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ABSTRACT	 Objective. To characterize the epidemiological and clinical profile of individuals more likely to become infected 
with SARS-CoV-2 after the fully vaccination schedule in order to profile priority groups to receive a booster 
dose in situations of vaccine doses shortage as well as for maintenance of personal protective care.

	 Methods. This cross-sectional study used data from hospitalized COVID-19 patients aged ≥18 years, who 
had been fully vaccinated and had a SARS-CoV-2 infection positive diagnosis collected from the SIVEP-Gripe 
database (Influenza Epidemiological Surveillance Information System) from January 18, 2021 to September 
15, 2021. Demographic data, clinical symptoms and preexisting medical conditions (comorbidities) were ana-
lyzed. The primary outcome was in-hospital death.

	 Results. The majority of hospitalized patients with vaccine breakthrough infection were ≥60 years old, male, 
with critical or severe COVID-19. The fatality rate was extremely high (50.27%) and more pronounced in elderly 
groups. The most prevalent symptoms were cough, dyspnea, respiratory distress, and low blood oxygen sat-
uration. The most frequent comorbidities were heart disease and diabetes. High fatality rates were observed 
among patients admitted to the intensive care units (72.88%) and those who required invasive mechanical 
ventilation (87.82%). The main risk factors for an unfavorable outcome were older age, respiratory compro-
mise, inactivated virus vaccine immunization, and preexisting medical conditions.

	 Conclusions. We characterized the profile of hospitalized Brazilian patients with COVID-19 vaccine break-
through infection and the risk factors for an unfavorable outcome. These data allow to identify priority groups 
to receive a booster dose and to continue using personal protection.

Keywords	 SARS-CoV-2; COVID-19 vaccines; risk factors; Brazil.

Coronavirus disease 2019 (COVID-19) is caused by severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), 
whose initial outbreak occurred in December 2019 in Wuhan, 
China. The virus, with a high potential for dissemination, 
quickly spread to countries on all continents, with the disease 
being recognized as a pandemic by the World Health Organiza-
tion only in March 2020 (1).

As of December 13, 2021, there have been more than 270 mil-
lion confirmed COVID-19 cases worldwide, including more 
than 5 million deaths. Brazil has accumulated around 22 million 
cases and more than 616 000 deaths in this period. Regard-
ing vaccination, more than 8 billion doses of vaccines have 
been administered to the world population by mid-December 
2021 (2). In Brazil, from January 2021 to December 15, 2021,  
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320 579 489 vaccine doses were administered; 11.32% of the 
adult population had a partial course and 65.84% had a com-
plete vaccination course (two doses or a single dose) (3).

COVID-19 vaccines approved for emergency use have been 
shown to be very effective in preventing severe disease and 
reducing hospitalizations, intensive care unit (ICU) admission, 
and death, thus contributing to the pandemic control (4). How-
ever, no vaccine is 100% effective, enabling symptomatic or 
asymptomatic breakthrough infections (5). According to the US 
Centers for Disease Control and Prevention (CDC), the vaccine 
breakthrough infection for COVID-19 is defined as the detec-
tion of SARS-CoV-2 RNA or antigen in a respiratory specimen 
taken from an individual at least 14 days after the receipt of the 
complete dose schedule of a Food and Drug Administration-au-
thorized COVID-19 vaccine. Different factors, such as declining 
vaccine-induced immunity over time (6,7), preexisting medical 
conditions (comorbidities) in fully vaccinated patients (8), vac-
cine type, older age, decreased effectiveness of current vaccines 
against circulating SARS-CoV-2 variants (9), can make fully 
vaccinated individuals more susceptible to breakthrough infec-
tion. Studies on vaccine breakthrough infections are essential 
for public health decision-making as it may indicate the immu-
nity duration of different vaccines and the need for booster 
doses, preventing new disease outbreaks.

Four vaccines have been administered for the Brazilian pop-
ulation: CoronaVac (Sinovac/Instituto Butantan), Vaxzevria 
(AstraZeneca/Oxford/Fiocruz), Comirnaty (Pfizer/Wyeth) and 
Janssen (Johnson&Johnson), with varying degrees of efficacy. 
CoronaVac is based on an inactivated virus, two doses scheduled 
2 to 4 weeks apart. Vaxzevria is a replication-deficient recombinant 
chimpanzee adenovirus vector (ChAdOx1) expressing the glyco-
protein SARS-CoV-2 Spike (S); it is administered with a two-dose 
schedule, with a 4 to 12 week-interval recommended between 
doses. Comirnaty is a mRNA-based vaccine administered in 
two doses, three weeks apart. Janssen is a recombinant, replica-
tion-deficient Ad26 vector vaccine that encodes a variant of the 
SARS-CoV-2 Spike (S) protein, which is administered in a single 
dose (10). Thus, the types of vaccines administered in Brazil vary 
regarding platform, vaccine schedule, and interval between doses.

