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ABSTRACT A third vaccine dose against COVID-19 is already a reality in some coun-
tries around the world. In this study, we aimed to evaluate the effectiveness of the
Brazilian immunization policy for COVID-19, which involves a booster shot. Participants
(n = 210) provided serum samples, which were subjected to enzyme-linked immunosor-
bent assay (ELISA). Immunological profiles were defined as individuals with or without
previous SARS-CoV-2 infection who received at least one vaccine dose in the immuniza-
tion regimens of AstraZeneca, CoronaVac, or CoronaVac plus a booster shot with Pfizer.
In addition, nonvaccinated/infected individuals were also included. As main results, we
observed that the numbers of infected individuals were significantly reduced among
those who were vaccinated, even with one dose. This result indicates that vaccines are
highly protective against COVID-19. However, we observed a significant tendency of se-
rum level decreases of specific antibodies over the time after the second dose. In con-
trast, the booster shot with the Pfizer vaccine after a CoronaVac immunization regimen
showed a significant increase in the specific SARS-CoV-2 IgG serum levels. Moreover, we
found that vaccination induced a significantly higher humoral immunological status
than only the natural infection with SARS-CoV-2. Collectively, results presented here indi-
cate that vaccines are necessary to induce a robust immunological status, which is
maintained, restored, or even improved by booster shots.

IMPORTANCE COVID-19 continues to spread around the world despite significant pro-
gress in vaccine distribution and population immunity. The dynamics of the antiviral
antibody response postvaccination is critical to evaluate vaccine effectiveness across
different vaccine platforms and over time. In this study, we evaluate the serum levels
of antiviral antibodies in patients from Brazil that received either the CoronaVac or
the AstraZeneca vaccine. We found that antibody levels wane over time, vaccines
induce protective immunity, and humoral immunity is enhanced with a third vaccine
dose. This study reveals that the COVID-19 humoral immunological status induced
by vaccines significantly benefits from a booster shot.
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the causative agent
of the coronavirus disease 2019 (COVID-19) (1, 2). It became a worldwide major

public health problem in the last years. More than 500 million cases with nearly 6.8 mil-
lion deaths have been attributed to COVID-19 since its initial report in late 2019 (3).
Vaccines are being shown as essential in the control of COVID-19 worldwide (4, 5).
However, it is necessary to follow up immunity longevity, specificity, and effectiveness
in a real-time manner in order to guide the best possible immunization policies,
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especially in this scenario of frequent emergence of SARS-CoV-2 variants of concern
(VOC) (6, 7).

A third vaccine against COVID-19 is already a reality in some countries around the
world, such as the United States, Russia, Turkey, Chile, Uruguay, Israel, and Brazil (8–10).
In this last country, the vaccination campaign started on January 2021, and AstraZeneca
(AZD1222 or ChAdOx1-S) and CoronaVac (Sinovac-CoronaVac COVID-19 vaccine) vaccine
formulations were the most widely used (11). CoronaVac is based on a purified inacti-
vated virus (12), while AstraZeneca is based on an adenovirus-vector encoding the spike
protein of SARS-CoV-2 (10, 13), the causative virus of COVID-19. Immunization regimens
of AstraZeneca and CoronaVac are composed of two doses, 90 and 28 days apart,
respectively (10, 12). In November 2021, the Brazilian Ministry of Health recommended a
booster dose with the Pfizer (BNT126b2) COVID-19 vaccine (RNA-based vaccine) (14, 15)
for people over 18 years old at least 5 months after the second dose (9). The effective-
ness of this immunization policy for COVID-19 remains to be elucidated. In this study, we
aimed to evaluate the effectiveness of the Brazilian immunization policy for COVID-19.

RESULTS
Vaccines are highly protective. We first asked in our cross-sectional study if vac-

cines were, in fact, protective in the population studied. As shown in Fig. 1A, we
observed that the numbers of infected individuals were significantly reduced among
those who were vaccinated, even with one dose (Fig. 1A). In contrast, there was a
much higher proportion of individuals infected who did not receive any dose of vac-
cine (Fig. 1B). We observed individuals with COVID-19 history after the first vaccine
dose (during the immunization regimen) or after the second vaccine dose (after the im-
munization regimen). However, vaccines significantly reduced the proportions of
COVID-19 history in the population studied. This result indicates that vaccines are
highly protective against COVID-19.

