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Introduction

Given the limited number of patients in Latin America who have received a booster dose against the COVID-19, it remains crucial to comprehend the effectiveness of different vaccine combinations as boosters in real-world scenarios. This study aimed to assess the real-life efficacy of seven different vaccine schemes against COVID-19, including BNT162b2, ChAdOx1-S, Gam-COVID-Vac, and CoronaVac as primary schemes with either BNT162b2 or ChAdOx1-S as booster vaccines.





Methods

In this multicentric longitudinal observational study, participants from Mexico and Argentina were followed for infection and SARS-CoV-2 Spike 1–2 IgG antibodies during their primary vaccination course and for 185 days after the booster dose.





Results

A total of 491 patients were included, and the booster dose led to an overall increase in the humoral response for all groups. Patients who received BNT162b2 exhibited the highest antibody levels after the third dose, while those with primary Gam-COVID-Vac maintained a higher level of antibodies after six months. Infection both before vaccination and after the booster dose, and Gam-COVIDVac + BNT162b2 combination correlated with higher antibody titers.





Discussion

The sole predictor of infection in the six-month follow-up was a prior COVID-19 infection before the vaccination scheme, which decreased the risk of infection, and all booster vaccine combinations conveyed the same amount of protection.
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1 Introduction

The pandemic caused by the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) had a profound impact on global health, and an especially greater impact in countries with limited healthcare infrastructure (1, 2). Throughout the pandemic, Latin America experienced high mortality rates and a lack of access to adequate health resources, including limited access to vaccines which took the most crucial role in mitigating the spread of disease and its severity (3–5). As for December 2023, Brazil is the Latin American country most affected by the COVID-19 pandemic with a report of 37.5 million cumulative cases, followed by Argentina (10 million) and Mexico (7.7 million) (6). The significant population size and constrained healthcare infrastructure limited these countries to be leaders in vaccination efforts across the region. Cuba and Chile, on the other hand, stood out by administering 300 vaccines per 100 inhabitants as of November 2022, while the former three nations fell behind with 175-240 vaccines administered per 100 inhabitants. This indicates that, as of November 2022, approximately half of the population in these countries had not yet received the booster vaccine dose. The most recent data from Argentina reports 256 vaccines per 100 inhabitants (7).

Latin America adopted a diverse range of vaccines for its population, administering them promptly upon availability despite disparities in acquisition (3). This approach led to a population with exposure to various vaccine types. Concurrently, the concept of booster vaccinations gained attention as a potential strategy to enhance, optimize, and sustain immunity against SARS-CoV-2 (8). This approach involves administering a booster dose using either the same vaccine given for the initial doses (homologous booster) or a different type (heterologous booster). Due to the observed decline in antibody levels over time and the promising results of booster vaccines, this strategy was quickly embraced by the Strategic Advisory Group of Experts on Immunization (SAGE) from the World Health Organization (WHO), who recommended the use of booster vaccines to restore and extend the protective effect in individuals who had at least one vaccine (9).

Previous existing research highlights the importance of booster doses in addition to standard primary vaccination regimens such as BNT162b2, mRNA-1273, or ChAdOx1-S (10–12). Studies on both heterologous and homologous booster vaccinations have yielded promising results, suggesting that a heterologous booster could elicit more robust immune responses and potentially addressing vaccine hesitancy in certain populations (13, 14). To our current knowledge, there is a scarcity of Real-World studies in Latin America that comprehensively evaluate and compare various vaccine combinations, including those with limited research such as Gam-COVID-Vac. We believe incorporating data from these less-explored combinations could enhance our understanding of heterologous booster efficacy (15–17).

The aim of this study is to analyze the humoral response, efficacy, and reactogenicity of booster combinations for diverse primary vaccine schemes in a real-world, multicentric setting with patients from Argentina and Mexico, two of the most affected countries by COVID-19 across Latin America. This study will provide valuable insights into the feasibility and impact of homologous and heterologous booster vaccination in this region, as well as contribute to our growing knowledge on heterologous booster vaccination strategies and their distinct advantages.




2 Materials and methods

The following is a multicentric observational longitudinal study, composed of subjects from two of the most affected countries by the COVID-19 pandemic in Latin America, Argentina and Mexico, in which volunteers from two different hospital centers (Hospital Municipal San Jose, Hospital Interzonal de Agudos San Felipe and Hospital Clinica Nova) who had received a complete scheme of the approved vaccines and a booster, either homologous or heterologous, were followed for 185 days after the last dose.

