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BACKGROUND In response to the coronavirus disease 2019 (Covid-19) pandemic, Brazil authorised the Astra Zeneca/Fiocruz 
vaccine in January 2021. As the Delta variant emerged in May 2021, interval between vaccine doses was adjusted. By September 
2021, the Brazilian National Immunisation Program recommended a booster dose for individuals over 70, and later expanded the 
recommendation to all adults.

OBJECTIVES Assess the equivalence of IgG antibody response against the Covid-19 S protein before and approximately 28 days 
after the third dose of a Covid-19 recombinant vaccine. Two groups received initial two doses with intervals of eight and 12 weeks.

METHODS This is a phase IV clinical study, uncontrolled, non-randomised. The study proposes calculating the ratio of geometric 
means titres (GMT) 28 days after the third dose, with a target ratio of confidence interval (CI) between 0.77 and 1.3.

FINDINGS In the primary endpoint, there was no equivalence between the eight- and 12-week intervals with a slight variation 
favouring the eight-week group. Post-third dose, both groups showed increases titres at 28 days, three months, six months and 12 
months. Both groups responded similarly to Delta and Omicron BA.1, with a more significant increase for Delta.

MAIN CONCLUSIONS The study showed strong and consistent immune response in all age groups receiving the Covid-19 
recombinant vaccine. Third dose elicited an increase in GMT by at least three times aligned with Ministry of Health strategies 
emphasising Bio-Manguinhos crucial role in pandemic control in the country.
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The World Health Organization (WHO) officially 
declared the onset of the coronavirus disease 2019 (Co-
vid-19) pandemic in March 2020. In Brazil, the licensing 
of two vaccines occurred in January 2021. The Astra Ze-
neca/Fiocruz vaccine, administered in a 0.5 mL dosage, 
exhibited a commendable overall efficacy, particularly in 
avoiding severe cases. Safety assessments were founded 
on data reported from a cohort of 12.282 vaccinated indi-
viduals, showing mild to moderate adverse reactions. The 

pre-registration efficacy stood 66.7%, and immunogenic-
ity studies revealed a seroconversion rate exceeding 98% 
after the initial dose.(1)

In May 2021, the emergence of the Delta variant 
prompted certain countries to curtail the interval be-
tween vaccine doses.(2) Subsequently, in September 2021, 
the Ministry of Health in Brazil recommended a supple-
mentary booster dose for individuals over 70 years old, 
to be administered 28 days following the completion of 
the primary vaccination schedule.(3) By November, the 
availability of booster doses was extended to encompass 
all individuals aged 18 and older.(4)

The Ministry of Health advised a preference for 
mRNA vaccines or, alternatively, viral vector vaccines 
for booster doses. In December 2021, the recommended 
interval for the booster dose was reduced to four months 
after the conclusion of the primary vaccination series.(5) 
Studies suggested that the immune response decreases 
over a six-month period with intervals between vac-
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cine doses of eight-12 weeks compared to those of 15-
25 weeks.(6) Nevertheless, even up to 200 days after 
the second dose, IgG Anti-S antibodies persist at levels 
surpassing those observed prior to the second dose, de-
spite lower with intervals of eight-12 weeks compared to 
those of 15-25 weeks.

The same study investigated the immunogenic re-
sponse of 75 participants who received a third dose of 
the ChAdOx1 nCoV-19 vaccine 28 days after their sec-
ond dose. Results suggest a heightened immunogenic 
response compared to the second dose, with increased 
levels of neutralising antibodies against the alpha, beta 
and delta variants 28 days post the third dose.

As the end of December 2023, 518.977.927 doses of 
vaccines against Covid-19 were administered in Brazil. 
Notably, the Covid-19 AstraZeneca/Fiocruz vaccine 
contributed to around 28% of this overall vaccination ef-
fort.(7) This article presents an assessment of the immu-
nologic IgG antibody response against the Covid-19 S 
protein before and approximately 28 days, 90 days, 180 
days and one year after the booster dose of a Covid-19 
recombinant vaccine.