The vaccines that are being used in Brazil have proven to 
be effective, contributing to reduction of the cases and deaths, 
as well as reducing the number of hospitalizations and severe 
cases. However, recent data have shown that the CoronaVac 
and Vaxzevria vaccines, which were administered to the larg-
est number of Brazilians in the early stages of the vaccination 
program, are less effective in elderly people, suggesting the 
requirement for a booster dose (11).

Another aspect that should be considered is the emergence 
of SARS-CoV-2 variants of concern (VOCs)—such as the more 
transmissible gamma/P.1 (B.1.1.28.1) and delta (B.1.617.2)—as 
globally there is a delay in the vaccination schedule and refusal 
to vaccinate, leading to the occurrence of mutations due to 
greater virus circulation/replication. Variants capable of par-
tially escaping the immunity induced by vaccines, which were 
based on the original coronavirus, may require additional or 
booster doses, in an attempt to avoid new disease outbreaks. 
The SARS-CoV-2 variant of concern gamma/P.1, detected on 
January 12, 2021 in the Amazonas state (12), has become domi-
nant in Brazil during 2021 and has been responsible for a more 
intense second wave, making part of the younger population 
at higher risk from COVID-19 (13,14). Humoral immunity 

induced by mRNA vaccines (15) and by CoronaVac showed 
limited neutralizing activity against the gamma/P.1 variant 
(16,17), indicating the possibility of developing breakthrough 
infections. A genomic sequencing study of 20 COVID-19 vac-
cinated individuals who required hospitalization and/or died 
from COVID-19 revealed that almost all cases were vaccinated 
with CoronaVac and belonged to vaccination priority groups 
(healthcare workers and institutionalized elderly persons). 
Among the 10 patients who died, nine had been infected with 
the gamma/P.1 variant, suggesting the risk of breakthrough 
infection due to variants of concern according to the vaccine 
type (18). Thus, vaccine platform, doses, dosing intervals, long-
term protection and the effectiveness of different vaccines in 
real-world settings need further investigation.

From a global ethical perspective, there are many low- and 
middle-income countries that have low vaccine availability for 
initial doses, while high-income countries are providing booster 
doses (19). The characterization of the COVID-19 patients pro-
file with vaccine breakthrough infection could contribute to 
vulnerable groups identification, which would be a priority for 
receiving a booster dose in situations of vaccine doses shortage. 
Importantly, the identification of subgroups at risk of severe 
breakthrough infections is also key in prioritizing most effective 
therapy early in the infection (9).

To our knowledge, risk factors that predispose the Brazilian 
population for COVID-19 vaccine breakthrough infection have 
not been addressed until this time. In this context, the objective 
of this study is to characterize the profile of the hospitalized 
COVID-19 breakthrough infection patients and to estimate the 
risk factors for unfavorable outcome in a context of gamma/ 
P.1 variant prevalence.

METHODS

This cross-sectional study used data from hospitalized 
COVID-19 patients, collected from the SIVEP-Gripe (Sistema 
de Informação de Vigilância Epidemiológica da Gripe) (20), the 
largest public database with mandatory notification of severe 
acute respiratory infections (SARI) maintained by the Brazil-
ian Ministry of Health. Fully vaccinated hospitalized patients 
aged ≥18 years who had a positive diagnosis of SARS-CoV-2 
infection (RT-PCR or antigen test) and a closed outcome (cure 
or death) were included (n = 29 369). Patients who had received 
the complete vaccine schedule at least 14 days before symptom 
onset were considered fully vaccinated. Demographic data, 
clinical signs/symptoms and comorbidities of patients were 
analyzed according to outcomes (cure or death). Data were col-
lected from January 18, 2021 (start of COVID-19 vaccination) to 
September 15, 2021 (start of booster/third dose). Figure 1 pres-
ents SIVEP-Gripe data used in this study.

The categorization of disease severity was made for each 
patient based on guidelines established by the US National 
Institutes of Health (NIH) (21) including: asymptomatic infec-
tion: individuals who tested positive for SARS-CoV-2 using 
virological tests but who did not have any symptoms character-
istic of COVID-19; mild illness: individuals with any symptom 
of the disease but who had no respiratory distress, dyspnea or 
abnormal chest images during the x-ray exam; moderate illness: 
individuals with respiratory distress and/or dyspnea, and/or  
abnormal x-ray examination, but whose blood oxygenation 
levels (SpO2) were ≥95%; severe illness: individuals with blood 
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oxygen levels below 95%; critical illness: individuals admitted 
to the intensive care unit (ICU) and/or who required inva-
sive mechanical ventilation (IMV). The primary outcome was 
in-hospital death and secondary outcomes were ICU admission 
and IMV requirement, all referred to as poor outcomes.