The design of the study followed the Strengthening the Reporting of Observational studies in Epidemiology (STROBE) guidelines and was approved by each local institutional Review Board, and conducted in accordance to the Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving humans (18, 19). In reference to selection criteria, we included volunteered patients of any age, both genders, who gave consent to participate, and were planning on completing the vaccination scheme, who agreed to be followed through the studies duration. We excluded patients who received a prior SARS-CoV-2 before starting the study and those who received an heterologous combination scheme (meaning that they completed the common 2 dose vaccines with different vaccines). We eliminated patients lost during the follow-up, and those that did not receive booster doses, either heterologous or homologous.

Since this was a real-world study, the availability of vaccines was defined by the public health systems of Argentina and Mexico, respectively at the time patients were enrolled. Subjects enrolled in the study received 3 doses, 2 from a specific vaccination scheme and a booster dose which could have been either from the same vaccine producer or a different one. Subjects received the doses during 2021-2022 and were exposed to different SARS-CoV-2 variants, including Alpha, Beta, Gamma, Delta, Epsilon, Eta and Omicron strains.

Patients were invited to participate before receiving the first dose where the research team explained thoroughly the project. Those interested and qualified, after the selection criteria, were given a consent form which they signed upon agreement to participate. A plasma baseline sample (S0) was taken at this point in order to measure serum SARS-CoV-2 Spike 1-2 IgG antibodies. The first (S1) and second (S2) samples were taken 21 (+/- 7) days after each vaccine application, then preboost antibodies (S3) were taken 6 (+/- 1) months after the completion of the scheme and just before the application of the booster dose, a sample was taken 21 (+/- 7) days after the booster dose (S4) and a last sample was taken 4-6 months after the booster dose (S5). As it shows in Figure 1.




Figure 1 | Methodology regarding the acquisition of samples and follow-up. In the timeline the black lines represent the time were blood samples or information regarding infection and vaccination were gathered, the yellow frames represent application of vaccine. A total of 7 vaccine combinations were followed during 4-6 months after the application of the booster dose.



In each follow-up sample, the participants were given questionnaires regarding medical history, vaccination scheme and side effects, and SARS-CoV-2 infection history (including symptoms and management of the disease) before and during the follow-up. The preboost (S3) and postboost (S5) questionnaires only involved questions about the SARS-CoV-2 infection history.

The measurements for SARS-CoV-2 Spike 1-2 IgG antibodies were made in a quantitative manner, using the DiaSorin’s chemiluminescence immunoassay (CLIA). This assay had a sensitivity of 97.4% (95% CI, 86.8-99.5) and a specificity of 98.5% (95 CI, 97.5-99.2). Interpretation of the results was as follows: values <12.0 AU/mL were considered negative results; a result between 12.0-15.0 AU/mL was considered indeterminate; and values >15 AU/mL were considered a positive result (20). The same kit has been used in previous studies (21–24).

The present study conducted analysis on variables regarding sex, age, medical history of the patients (i.e. type 2 diabetes mellitus, hypertension, and other diseases), the history of confirmed SARS-CoV-2 infection (either by nasal swab and PCR or viral protein antigen detection), medical management in case of disease (ambulatory or hospitalization) and need of supplementary oxygen. We included the analysis of the antibody titers as previously described. Efficacy of vaccination was measured through symptomatic infection and humoral response at different time points.