Antibody serum levels wane over time. Although we found that vaccines are
highly protective, we asked if the immunological status, represented here by specific
antibody serum levels, would be maintained over time. We observed a significant tend-
ency of decreasing antiviral antibody serum levels over the time after the second dose
in our cross-sectional study population. Equivalent tendencies were observed for both
the CoronaVac (Fig. 2A) and AstraZeneca (Fig. 2B) vaccine formulations. These results
indicate that serum levels of specific antibodies to SARS-CoV-2 nucleoprotein and spike

FIG 1 (A) Total numbers of infections with SARS-CoV-2 before, during, and after the immunization regimens were
subjected to a Chi-square analysis. The numbers of infected individuals were significantly reduced (P # 0.05). (B)
Proportions of infections with SARS-CoV-2 before (22.77%), during (2.47%), and after the immunization (2.47%) among
those who were vaccinated. The number of positive patients (n = 56) corresponds to 27.72% of the total of
individuals who received at least one dose of vaccine (n = 202). Among these, 46 individuals (22.77%) had the
infection before being vaccinated. In addition, five individuals (2.47%) had the disease between (after the first vaccine
dose), and five individuals (2.47%) had COVID-19 after the second vaccine dose.
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protein which were elicited by vaccines wane over time and are relevantly reduced 4
to 6 months after the second vaccine dose.

A booster shot with the Pfizer COVID-19 vaccine restores humoral immunological
status.We aimed to understand if the immunization policy involving a third shot with the
Pfizer vaccine would be plausible. As shown in Fig. 3, we found that the booster shot with
the Pfizer vaccine after a CoronaVac immunization regimen significantly increased the
SARS-CoV-2-specific IgG serum levels in comparison with those serum levels found 4 to
6 months or more after the second vaccine dose (see Table 1 for statistical details). The
booster shot after the CoronaVac regimen also increased the antiviral antibody serum levels
in comparison with those found 4 to 6 months after two doses of AstraZeneca vaccine (Fig.
3). These results indicate that the third vaccine dose recommended by Brazilian authorities
restores a high antiviral antibody serum level after its decrease.

The immunological status conferred by vaccines is better than that elicited by
SARS-CoV-2 infection. We finally asked which immunization confers the higher antiviral
antibody serum level: vaccines or infection with SARS-CoV-2? As shown in Fig. 4, we found
that vaccination induced a significantly higher antiviral antibody serum level (vaccinated)
than only the natural infection with SARS-CoV-2 (nonvaccinated). This result indicates that
vaccination is necessary to induce a higher immunological status. Infection with SARS-
CoV-2 does not guarantee the best immunological status. Moreover, people should be
vaccinated even after getting COVID-19. Collectively, results presented here indicate that
vaccines are necessary to induce a robust immunological status, which is maintained,
restored, or even improved by booster shots.

FIG 2 Serum levels of antiviral antibodies wane over time after the second vaccine dose. (A and B)
Fluctuations over time of specific antibody serum levels (shown as optical densities) elicited by
CoronaVac (A) and AstraZeneca (B) vaccines were subjected to a correlation analysis. Significant
tendencies of serum level decreases of specific antibodies over the time after the second dose (0 to
3, 4 to 6, 7 to 9, and 10 to 12 months) were observed (P # 0.05; r , 0). The y axis shows absorbance
as optical density (OD) values. The x axis shows the time after last dose in which the sample was
obtained. Both r and P values are shown in the figure.