MATERIALS AND METHODS

Study design - This is a phase IV clinical study, un-
controlled, non-randomised, only blinded to the labo-
ratory technicians, stratified into two groups based on 
the interval between the first two doses (eight and 12 
weeks), homologous. The main hypothesis was that a 
third dose of the Covid-19 AstraZeneca/Fiocruz vaccine 
(recombinant) administered four to eight months after 
the second dose is safe and equivalent in terms of im-
munogenicity when comparing the interval between the 
first two doses of eight weeks with the interval of 12 
weeks. The secondary objectives of study were: assess 
the immunity in terms of geometric means titres (GMT) 
for both vaccine groups at three, six and 12 months after 
the administration of the booster; stratify immunogenic-
ity equivalence by age group (< 40 years, 40 to 60 years, 
> 60 years); perform plate-based neutralisation antibody 
tests on a subset of 50 participants from both interval 
groups, pre-vaccination and 28 days of the third dose.

The study enrolled individuals of both sexes aged 18 
years or above, who had received two doses of the Co-
vid-19 (recombinant) vaccine, with an interval of eight 
or 12 weeks between the two doses, and a booster dose 
of Covid-19 (recombinant) vaccine, four to eight months 
after the second dose. The vaccination according to the 
intervals was by spontaneous demand and the recruit-
ment of participants occurred from November 2021 to 
May 2022. Exclusion criteria encompassed individuals 
with contraindications to vaccination, those who were 
pregnant, using immunosuppressive medications, ex-
periencing suspected symptoms or testing positive for 
Covid-19, previous vaccination with other Covid-19 vac-
cines (heterologous scheme) for the first and/or second 
dose, receiving other vaccine 28 days before study en-
rolment. After being included in the study, participants 
should be excluded if they received another Covid-19 
vaccine other than the fourth dose, or if they received 
any vaccine 28 days after the third dose Covid-19, except 
for the influenza vaccine.

To enhance participant adherence, the study em-
ployed strategies such as reinforcing the need to adhere 
to the study protocol at each visit, making periodic calls 
for appointment confirmation, addressing questions 
during operating hours, providing support for adverse 
events, and assuring test result delivery. In case of 
missed visits, researchers attempted phone contact, es-
calating to a home visit after two unsuccessful attempts 
on consecutive business days.

The cohort for immunogenicity analysis consisted 
of 494 vaccinated subjects, with 177 participants in the 
eight-week group and 317 in the 12-week group (Fig. 1). 
Of this total 233 participants had visits conducted within 
the limits for the anticipated window (maximum of 14 
days), but considering the pandemic challenges for the 
visits, these 494 cohort had availably laboratory data re-
lated to the outcomes of interest and composed the co-
hort for the outcomes analysis of immunogenicity.

The cohort for reactogenicity analysis included 479 
vaccinated subjects for whom there was information on 
post-vaccination adverse events. There were 172 par-
ticipants in the eight-week group and 307 in the 12-
week group (Fig. 2).

Fig. 1: immunogenicity cohort analysis with laboratory data related to 
the outcomes of interest.

Fig. 2: reatogenicity cohort analysis with information on post-vacci-
nation adverse events.
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Laboratory methods - For the evaluation of severe 
acute respiratory syndrome coronavirus 2 (SARS-
Cov-2) IgG antibody levels for the main analysis of the 
study, serum samples were tested using a commercial 
kit, by chemiluminescent platform. The assay is a che-
miluminescent microparticle immunoassay for qualita-
tive and quantitative detection of IgG in human serum 
or plasma against the receptor-binding domain (RBD) 
of the SARS-CoV-2 spike protein. The platform requires 
a minimum of 100 µL of serum or plasma. Results re-
leases by the equipment were used in the analyses. The 
test is a qualitative and quantitative test that detected 
IgG class antibodies, including neutralising antibodies, 
against the RDB of the S1 subunit of the Spike protein (S 
protein) of SARS-Cov-2. It is indicated to determine and 
monitor the immune response of individual who have 
been vaccinated and/or have/had COVID-19. These tests 
were performed by the COVID-19 Diagnostic Support 
Unit Laboratory in FIOCRUZ.