2.1 Statistical analysis

Before analyzing the data, researchers assessed its quality control and anonymity. Normality was evaluated through either the Shapiro-Wilk or Kolmogorov-Smirnov tests. Descriptive analysis for data with a normal distribution was reported using the mean and standard deviation, while data that couldn’t be normalized were reported using the median and interquartile range. Categorical data were presented as frequencies and percentages. The chi-square and fisher’s exact tests were employed for categorical variables related to medical history, COVID-19 symptoms and adverse reactions to the vaccines. Antibodies were analyzed using the Kruskal-Wallis test between groups of vaccines and the Friedman test. Additionally, Mann-Whitney tests were used for intergroup analysis over time. A linear regression model was utilized to predict antibody titers at the 6-month (+/− 1 month) follow-up after the booster dose. The analysis included only subjects with known antibody titers after the 3rd vaccine dose and at the 6-month follow-up. The model incorporated the following covariates: sex, age, vaccine group combination (with a homologous booster of BNT162b2 as a reference), previous SARS-CoV-2 infection (before the 1st dose), and SARS-CoV-2 infection after the booster dose. A survival curve analysis and Cox proportional hazard model were employed to identify predictor factors for SARS-CoV-2 infection after the booster dose. The model included the following covariates: sex, age, history of diabetes mellitus type 2, history of hypertension, vaccine group combination (with a homologous booster of BNT162b2 as a reference), and previous SARS-CoV-2 infection (before the 1st dose). Additionally, only individuals with no missing values were included in the model. The event considered was the first SARS-CoV-2 infection after the booster dose. The time-to-event was defined as the days between the booster dose and the occurrence of SARS-CoV-2 infection. Individuals with no SARS-CoV-2 infections after the booster dose were treated as censored cases, with the time-to-censoring being the days elapsed between the booster dose and the follow-up date. The endpoint for the Cox model was set at 185 days, which was the last day the patients were followed. A p-value less than 0.05 was considered statistically significant. Missing random values were analyzed through complete case analysis. The statistical programs used were SPSS v.27 and R v. 4.0.3.





3 Results

A total of 491 patients were analyzed in this multicentric study, 413 of them from Mexico and 78 from Argentina. The median (IQR) age was 57 (23) years old and 252 (51.3%) of the patients were women. A total of 7 groups of different vaccine combinations were explored in this study. Patients with a completed CoronaVac scheme and a third dose booster shot with ChAdOx1-S were the most prominent group with 193 (39.3%) patients. The next biggest group were the patients with a complete scheme and booster with ChAdOx1-S in 141 (28.7%), followed by the complete Sputnik V scheme with an ChAdOx1-S booster in 49 (10%), complete scheme and booster with BNT162b2 in 42 (8.6%), complete Sputnik V scheme plus a booster with BNT162b2 in 29 (5.9%), complete scheme with BNT162b2 and a ChAdOx1-S booster, and lastly a group of complete CoronaVac scheme plus a booster of BNT162b2 in 10 (2%) patients. The most prevalent comorbidities in patients were hypertension with 161 (32.8%) patients, obesity in 143 (29.1%) and dyslipidemia in 105 (21.4%). The medical history of the distinct groups of heterologous vaccination schemes can be observed in Table 1.


Table 1 | Medical history divided by heterologous vaccination scheme.





3.1 Adverse events following immunization

The adverse events following immunization (AEFI) were assessed following each of the three vaccine doses. A noticeable reduction in AEFI occurred after the second dose, declining from 226 (46%) cases after the first dose to 156 (31.8%) and 169 (34.4%) following the second and booster doses, respectively. Analysis of AEFI incidence after the booster dose revealed the highest rates among patients receiving CoronaVac + BNT162b2 and CoronaVac + ChAdOx1-S [7 (87.5%) and 100 (71.4%), respectively]. In contrast, primary Gam-COVID-Vac with BNT162b2 and primary BNT162b2 + ChAdOx1-S exhibited the lowest adverse event rates [9 (18.4%) and 7 (25.9%), respectively], p<0.001.

Incidence of AEFIs was notably elevated in the CoronaVac + BNT162b2 and Coro-naVac + ChAdOx1-S groups [7 (87.5%) and 100 (71.4%), respectively]. Following the booster dose, an increase in the number of moderate reactions was observed in com-parison to the first and second doses [46 (27.2%) vs. 24 (10.6%) and 11 (7.1%), respectively]. This escalation was primarily attributed to the CoronaVac + ChAdOx1-S and BNT162b2 + ChAdOx1-S groups [37 (37%) and 3 (42.9%), respectively]. Conversely, patients from the groups with the primary Gam-COVID-Vac and BNT162b2 or ChAdOx1-S exhibited only very mild reactions.

Severe reactions were infrequent, with only four cases identified. Two cases were associated with CoronaVac + ChAdOx1-S, while the other two occurred in the BNT162b2 + Homologous booster and ChAdOx1-S + Homologous booster groups. Details from the primary schemes are available in Table 2.