Using descriptive statistics, frequency analysis (%) was per-
formed for all categorical variables. Chi-square test was used to 
compare differences between groups of patients, as appropriate. 
Poisson regression with robust variance estimator models (22) 
were used to analyze the association of clinical and epidemio-
logical features and the risk of death for hospitalized patients 
with vaccine breakthrough infection. Prevalence ratios (PR) 
(23) and 95% confidence intervals were reported. Missing infor-
mation regarding symptoms and comorbidities were assumed 
as absent in this analysis. All analyses were performed using 
Python (version 3.7.12) and scipy statistical package (version 
1.4.1). The significance level was set at 0.05.

This retrospective study was based on a publicly available 
database and did not directly involve patients, not requiring the 
approval of an ethics committee.

RESULTS

Hospitalized COVID-19 patients according to vaccine 
status

During the period analyzed (January 18, 2021 to September 
15, 2021), 1 062 531 patients were hospitalized due to severe 
acute respiratory infections. Among 687 865 patients who tested 
positive for SARS-CoV-2, 570 168 (82.89%) were unvaccinated, 
53 579 (7.79%) had been partially vaccinated, 12 921 (1.88%) 
had received the complete vaccination schedule (but showing 
symptoms with less than 14 days of completed vaccination) 
and 29 369 (4.27%) could be classified as fully vaccinated (≥14 
days of the completed vaccination schedule) (Figure 2). Data 
demonstrate that vaccination had a protective role against 
hospitalization over time (Figure 2). Fully vaccinated patients 
infected by SARS-CoV-2 were due to vaccine escape infection 
(breakthrough) and our analysis focuses on them.

Most hospitalized patients with breakthrough infection had 
received the CoronaVac vaccine (89.96%), followed by those 

FIGURE 1. Study population

Note: This study included hospitalized COVID-19 patients collected from the SIVEP-Gripe database, aged ≥18 years who had a positive diagnosis of SARS-CoV-2 infection (RT-PCR or antigen test) and a closed outcome (cure or death). 
Individuals who had received the full vaccination schedule were analyzed.
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who had been vaccinated with Vaxzevria (8.75%) (Table 1). 
Importantly, these two vaccines were the first ones used at the 
beginning of the vaccination program that started in January 
2021 and were administered to a larger number of people. 

Patients who had received the CoronaVac or Vaxzevria vaccine 
were most likely to have critical/severe illness. The best result 
was for Comirnaty, with a lower probability of patients in criti-
cal condition (Figure 3, Table 1).

TABLE 1. Demographic characteristics, symptoms and preexisting medical conditions (comorbidities) of hospitalized patients 
with COVID-19 vaccine breakthrough infection, by outcome, Brazil, January 18, 2021 to September 15, 2021 (n=29 369)

Total n (%) Cure n (%) Death n (%) p value* Crude PR (95% CI)

Region 29 369 (100.00) 14 606 (49.73) 14 763 (50.27) 0.010
North 315 (1.07) 176 (55.87) 139 (44.13) 0.88 (0.78-1.00)
Northeast 1 890 (6.44) 878 (46.46) 1 012 (53.54) 1.07 (1.02-1.12)
Midwest 2 565 (8.73) 1 272 (49.59) 1 293 (50.41) 1.01 (0.97-1.05)
South 7 467 (25.42) 3 729 (49.94) 3 738 (50.06) 1.00 (0.97-1.03)
Southeast 17 132 (58.33) 8 551 (49.91) 8 581 (50.09) 1.00
Age group 29 369 (100.00) 14 606 (49.73) 14 763 (50.27) <0.001
18-39 526 (1.79) 472 (89.73) 54 (10.27) 1.00
40-59 1 574 (5.36) 1 269 (80.62) 305 (19.38) 1.89 (1.44-2.48)
60-69 4 658 (15.86) 2 744 (58.91) 1 914 (41.09) 4.00 (3.10-5.17)
70-79 12 219 (41.61) 6 266 (51.28) 5 953 (48.72) 4.75 (3.68-6.12)
80-89 7 525 (25.62) 2 972 (39.50) 4 553 (60.50) 5.89 (4.58-7.59)
>=90 2 867 (9.76) 883 (30.80) 1 984 (69.20) 6.74 (5.23-8.69)
Gender 29 369 (100.00) 14 606 (49.73) 14 763 (50.27) <0.001
Female 14 253 (48.53) 7 414 (52.02) 6 839 (47.98) 1.00
Male 15 116 (51.47) 7 192 (47.58) 7 924 (52.42) 1.09 (1.07-1.12)
Disease severity 29 369 (100.00) 14 606 (49.73) 14 763 (50.27) <0.001
Asymptomatic 52 (0.18) 39 (75.00) 13 (25.00) 1.09 (0.67-1.75)
Mild 1 722 (5.86) 1 326 (77.00) 396 (23.00) 1.00
Moderate 2 724 (9.28) 1 975 (72.50) 749 (27.50) 1.20 (1.08-1.33)
Severe 11 797 (40.17) 7 690 (65.19) 4 107 (34.81) 1.51 (1.38-1.66)
Critical 12 897 (43.91) 3 484 (27.01) 9 413 (72.99) 3.17 (2.91-3.46)
Missing 177 (0.60) 92 (51.98) 85 (48.02)
Vaccine type 29 369 (100.00) 14 606 (49.73) 14 763 (50.27) <0.001
CoronaVac 26 421 (89.96) 12 974 (49.10) 13 447 (50.90) 1.04 (1.00-1.09)
Vaxzevria 2 571 (8.75) 1 315 (51.15) 1 256 (48.85) 1.00
Janssen 292 (0.99) 248 (84.93) 44 (15.07) 0.31 (0.23-0.41)
Comirnaty 85 (0.29) 69 (81.18) 16 (18.82) 0.39 (0.25-0.60)
Symptoms