FIG 3 Serum levels of specific antibodies (represented as optical densities [OD]) found after immunization
regimens were compared by analysis of variance (ANOVA) followed by Bonferroni multiple-comparison
test. The y axis shows immunization regimens, and the respective time after last dose is shown in months
by numbers (0 to 3, 4 to 6, 7 to 9, and 10 to 12 months). The x axis shows absorbance as optical density
values. Significance was set as P # 0.05. *, P # 0.05; **, P # 0.01; ***, P # 0.001; ****, P # 0.0001.
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DISCUSSION

Vaccines represent the most effective strategy of COVID-19 control worldwide (4, 5).
However, in this scenario of frequent emergence of SARS-CoV-2 variants of concern
(VOC) it is necessary to follow up immunity longevity and effectiveness in a real-time
manner in order to guide the best possible immunization policies. In this study, we
aimed to evaluate the effectiveness of the Brazilian immunization policy for COVID-19,
which involves booster shots in order to keep a high serum level of antiviral antibodies.
Here, we evaluated serum samples of individuals with or without previous SARS-CoV-2
infection who received at least one vaccine dose in the COVID-19 vaccination regimens
of AstraZeneca, CoronaVac, or CoronaVac plus booster shot with Pfizer. In addition,
nonvaccinated/infected individuals were also included.

The statistical significances shown in our results clearly indicate that (i) the vaccines
used in Brazil are highly protective against COVID-19, (ii) there is a tendency toward a
decrease of the serum levels of antiviral antibodies over time after conclusion of the im-
munization regimen, and (iii) the booster policy is right because the COVID-19 humoral
immunological status significantly benefits from it. This is an expected outcome, as
observed for other diseases which are preventable by vaccines. The surprise is that the
immunological status is relevantly decreased with remarkable speed, only 4 to 6 months
after the second dose with both the CoronaVac and AstraZeneca regimens. It is expected
that vaccines based on inactivated viral particles, such as CoronaVac, induce immune
responses with low longevity. However, the AstraZeneca COVID-19 vaccine also induced
an immune response of low longevity regarding serum levels of antiviral antibodies. It
was recently reported that COVID-19 vaccines based on mRNA and viral vectors carrying
the spike protein gene induce immunological T cell memory able to cross-recognize var-
iants from Alpha to Omicron (16). In contrast to our results involving humoral immunity,
the authors found active memory T cells 6 months postvaccination.

TABLE 1 Results and P values of analysis of variance (ANOVA) followed by Bonferroni multiple-comparison test to compare serum levels of
antiviral antibodies found after immunization regimens at different time pointsa

Immunization regimens CoronaVac 0–3 CoronaVac 4–6 CoronaVac 7–9 CoronaVac 10–12 AstraZeneca 0–3 AstraZeneca 4–6
CoronaVac 4–6 NS
CoronaVac 7–9 P, 0.05 NS
CoronaVac 10–12 NS NS NS
AstraZeneca 0–3 NS P, 0.05 P, 0.0001 P, 0.001
AstraZeneca 4–6 NS NS NS NS P, 0.001
CoronaVac1 booster NS P, 0.001 P, 0.0001 P, 0.0001 NS P, 0.0001
aNumbers indicate the range of months after immunization regimen. NS, nonsignificant.

FIG 4 Vaccination induces significantly higher serum levels of antiviral antibodies than only natural
infection with SARS-CoV-2. Serum levels of specific antibodies in vaccinated and nonvaccinated
individuals were compared by Student’s t test. We had a total of 202 vaccinated individuals and 8
nonvaccinated individuals in this study. Statistical significance was set as P # 0.05. The y axis shows
absorbance as optical density (OD) values.
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It is important to highlight that at the time of the beginning of this study, the
Brazilian policy for COVID-19 immunization was to recommend a booster shot only
for people over 70 years old, immunocompromised people, and health care workers
(8). We also highlight that at the time of this study, people who received two doses
of the AstraZeneca vaccine formulation did not receive the booster dose. The group
of nonvaccinated/infected individuals was composed of teenagers because most of
the adults had received at least one vaccine dose at the time of this study. In addi-
tion, a cross-sectional survey may generate limited conclusions in comparison to a
longitudinal one. Moreover, the sample size and the lack of evaluations regarding
neutralizing antibodies and the T cell-mediated immune response are also limitations
that must be informed. Nevertheless, we show with very clear statistical significance
that vaccines are necessary to induce a robust immunological status, which is main-
tained, restored, or even improved by booster shots. Of course, further studies will
certainly be necessary to better understand the longevity of immune responses
induced by these vaccines. Moreover, further studies will be necessary to determine
if booster shots will be required every 4 to 6 months, in order to avoid a possible
decrease of the immune status of populations and an increase in the risk of new
waves of COVID-19.