A subset of 50 participants underwent the plaque re-
duction neutralisation test (PRNT) for immunogenicity 
analysis pre 3rd dose and 28 days after. The test aimed to 
detect anti-SARS-CoV-2 neutralising antibodies at a Bio-
safety level 3 facility by using a model of infection in Vero 
cells, as previously described.(8) The expressed titres of 
neutralising antibodies were determined by their capacity 
to neutralise 50% of plaque number. The PRNT was con-
ducted by Nacional Reference Laboratory for Respiratory 
Viruses/Instituto Oswaldo Cruz (IOC)/FIOCRUZ.

Statistical analysis - In assessing immunogenicity, the 
study compared the GMT of anti-S antibodies, 28 days 
after administering the 3rd dose of the Covid-19 (recom-
binant) vaccine, given four to eight months after the sec-
ond dose with an eight-week interval between the first 
two doses, to the GMT with 12-week interval between the 
first two doses. The calculated GMT of antibodies after 
Covid-19 (recombinant) vaccination, based on Flaxman et 
al. results,(6) was 3495 with a 95% confidence interval (CI) 
(2833; 4312). The equivalence margin for these adopted 
titres ratio is 0.77 to 1.3, equivalent to -0.114 to 0.114 con-
sidering the difference in logarithms, which was arbitrari-
ly defined to represent the acceptable variation of GMT 
across comparison groups, given the precision of antibody 
titres and the implications in disease protection. The cal-
culation to determine the sample size assumed an equiva-
lence design with 90% statistical power, equivalence mar-
gin for the ratio between 0.77 and 1.3, and a significance 
level of 5%, resulting in 265 participants per group.

To assess equivalence the study proposed calculating 
the ratio of GMT 28 days after the third dose, along with 
their respective 95% CI. The GMT for participants who 
received the second dose eight weeks after the first was 
considered equivalent to the GMT for participants with a 
12-week interval between the first two doses if the 95% 
CI of the ratio of GMT is between 0.77 and 1.3.

Statistical analyses were conducted with the software 
IBM SPSS Statistics 20.0 (IBM Corp. Released, 2011).

Ethics - The procedures followed were in accor-
dance with Resolution 466 of December 12, 2021, from 
the National Health Council regarding research involv-

ing human subjects and national regulations, and in ac-
cordance with the Good Clinical Practices guidelines 
outlined in the Americas Document and the Good Clin-
ical Practice Manual of the International Conference 
on Harmonisation.

The study was approved by the research ethics com-
mittee at Instituto Nacional de Infectologia Evandro 
Chagas (INI/FIOCRUZ) and registered in ClinicalTri-
als.gov (NCT05142488). An informed consent was ob-
tained after the nature and possible consequences of the 
study had been fully explained to the participants.

RESULTS

Despite the field team’s efforts, the eight-week group 
had fewer participants (177) than calculated sample size 
(265). The recruitment of participants took place from 
November 2021 to May 2022. Challenge included a sig-
nificant number of volunteers with suspected Covid-19 
symptoms due to Omicron variant outbreak in Rio de 
Janeiro, and the fewer number of people vaccinated with 
the interval of eight weeks between the first and second 
dose. Various strategies, such as visits and surveys were 
employed, but obstacles like unsuccessful contacts and 
participants not meeting including criteria contributed 
to the reduced enrolment in the eight-week group.

Demographic characteristics of the sample - The par-
ticipants with an average age of 40.1 years, exhibited a 
balanced gender distribution with 51.6 % male and 48.4% 
female. Among them, half identified as white (51%), and 
the average household size was 2.9 individuals. These 
characteristics in general, had small differences in the 
distribution in the comparisons groups (Table I).

Immunogenicity - The geometric mean titres in-
creased after the third dose in both study groups com-
pared to pre-vaccination titres by at least three times 
(Table II), with similar but slightly higher increases in 
the eight-week group. Values remained above pre-third 
doses levels at the three, six, and 12-month collections. 
Throughout all time intervals, seropositivity remained 
stable (Table III).

However, when considering the strict protocol prem-
ises regarding the critical limits of the 95% CI for the 
GMT (0.77:1.3), and the achieved result (0.75:1.2), it must 
be acknowledged that the conclusion would lean towards 
non-equivalence for the study’s primary outcome (Table 
IV). GMT ratios did not differ substantially across age 
strata (Table V), but the study sample size did not allow 
assessment of equivalence within age groups. Individu-
als aged 60 years or more, started and sustained higher 
GMT compared to younger participants.