Fever (n=24 344) 13 356 (54.86) 6 897 (51.64) 6 459 (48.36) <0.001 0.93 (0.91-0.95)
Cough (n=25 742) 19 506 (75.77) 10 290 (52.75) 9 216 (47.25) <0.001 0.84 (0.82-0.86)
Sore throat (n=21 344) 3 952 (18.52) 2 180 (55.16) 1 772 (44.84) <0.001 0.88 (0.85-0.91)
Dispnea (n=26 251) 21 178 (80.68) 9 851 (46.52) 11 327 (53.48) <0.001 1.28 (1.24-1.31)
Respiratory distress (n=24 425) 16 714 (68.43) 7 574 (45.32) 9 140 (54.68) <0.001 1.23 (1.20-1.26)
SpO2 < 95% (n=26 292) 21 987 (83.63) 10 231 (46.53) 11 756 (53.47) <0.001 1.31 (1.27-1.35)
Diarrhea (n=21 386) 3 548 (16.59) 1 900 (53.55) 1 648 (46.45) 0.001 0.91 (0.88-0.95)
Vomit (n=21 035) 2 223 (10.57) 1 181 (53.13) 1 042 (46.87) 0.035 0.93 (0.89-0.97)
Abdominal pain (n=20 827) 1 717 (8.24) 959 (55.85) 758 (44.15) <0.001 0.87 (0.83-0.92)
Fatigue (n=22 405) 9 286 (41.45) 4 855 (52.28) 4 431 (47.72) <0.001 0.93 (0.90-0.95)
Loss of smell (n=20 879) 2 220 (10.63) 1 405 (63.29) 815 (36.71) <0.001 0.71 (0.68-0.76)
Loss of taste (n=20 835) 2 346 (11.26) 1 479 (63.04) 867 (36.96) <0.001 0.72 (0.68-0.76)
Comorbidities

Cardiac disease (n=26 110) 15 531 (59.48) 7 135 (45.94) 8 396 (54.06) <0.001 1.17 (1.15-1.20)
Hematological disease (n=20 903) 251 (1.20) 99 (39.44) 152 (60.56) <0.001 1.21 (1.09-1.34)
Down's syndrome (n=20 903) 56 (0.27) 33 (58.93) 23 (41.07) 0.331 0.82 (0.60-1.12)
Liver disease (n=20 868) 287 (1.38) 110 (38.33) 177 (61.67) <0.001 1.23 (1.12-1.35)
Asthma (n=21 010) 759 (3.61) 401 (52.83) 358 (47.17) 0.515 0.94 (0.87-1.01)
Diabetes (n=24 360) 10 191 (41.83) 4 793 (47.03) 5 398 (52.97) <0.001 1.08 (1.06-1.11)

(Continued)
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Demographic and clinical characteristics of 
hospitalized COVID-19 patients with breakthrough 
infection

Data from the study population were disaggregated into 
two subgroups, cure and death (Table 1). Considering the total 
number of cases, ~50% of patients with breakthrough infection 
died, with a slightly higher lethality rate in the Northeast region 
(53.54%) and lower in the North region (44.13%). In the period 
analyzed, hospitalization cases were higher in the Southeast and 
lower in the North, reflecting the occurrence of cases of COVID-
19 in accordance with the population size, which is higher in 
the Southeast region. The fatality rate (prevalence of death) was 
significantly higher among patients ≥60 years of age (41.09%-
69.20%), male (52.42%), and patients with critical COVID-19 
(72.99%). Regarding vaccine type, the fatality rate was higher 
among patients who had received CoronaVac (50.90%), and 
lower among those vaccinated with Janssen (15.07%).