MATERIALS ANDMETHODS
Study design. The cross-sectional study population consisted of 210 individuals (63 males and 147

females, ages ranging from 13 to 66 years old) from Barreiras (Bahia, Brazil), enrolled from September 2021
to November 2021. Immunological profiles were defined as individuals with (n = 46) or without (n = 146)
previous SARS-CoV-2 infection who received at least one vaccine dose in the immunization regimens of
AstraZeneca (one dose, n = 6; two doses, n = 63), CoronaVac (one dose, n = 4; two doses, n = 24) or
CoronaVac plus booster shot with Pfizer (booster shot given at least 6 months after the second CoronaVac
dose, n = 49). In addition, nonvaccinated/infected individuals were also included 15 to 22 days post-symp-
tom onset. We computed the numbers of individuals who had COVID-19 between the first and second
vaccine doses (n = 5) and after the second dose (n = 5). COVID-19 history was based on experimental vali-
dation by reverse transcriptase quantitative PCR (RT-qPCR), using a previously described CDC method (17),
and on validated records of local public health authorities. Participants provided serum samples, which
were subjected to enzyme-linked immunosorbent assay (ELISA). Participants who received two doses of
vaccine were grouped according to time after the second dose at the moment of serum sampling—
CoronaVac 0 to 3 months (n = 4); CoronaVac 4 to 6 months (n = 2); CoronaVac 7 to 9 months (n = 15);
CoronaVac 10 to 12 months (n = 3); AstraZeneca 0 to 3 months (n = 55); AstraZeneca 4 to 6 months
(n = 8). In addition, participants provided information validated by local health authorities regarding their
immunization history and contact with SARS-CoV-2. All the research complied with all relevant ethical and
biosafety guidelines. Ethics approval was obtained from the institutional ethics committee of the Federal
University of Western Bahia (CAAE 40779420.6.0000.8060). All procedures and possible risks were
explained to the volunteers.

ELISA. Serum samples were analyzed using the EIE COVID-19 IgG N/S kit (Bio-Manguinhos, Fiocruz,
Rio de Janeiro, Brazil), according to the manufacturer’s instructions. The serum levels of antibodies spe-
cific to SARS-CoV-2 were defined according to optical density values. In brief, enzyme-linked immuno-
sorbent assay (ELISA) with solid-phase bound nucleoprotein (N) and spike (S) recombinant antigens was
carried out with volunteers’ serum samples. Kit controls and samples were added to wells after dilution
(1:101) with kit diluent. After 30 min at 37°C, plates were washed five times with kit washing buffer. Kit
conjugated and previously diluted at 1:100 was added to wells. After 30 min at 37°C, plates were again
washed five times, and reactions were developed by adding kit developing solution to the wells. After
10 min, reactions were stopped with 2 M H2SO4. Reactions were measured at A 450 nm.

Ethics statement. Ethics approval was obtained from the institutional review board (ethics commit-
tee) (CAAE 40779420.6.0000.8060) of the Universidade Federal do Oeste da Bahia. Samples were col-
lected only after volunteers gave written informed consents.

Statistical analyses. The numbers of infection with SARS-CoV-2 before, during, and after the immu-
nization regimens were analyzed by Chi-square. Fluctuations in values of specific antibody serum levels
over time were subjected to correlation analyses. Serum levels of specific antibodies found after immuni-
zation regimens were compared by analysis of variance (ANOVA) followed by the Bonferroni multiple-
comparison test. In addition, serum levels of specific antibodies in vaccinated and nonvaccinated indi-
viduals were compared by Student’s t test. Statistical significance was set as P# 0.05.

Data availability. Data will be provided upon request.
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