kit does not quantify all neutralizing
ntibodies, only those capable of binding and inhibit the interaction be-
ween RBD and ACE2. 

In summary, our data showed that the serum IgA profile in vacci-
ated subjects is very similar to that of NAbs, which agrees with find-
ngs highlighting the robust IgA neutralizing capacity after infection by
ARS-CoV-2 [ 34 , 35 ]. In conclusion, we suggest that quantification of
erum anti-S or anti-RBD IgA, rather than IgG, may be a valuable tool
o screen NAbs and may be considered for surveillance of vaccine cov-
rage. 
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