The main symptoms presented by hospitalized patients with 
COVID-19 due to breakthrough infection were cough (75.77%), 
dyspnea (80.68%), respiratory distress (68.43%) and low blood 
oxygen saturation (83.63%). Patients with the aforementioned 
respiratory symptoms were more likely to have an unfavorable 
outcome, with a higher fatality rate (Table 1).

Regarding preexisting medical conditions (comorbidities), 
the fatality rate was higher among patients with kidney disease 
(67.33%), pneumopathy (64.45%), neuropathy (64.45%), immu-
nodepression (63.04%), liver disease (61.67%) and hematological 
disease (60.56%). However, the most frequent comorbidities were 
cardiac disease (15,531; 59.48%) and diabetes (10.191; 41.83%), 
with fatality rates of 54.06% and 52.97%, respectively (Table 1).

The analysis of the unfavorable outcome among patients 
with breakthrough SARS-CoV-2 infection admitted to the ICU 
showed that the fatality rate was extremely high (72.88%). Fur-
thermore, 87.82% of patients who required IMV died (Table 1).

Risk factors for unfavorable outcome among 
hospitalized COVID-19 patients with breakthrough 
infection

The most significant risk factor for unfavorable outcome 
among hospitalized COVID-19 patients with breakthrough 
infection, according to the adjusted analysis, was older age:  

≥80 years (PR = 5.48; 95% CI 4.26-7.05), 60-79 years (PR = 4.00;  
95% CI 3.11-5.14), 40-59 years (PR = 1.83; 95% CI 1.40-2.39). In 
addition, kidney disease (PR = 1.27; 95% CI 1.23-1.32), immunode-
pression (PR = 1.24; 95% CI 1.18-1.31), neuropathy (PR = 1.18; 95% CI  
1.14-1.21), pneumopathy (PR = 1.16; 95% CI 1.12-1.21), dyspnea 
(PR = 1.16; 95% CI 1.13-1.20), respiratory distress (PR = 1.11; 95% 
CI 1.08-1.14), low blood oxygen saturation (PR = 1.14; 95% CI 
1.11-1.18), and male gender (PR = 1.11; 95% CI 1.08-1.13) were 
also significantly associated with an unfavorable outcome (Table 
2). Taking as a reference the patients who received the Vaxzevria 
vaccine (PR=1), the risk for those vaccinated with CoronaVac of 
having an unfavorable outcome was higher (PR = 1.10; 95% CI 
1.06-1.15), while for those vaccinated with Comirnaty was sig-
nificantly lower (PR = 0.49; 95% CI 0.31-0.78) (Table 2).

Total n (%) Cure n (%) Death n (%) p value* Crude PR (95% CI)

Neuropathy (n=21 596) 2 467 (11.42) 877 (35.55) 1 590 (64.45) <0.001 1.32 (1.28-1.36)
Pneumopathy (n=21 403) 1 834 (8.57) 652 (35.55) 1 182 (64.45) <0.001 1.31 (1.26-1.36)
Immunodepression (n=21 038) 882 (4.19) 326 (36.96) 556 (63.04) <0.001 1.26 (1.20-1.33)
Kidney disease (n=21 328) 1 659 (7.78) 542 (32.67) 1 117 (67.33) <0.001 1.37 (1.32-1.42)
Obesity (n=21 508) 2 782 (12.93) 1 347 (48.42) 1 435 (51.58) <0.001 1.03 (0.99-1.07)
Secondary outcomes

ICU (n=28 165) 12 128 (43.06) 3 289 (27.12) 8 839 (72.88) <0.001 2.12 (2.07-2.17)
IMV (n=27 804)** 6 738 (24.23) 821 (12.18) 5 917 (87.82) <0.001 2.66 (2.55-2.77)
NIV (n=27 804)** 17 504 (62.95) 10 351 (59.14) 7 153 (40.86) <0.001 1.24 (1.19-1.29)
Ventilation (n=27 804)** 24 242 (87.19) 11 172 (46.09) 13 070 (53.91) <0.001 1.63 (1.57-1.70)
ICU,Intensive Care Unit; IMV, Invasive Mechanical Ventilation; NIV, Non-Invasive Ventilation; Ventilation=IMV or NIV
*Pearson's chi-square test p ≤ 0.05
**Reference=no ventilation
Source: Prepared by the authors from the study results.