The response to the different vaccine serotypes test-
ed (Delta and Omicron BA.1 variants) were similar in 
both groups, with more significant increase for the Delta 
variant (three times) than for Omicron (two times) in the 
two tested groups (Table VI). It’s important to point out 
that both pre-3rd dose collections (11/9/2021 to 5/5/2022) 
and post-3rd dose collections (12/7/2021 to 6/27/2022) 
were conducted during the circulation period of the Del-
ta and Omicron variants.(9)



Clarice Monteiro Vianna et al.4|7

TABLE I
Distribution of participants regarding demographic data

Demographic data

Eight weeks 12 weeks Total

N % N % N %

Sex
   Female 79 44,6 160 50,5 239 48,4
   Male 98 55,4 157 49,5 255 51,6
Total 177 100,0 317 100,0 494 100,0
Race
   White 87 49,2 165 52,1 252 51,0
   Black 18 10,2 59 18,6 77 15,6
   Brown 72 40,7 93 29,3 165 33,4
   Yellow 0 0,0 0 0,0 0 0,0
   Indigenous 0 0,0 0 0,0 0 0,0
Total 177 100,0 317 100,0 494 100,0
Age group
   18 - 28 29 16,4 51 16,1 80 16,2
   29 - 38 59 33,3 74 23,3 133 26,9
   39 - 48 57 32,2 113 35,6 170 34,4
   49 - 58 30 16,9 64 20,2 94 19,0
   59 - 68 2 1,1 15 4,7 17 3,4
   69 - 79 0 0,0 0 0,0 0 0,0
   Above 79 0 0,0 0 0,0 0 0,0
Total 177 100,0 317 100,0 494 100,0
Age (years)
   Minimum 18 19 18
   Maximum 60 63 63
   Median 39 41 40
   Mean 38,9 40,8 40,1
   Standart deviation 9,4 10,6 10,2
Number of people living in the same household
   Minimum 1 0 0
   Maximum 8 7 8
   Median 3 3 3
   Mean 2,9 2,9 2,9
   Standart deviation 1,2 1,2 1,2

TABLE II
Geometric mean titres (GMT) of coronavirus disease 2019 (Covid-19) IgG antibodies (Elisa) and  

ratio of GMT post (variable timing) and pre-booster by study group

Collection time

Group Ratio (Post/Pre) CI (95% for the ratio)

Eight weeks 12 weeks Eight weeks 12 weeks Eight weeks 12 weeks

Pre 3rd dose 1453.5 1712.1 - - - -
28 days post 3rd dose 5529.9 5425.4 3.8 3.2 (2.6; 5.6) (2.4; 4.3)
Three months post 3rd dose 5546.2 5614.0 3.8 3.3 (2.6; 5.6) (2.4; 4.4)
Six months post 3rd dose 6371.8 5423.0 4.4 3.2 (3; 6.4) (2.4; 4.2)
12 months post 3rd dose 5926.4 6459.2 4.1 3.8 (2.8; 5.9) (2.9; 5)
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Reactogenicity - In the safety and reactogenicity anal-
ysis, it was found that there was no statistically significant 
difference between the groups regarding the frequency of 
all adverse events, both local and systemic (Table VII). 
The predominant local adverse events included local pain 
(72.2%) and oedema (20.5%), while the prevailing sys-
temic events allegedly associated with vaccination were 
headache (44.3%) and drowsiness (37.4%).

DISCUSSION

This is a homologous equivalence study of im-
munogenicity after the third dose of the Covid-19 re-
combinant vaccine with an interval of six months after 

TABLE III
Distribution of research participants according to qualitative 

collection results by group and collection time

Collection time/ 
Qualitative result

Group

Eight weeks 12 weeks

N % N %

Pre 3rd dose
   Reagent 175 98,9 315 99,7
   Non-reactive 2 1,1 1 0,3
28 days after 3rd dose
   Reagent 167 100,0 305 100,0
   Non-reactive 0 0,0 0 0,0
Three months after 3rd dose
   Reagent 167 100,0 297 100,0
   Non-reactive 0 0,0 0 0,0
Six months after 3rd dose
   Reagent 173 100,0 310 100,0
   Non-reactive 0 0,0 0 0,0
12 months after 3rd dose
   Reagent 169 100,0 308 100,0
   Non-reactive 0 0,0 0 0,0

Non-reactive: < 50.0 AU/mL; Reagent: ≥ 50.0 AU/mL.