TABLE 2. Risk factors associated with COVID-19 unfavorable 
outcomes in hospitalized patients with vaccine breakthrough 
infection (n=29 369)

Adjusted PR

Variable PR 95% CI

Male 1.11 (1.08-1.13)
40-59 yrs* 1.83 (1.40-2.39)
60-79 yrs* 4.00 (3.11-5.14)
80+ yrs* 5.48 (4.26-7.05)
Coronavac** 1.10 (1.06-1.15)
Janssen** 0.82 (0.62-1.07)
Comirnaty** 0.49 (0.31-0.78)
Dispnea 1.16 (1.13-1.20)
Respiratory distress 1.11 (1.08-1.14)
SpO2 < 95% 1.14 (1.11-1.18)
Cardiac disease 1.06 (1.03-1.08)
Hematological disease 1.06 (0.95-1.18)
Liver disease 1.13 (1.02-1.25)
Diabetes 1.06 (1.03-1.08)
Neuropathy 1.18 (1.14-1.21)
Pneumopathy 1.16 (1.12-1.21)
Immunodepression 1.24 (1.18-1.31)
Kidney disease 1.27 (1.23-1.32)
Obesity 1.09 (1.05-1.14)
*Reference = 18-39 yrs
**Reference = Vaxzevria
Source: Prepared by the authors from the study results.

TABLE 1. (Cont.)
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DISCUSSION

Profiling the individuals most likely to become infected after 
a full vaccination schedule against SARS-CoV-2 is extremely 
relevant; it allows to identify vulnerable groups to infection 
and, therefore, to assign them priority to receive a booster dose 
in situations of temporary shortage of vaccine doses as well as 
for recommending personal protective care. Like several other 
countries, Brazil has begun to register cases of vaccine break-
through infections, with a relatively significant frequency of 
fully vaccinated patients being hospitalized with COVID-19.

The hospitalization rate of COVID-19 patients with 
breakthrough infection in a context of gamma/P.1 vari-
ant predominance in Brazil was lower (4.27%) than in delta 
variant-predominant countries where mainly high efficacy 
mRNA-based vaccines were administered (24). Our data are 
similar to a study that showed breakthrough infection of 5.57% 
before the presumed delta variant circulation (25). In addition, 
there are differences in the share of people fully vaccinated 
among different countries.

One of the factors that can lead to breakthrough vaccine 
infection is the reduction of vaccine-induced immunity over 
time. Studies have shown waning antibodies levels induced by 
vaccines approved for emergency use after about 6 months of 
complete vaccination (26,27), indicating the need for a booster 
dose. Inactivated virus-based vaccines represent the vast major-
ity of doses administered worldwide and have played a key role 
in containing the pandemic. However, studies of the effective-
ness of available vaccines have indicated declining immunity 
in individuals vaccinated with two doses, particularly with 
inactivated virus-based vaccines (28). A study conducted in 
China showed a marked drop in neutralizing antibody titers 
in individuals over 60 years after six months of the CoronaVac 
second dose. A robust immune response was observed with 
the booster dose, suggesting the need to revaccinate the elderly 
(27). A study carried out in Brazil indicated that the gamma/ 
P.1 variant could escape from neutralizing antibodies induced 
by CoronaVac vaccine, especially five months after vaccination 
as immunity was waning (17). We observed that the highest 
rate of patients with vaccine breakthrough infection in the 

analyzed period were those who received CoronaVac (89.96%), 
a vaccine that was widely administered in the first few months 
of the vaccination program. Therefore, it is plausible to consider 
that after 5-6 months these patients could be at increased risk 
of contracting breakthrough infection due to waning immunity. 
Figure 2 shows that breakthrough infection rate became signif-
icant approximately 5-6 months (~EW 21-22) after the start of 
the vaccination program.

Studies on the characteristics of COVID-19 patients with 
breakthrough infection are rare, but a study showed that among 
breakthrough infection patients admitted to hospital and vacci-
nated primarily with mRNA vaccines 46% were asymptomatic, 
7% had mild disease, 20% had moderate disease, and 26% 
developed severe/critical disease (25). In contrast, we found 
that the majority of hospitalized patients had severe (40.17%) 
or critical (43.91%) illness and only 0.18% were asymptomatic. 
A possible explanation may be that the type of vaccine admin-
istered among hospitalized Brazilian patients was mostly 
inactivated virus-based vaccine. Indeed, the effectiveness of 
CoronaVac against hospitalization, severe disease and death 
was found to be lower compared to other vaccines adminis-
tered in the Brazilian population (29). In addition, a study has 
shown a significant reduction in the frequency of neutralizing 
antibodies in individuals aged ≥60 years who had received two 
doses of CoronaVac compared to younger individuals (30). 
Importantly, throughout 2021 there has been a predominance 
of the P.1 variant in Brazil, which caused a second wave with a 
high number of cases and deaths, including in younger adults 
(13,14), which may be associated with the P.1 escape from 
neutralizing antibodies induced by CoronaVac. In addition, 
we found that the likelihood of an unfavorable outcome was 
greater among patients who received CoronaVac compared to 
Vaxzevria (PR = 1.10). A study showed lower effectiveness of 
CoronaVac against infection, hospitalization, ICU admission 
and death compared to Vaxzevria (11).