TABLE IV
Ratio of geometric mean titres (GMT) of the coronavirus disease 2019 (Covid-19) (recombinant)  

vaccine by groups and collection time

Collection time

Group

Ratio CI (95%)Eight weeks 12 weeks

Pre 3rd dose 1453.5 1712.1 1.2 (0.78; 1.77)
28 days post 3rd dose 5529.9 5425.4 1.0 (0.75; 1.29)
Three months post 3rd dose 5546.2 5632.8 1.0 (0.76; 1.35)
Six months post 3rd dose 6077.9 4892.7 0.8 (0.6; 1.08)
12 months post 3rd dose 5276.6 5709.7 1.1 (0.79; 1.48)

the second dose, comparing the interval of eight and 
12 weeks between the first two doses. As a result, on 
the homologous booster of the Astra-Zeneca/Fiocruz 
vaccine revealed significant findings regarding the 
immune response. The booster dose was followed by 
strong immune responses 28 days after vaccination, 
and antibody levels remained high, at least until the lat-
est tests 12 months after booster. The pattern was simi-
lar in both groups defined by interval between the first 
and second doses, but GMT ratios and 95% CI were 
not conclusive of equivalence. GMT was also similar 
in individuals aged less than 40 years and those 40-60 
years old. The elderly showed a substantially response 
to the booster dose. The reduction in intervals by the 
Ministry of Health resulted in increased vaccine cover-
age and protection. Both groups maintained a robust 
immune response after the third dose.

Immunogenicity studies have major importance, 
as there are no well-established serological correlates 
of protection. Recent systematic reviews and meta-
analysis were performed to understand the immune 
protection against infection. Alborz Rahmani and col-
leagues reviewed studies with viral vector and messen-
ger ribonucleic acid vaccines, and the findings suggest 
that although a specific threshold for protection against 
different SARS-CoV-2 variants is yet not determined, 
higher binding antibody levels are associated with 
stronger protective effects.(10) Sylvia Mink and col-
leagues pointed that protective threshold could guide 
booster vaccination recommendations, but verification 
in separate cohort is necessary.(11)

In previous studies, it has been noted that heterolo-
gous regimens elicit a potent antibody response.(12,13) 
Our evaluation showed strong immune response in a 
homologous regimen sustained for 12 months, demon-
strating the effectiveness of the homologous third dose. 
The pandemic and the ongoing viral circulation could 
also partly explain the sustained high titres up to a year 
after the booster dose.

In line with prior research,(14,15) analysis of serum neu-
tralisation tests for Delta and Omicron variants showed 
a more effective response against Delta than Omicron 
variant (BA.1) in both interval groups, with a note on the 
small sample size (50 participants).
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TABLE VI
Ratio of geometric mean titres (GMT) of plaque reduction neutralisation test (PRNT)  

against isolated Delta and Omicron before and after 3rd dose per group

Mediam geometric titre

Group Ratio (Post/Pre) CI (95%) for the ratio

Eight weeks 12 weeks Eight weeks 12 weeks Eight weeks 12 weeks

PRTN Delta
   Pre 3rd dose 30.3 30.3

3.0 3.2 (1.4; 6.7) (1.4; 7.2)
   Post 3rd dose 91.9 97.1
PRNT Omicron
   Pre 3rd dose 13.0 10.6 1.8 2.2 (0.9; 3.7) (1; 4.8)
   Post 3rd dose 23.9 23.6

TABLE VII
Distribution of participants regarding the types of systemic events allegedly associated with vaccination