Finally, we observed that the profile of COVID-19 patients 
with breakthrough infection is similar to that of unvaccinated 
COVID-19 patients who were hospitalized when Brazil did 
not have vaccines (31), corroborating a study that also found 
such a result (8). Importantly, these results also suggest that 

FIGURE 2. Hospitalizations among patients with COVID-19 between epidemiological weeks 2021-3 and 2021-37 according to the 
vaccination status (n=687 865)
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vaccination has not induced vaccine-associated enhanced dis-
ease, an accentuation of disease when vaccinated individuals 
are infected by the target pathogen. This was a concern when 
COVID-19 vaccines were approved for emergency use, but 
that has not been confirmed. In our study, the main similarities 
between the profiles were older age, male gender, cough, dys-
pnea, respiratory distress, low blood oxygen saturation, and 
comorbidities such as heart disease, diabetes, obesity, kidney 
disease, neuropathy and pneumopathy. Importantly, patients 
with breakthrough infections had lower in-hospital lethality 
rates (≥90 years: 69.20% vs. 76.55%, 80-89 years: 60.50% vs. 
69.00%, 70-79 years: 48.72% vs. 59.38% ), compared to unvac-
cinated patients (31), although a higher value observed on 
average (50.27% vs. 41.28%) due to the group of patients with 
breakthrough infections being ~92% composed of people aged 
≥60 years old. These more severe breakthrough infections 
could eventually be due to the gamma/P.1 or delta vari-
ants currently circulating throughout the Brazilian territory, 
which are more transmissible and can escape vaccine-induced 
immunity.

Countries such as Israel, Singapore and the United States had 
prioritized booster vaccination for the general population aged 
60 years and older, but the United Kingdom had restricted the 
booster dose to immunocompromised individuals before being 
expanded to all the population over 50 years old (32). Currently, 
with new guidelines, these countries are making booster vac-
cination possible for the general adult population, due to the 
delta variant predominance and increased infection cases and 
hospitalization (32).

As of September 2021, Brazil had adopted the maximum 
interval schedule between vaccine doses due to the low vaccine 

availability at the beginning of the pandemic. Currently, the 
delta variant is already dominant in several Brazilian regions. 
In November 2021, the Ministry of Health of Brazil announced 
new guidelines for the COVID-19 vaccination program. 
Despite the uncertainties and questions, booster doses will be 
given to all individuals aged 18 years and older (158 million 
eligible people) after 5 months of the full schedule of any given 
vaccine, with heterologous vaccination recommendation. In 
addition, a second dose of Janssen vaccine was recommended 
after 2 to 6 months of the first dose (33). Importantly, these rec-
ommendations are based on a few studies carried out in other 
countries and on guidelines adopted especially in the United 
States (32).

It should be noted that Brazil is a country of continental 
dimensions with varied socioeconomic, cultural and health 
characteristics among regions, so that the COVID-19 pandemic 
did not hit the nation evenly (14). As of the time of writing, 
Brazil is starting booster vaccination, but there are states that 
have not yet reached 50% of the population with a complete 
vaccination schedule (34). In addition, booster vaccination in 
countries with adequate supply of vaccine doses, while there 
have been temporary shortages in low-income countries, has 
raised relevant discussions. The effectiveness of vaccines in use 
is sufficiently high against hospitalization, severe illness and 
deaths, and if there is no broad primary vaccination coverage, 
the risk of new, more lethal variants emerging is significant, 
representing a global threat that may not be contained with cur-
rently approved vaccines (35).

The main strength of this study is its scope, involving data 
from more than 29 000 hospitalized COVID-19 patients with 
breakthrough infection, obtained from the largest Brazilian 

FIGURE 3. Disease severity and outcomes according to vaccine type for patients with breakthrough infection (n=29 369)
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database. We were able to characterize the profile of patients 
with vaccine breakthrough infection and identify risk factors, 
which allows to suggest booster doses for priority groups. The 
main limitation was the inclusion of only hospitalized patients 
cases, as the SIVEP-Gripe database does not record data from 
outpatients. Therefore, we do not know the characteristics of 
unreported breakthrough infections that may be asymptomatic 
or mild.