Type of solicited adverse event

Eight weeks 12 weeks Total

p-value
Number of 
participants %

Number of 
participants %

Number of 
participants %

Local 34 19.8 54 17.6 88 18.4

0.612
Sistemic 16 9.3 21 6.8 37 7.7
Local and Sistemic 98 57.0 178 58.0 276 57.6

Total 148 86.0 253 82.4 401 83.7

TABLE V
Ratio of geometric mean titres (GMT) of the coronavirus disease 2019 (Covid-19) (recombinant) vaccine among groups over 

time of collection

Collection time and age group

Group

Ratio CI (95%)Eight weeks 12 weeks

< 40 years
Pre 3rd dose 1715.6 1927.3 1.1 (0.67; 1.89)
28 days post 3rd dose 5706.8 5243.1 0.9 (0.64; 1.31)
Three months post 3rd dose 4970.0 5133.3 1.0 (0.73; 1.47)
Six months post 3rd dose 5182.1 4870.2 0.9 (0.67; 1.32)
12 months post 3rd dose 5112.5 5742.2 1.1 (0.83; 1.53)

40 to 60 years
Pre 3rd dose 1204.7 1482.1 1.2 (0.66; 2.31)
28 days post 3rd dose 5343.8 5437.1 1.0 (0.66; 1.56)
Three months post 3rd dose 6231.3 5744.5 0.9 (0.59; 1.44)
Six months post 3rd dose 8014.4 5756.8 0.7 (0.49; 1.05)
12 months post 3rd dose 6985.0 7003.5 1.0 (0.71; 1.41)

> 60 years
Pre 3rd dose - 3619.7 - -
28 days post 3rd dose - 8824.1 - -
Three months post 3rd dose - 13838.0 - -
Six months post 3rd dose - 10111.0 - -
12 months post 3rd dose - 9642.6 - -

Note: There are no participants aged over 60 who received the second dose eight weeks after the first dose.
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The study faced limitations such as due to the pan-
demic context and lacked a comparison group with an 
alternative vaccine, impacting the ability to fully con-
textualise immunogenicity.

Overall, the results indicated the advantage of addi-
tional booster doses, consistent with the occurrence of Co-
vid-19 cases among individuals who had been fully vac-
cinated. In fact, periodic revaccination has been repeated 
to keep the epidemic under control. The wide distribution 
and local production of the vaccine at Bio-Manguinhos 
played a crucial role in controlling the pandemic in Brazil.

ACKNOWLEDGEMENTS

To the coordination of the Biosafety Laboratory Level 3 
platform (BSL3) at Pavilhão Helio Peggy Pereira, Oswaldo 
Cruz Institute - FIOCRUZ, Rio de Janeiro, Brazil.

AUTHORS’ CONTRIBUTION

GRSS and MVHS - Planning and design; MLSM - fund-
ing acquisition and administration; LABC - scientific con-
sultant; JRX, VCG and TMC - data analysis; RLSC - ethics; 
CDA and EAPS - operational coordinators; MS, MFA, LFLT 
and BCC - PRNT analysis; CLVF - management of investi-
gational products and biological samples; GRSS and CMV 
- writing the manuscript; GRSS, CMV, LABC, JRX, VCG, 
TMC, CDA, RLSC, MS, MFA, LFLT, BCC and CLVF - revi-
sion and final version of the manuscript. The authors declare 
no conflict of interest.

REFERENCES

1.	 Voysey M, Clemens SAC, Madhi SA, Weckx LY, Folegatti PM, 
Aley PK, et al. Safety and efficacy of the ChAdOx1 nCoV-19 vac-
cine (AZD1222) against SARS-CoV-2: an interim analysis of four 
randomised controlled trials in Brazil, South Africa, and the UK. 
Lancet. 2021; 397(10269): 99-111.

2.	 Lopez Bernal J, Andrews N, Gower C, Gallagher E, Simmons R, 
Thelwall S, et al. Effectiveness of Covid-19 vaccines against the 
B.1.617.2 (Delta) variant. N Engl J Med. 2021; 385(7): 585-94.

3.	 MS - Ministério da Saúde. NOTA TÉCNICA No 43/2021-SECO-
VID/GAB/SECOVID/MS. Dispõe sobre a administração de dose 
adicional e de dose de reforço de vacinas contra a Covid-19. Brasí-
lia. 2021 [cited 2021 Sep 20]. Available from: https://www.gov.br/
saude/pt-br/assuntos/covid-19/notas-tecnicas/2021/nota-tecnica-
no-43-2021-secovid-gab-secovid-ms.pdf/view.