In summary, our study allowed identifying vulnerable indi-
viduals for COVID-19 vaccine breakthrough infection aiming at 
establishing target groups to receive a vaccine booster dose. The 
data showed that elderly people with underlying comorbidi-
ties and who received the inactivated virus vaccine are more 
vulnerable to breakthrough infection and, therefore, should be 
given priority to receive a booster dose, as well as continued 
personal protection. Hospitalization, requiring ICU admission 
and IMV are indicative factors of extremely increased risk for 
mortality. Thus, the identification of vulnerable groups can also 
indicate those who should receive more effective therapy early 
in the course of the infection.
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Perfil de los pacientes brasileños vacunados hospitalizados por COVID-19 y 
factores de riesgo de un resultado desfavorable

RESUMEN	 Objetivo. Caracterizar el perfil clínico y epidemiológico de las personas con mayores probabilidades de 
contraer la infección por el SARS-CoV-2 luego de tener el esquema completo de vacunación, con el fin de 
definir los grupos de prioridad para la aplicación de la dosis de refuerzo en situaciones de escasez de dosis 
de vacunación, así como para el mantenimiento de los equipos de protección personal.

	 Métodos. En este estudio transversal se emplearon datos de pacientes mayores de 18 años hospitalizados 
con COVID-19 que habían recibido la pauta completa de vacunación y tenían un diagnóstico positivo de 
infección por SARS-CoV-2, recabados de la base de datos SIVEP-Gripe (Sistema de Información de Vigilancia 
Epidemiológica de la Gripe) en el periodo comprendido entre el 18 de enero del 2021 y el 15 de septiembre 
del 2021. Se analizaron datos demográficos, síntomas clínicos y trastornos médicos preexistentes (comorbi
lidades). El resultado primario fue la muerte hospitalaria.

	 Resultados. La mayoría de los pacientes vacunados hospitalizados fueron varones mayores de 60 años 
con infección crítica o grave por el virus de la COVID-19. La tasa de letalidad fue extremadamente elevada 
(50,27 %) y más pronunciada en los grupos de edad avanzada. Los síntomas más prevalentes fueron tos, 
disnea, dificultad respiratoria y baja saturación de oxígeno en sangre. Las comorbilidades más frecuentes 
fueron las cardiopatías y la diabetes. Se observaron altas tasas de letalidad entre los pacientes ingresados 
en las unidades de cuidados intensivos (72,88 %) y los que necesitaron ventilación mecánica invasiva (87,82 
%). Los principales factores de riesgo para un resultado desfavorable fueron la edad avanzada, dificultades 
respiratorias, inmunización con vacunas de virus inactivados y trastornos médicos preexistentes.

	 Conclusiones. Se caracterizaron el perfil de los pacientes brasileños vacunados hospitalizados con COVID-19  
por infección irruptiva de vacuna y los factores de riesgo de un resultado desfavorable. Estos datos permiten 
identificar los grupos de prioridad para recibir la dosis de refuerzo y continuar utilizando protección personal.
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Perfil de pacientes brasileiros internados com infecção por COVID-19 devido 
a escape vacinal e fatores de risco para desfecho desfavorável

RESUMO	 Objetivo. Caracterizar o perfil epidemiológico e clínico dos indivíduos mais propensos a se infectar com 
SARS-CoV-2 após o esquema vacinal completo, a fim de traçar o perfil dos grupos prioritários para receberem 
uma dose de reforço em situações de escassez de doses vacinais, bem como para manutenção dos cuida-
dos de proteção individual.

	 Métodos. Este estudo transversal utilizou dados de pacientes hospitalizados com COVID-19 com idade ≥18 
anos, esquema vacinal completo e diagnóstico positivo de infecção por SARS-CoV-2, coletados do banco de 
dados SIVEP-Gripe (Sistema de Informação da Vigilância Epidemiológica da Gripe) de 18 de janeiro a 15 de 
setembro de 2021. Foram analisados dados demográficos, sintomas clínicos e problemas médicos preexis-
tentes (comorbidades). O desfecho primário foi óbito intra-hospitalar.

	 Resultados. A maioria dos pacientes hospitalizados com infecção devido a escape vacinal tinha ≥60 anos, 
era do sexo masculino e tinha um quadro de COVID-19 grave ou gravíssimo. A letalidade foi extremamente 
alta (50,27%) e mais pronunciada nos grupos de pessoas idosas. Os sintomas mais prevalentes foram tosse, 
dispneia, desconforto respiratório e baixa saturação de oxigênio no sangue. As comorbidades mais frequentes 
foram cardiopatia e diabetes. Altas taxas de letalidade foram observadas entre os pacientes internados em 
unidades de terapia intensiva (72,88%) e os que precisaram de ventilação mecânica invasiva (87,82%). Os 
principais fatores de risco para um desfecho desfavorável foram idade avançada, comprometimento respi-
ratório, imunização com vacina de vírus inativado e problemas médicos preexistentes.

	 Conclusões. Caracterizamos o perfil dos pacientes brasileiros hospitalizados com infecção por COVID-19 
devido a escape vacinal e os fatores de risco para desfecho desfavorável. Esses dados permitem identificar 
grupos prioritários para receber dose de reforço e continuar os cuidados de proteção individual.
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