4.	 MS - Ministério da Saúde. NOTA TÉCNICA No 59/2021-SECO-
VID/GAB/SECOVID/MS. Dispõe sobre administração de reforço 
de vacinas contra a Covid-19 em pessoas com mais de 18 anos. 
Brasília. 2021 [cited 2021 Nov 17]. Available from https://www.
gov.br/saude/pt-br/assuntos/covid-19/notas-tecnicas/2021/nota-
tecnica-no-592021-secovid-gab-secovid-ms.pdf/view.

5.	 MS - Ministério da Saúde. NOTA TÉCNICA No 65/2021-SECO-
VID/GAB/SECOVID/MS. Dispõe sobre antecipação do intervalo 
para dose de reforço de vacinas contra a COVID-19 em pessoas 
com mais de 18 anos e imunossuprimidos. Brasília. 2021 [cited 
2021 Dec 20]. Available from https://www.gov.br/saude/pt-br/as-
suntos/covid-19/notas-tecnicas/2021/sei_ms-0024429242-nota-
tecnica-65-antecipacao-da-dose-de-reforco.pdf/view.

6.	 Flaxman A, Marchevsky NG, Jenkin D, Aboagye J, Aley PK, An-
gus B, et al. Reactogenicity and immunogenicity after a late sec-
ond dose or a third dose of ChAdOx1 nCoV-19 in the UK: a sub-
study of two randomised controlled trials (COV001 and COV002). 
Lancet. 2021; 398(10304): 981-90.

7.	 MS - Ministério da Saúde. Vacinômetro Covid-19. Brasília. 2021 
[cited 2023 Dec 18]. Available from: https://infoms.saude.gov.br/
extensions/SEIDIGI_DEMAS_Vacina_C19/SEIDIGI_DEMAS_
Vacina_C19.html.

8.	 Pauvolid-Corrêa A, Caetano BC, Machado AB, Ferreira MA, 
Valente N, Neves TK, et al. Sera of patients infected by earlier 
lineages of SARS-CoV-2 are capable to neutralize later emerged 
variants of concern. Biol Methods Protoc. 2022; 7(1): bpac021.

9.	 Fundação Oswaldo Cruz. A rede genômica Fiocruz. Ministério da 
Saúde/Fiocruz. [cited 2023 Jan 25]. Available from: https://www.
genomahcov.fiocruz.br/gisaid/.

10.	Rahmani A, Montecucco A, Priano L, Mandolini L, Dini G, 
Durando P. Serological correlates of protection induced by CO-
VID-19 vaccination in the working age population: a systematic 
review and meta-analysis. Vaccines (Basel). 2024; 12(5): 494.

11.	Mink S, Reimann P, Fraunberger P. Prognostic value of anti-
SARS-CoV-2 antibodies: a systematic review. Clin Chem Lab 
Med. 2024; 62(6): 1029-43.

12.	Sanna G, Marongiu A, Firinu D, Piras C, Palmas V, Galdiero M, 
et al. Humoral responses to wild type and ancient BA.1 SARS-
CoV-2 variant after heterologous priming vaccination with 
ChAdOx1 nCoV-19 and BNT162b2 booster dose. Clin Exp Med. 
2024; 24(1): 12.

13.	Westrop SJ, Whitaker HJ, Powell AA, Power L, Whillock C, 
Campbell H, et al. Real-world data on immune responses follow-
ing heterologous prime-boost COVID-19 vaccination schedule 
with Pfizer and AstraZeneca vaccines in England. J Infect. 2022; 
84(5): 692-700.

14.	Chuang CH, Huang CG, Huang CT, Chen YC, Kung YA, Chen CJ, 
et al. Titers and breadth of neutralizing antibodies against SARS-
CoV-2 variants after heterologous booster vaccination in health care 
workers primed with two doses of ChAdOx1 nCov-19: A single-
blinded, randomized clinical trial. J Clin Virol. 2022; 157: 10528.

15.	Seidel A, Zanoni M, Groß R, Krnavek D, Erdemci-Evin S, von 
Maltitz P, et al. BNT162b2 booster after heterologous prime-boost 
vaccination induces potent neutralizing antibodies and T cell reac-
tivity against SARS-CoV-2 Omicron BA.1 in young adults. Front 
Immunol. 2022; 13: 882918.