Table 2 | Adverse events following vaccination categorized by severity and separated by groups of heterologous vaccination schemes.






3.2 SARS-CoV-2 spike 1-2 IgG antibodies during the follow-up

The SARS-CoV-2 Spike 1-2 IgG antibody titers were analyzed through the different vaccination scheme groups. The patients were divided from each group into three groups upon history of infection (COVID-19): (1) patients with negative history of infection (naive group), (2) positive history of infection before vaccination, and (3) new cases of infection through the follow-up. It is shown that individuals from group 1 tend to have less antibodies as compared to the other groups. Table 3 shows the median (IQR) S1/S2 IgG by group and time-point of measurement.


Table 3 | Median (IQR) IgG SARS-CoV-2 S1-S2 antibody titers by vaccination scheme and SARS-CoV-2 infection history.



Before vaccination there was no difference in the median (IQR) antibody titers between the vaccine groups, but there was a significant difference between patients with a negative versus a positive history of COVID-19 [3.8 (0) vs. 91.8 (155.1) AU/mL, p<0.001]. At around 21-28 days after the first dose, patients from the BNT162b2 + homologous booster and BNT162b2 + ChAdOx1-S schemes had the highest antibody titers for group 1 [86.6 (60.6) and 94.95 (57.35) AU/mL, respectively, p<0.001], whereas in group 2 the highest titer was by the Gam-COVID-Vac + ChAdOx1-S and BNT162b2 + ChAdOx1-S schemes [4160 (2690) and 3525 (8337.5) AU/mL, respectively, p<0.001]. There was only one new case during this time frame from the Gam-COVID-Vac + ChAdOx1-S scheme with 34.2 (-) AU/mL. Between 21-28 days after the second dose BNT162b2 + ChAdOx1-S and Gam-COVID-Vac + ChAdOx1-S continued to lead the highest quantities of median (IQR) antibodies for group 1 [1550 (952.5) and 1013 (2145) AU/mL, respectively, p<0.001], whereas in group 2 Gam-COVID-Vac + BNT162b2 and Gam-COVID-Vac + ChAdOx1-S had a higher median count when compared to the other vaccines [5640 (5736) and 6700 (2330) AU/mL, p<0.001]. There was a total of 3 new cases after the second dose with a median (range) of 400 (180-1960) AU/mL antibodies in the groups with BNT162b2 + ChAdOx1-S, Gam-COVID-Vac + ChAdOx1-S, and CoronaVac-ChAdOx1-S.

A decline in the number of antibodies can be seen four to six months after completion of the vaccination scheme by 71.7% in the first group and by 39.3% in the second. At this point both BNT162b2 + ChAdOx1-S and BNT162b2 + homologous booster maintained the highest antibody titers for the first group [233.5 (1702.5) and 195 (373) AU/mL, respec-tively, p<0.001], showing the same pattern for the second group [1695 (5360.75) and 886.5 (628.5) AU/mL, p=0.004]. New cases of infection during this period showed the highest median antibodies in the BNT162b2 + ChAdOx1-S and ChAdOx1-S + homologous booster vaccination schemes [2430 (1665.5) and 654 (4693.7) AU/mL, p=0.012].

Following the booster dose, the median of antibodies exhibited a remarkable 10.2-fold increase in group 1 compared to the levels observed after the second dose. For group 1, antibody titers were the highest in both Gam-COVID-Vac + BNT162b2 and BNT162b2 with homologous booster [5700 (6012.5) and 3940 (2097.5) AU/mL, respec-tively, p<0.001]. For group 2 there was a 4.2-fold increase in comparison to the parameters immediate after the completion of the scheme. The different schemes that showed the highest antibody titers for the second group were the same as the first group [11950 (16372.5) and 4005 (1770) AU/mL, respectively, p=0.001]. For the third group the BNT162b2 with homologous booster group showed the highest antibody titer, only being followed by the CoronaVac + ChAdOx1-S, but this showed a non-significant difference [5750 (-) and 2795 (2495) AU/mL, respectively, p=0.559].

Six (+/- 1) months after the booster dose, an overall decrease of 78% was observed in the antibody titers from group 1. The groups Gam-COVID-Vac + BNT162b2 booster, Gam-COVID-Vac + ChAdOx1-S, and BNT162b2 + ChAdOx1-S booster showed the highest concentration of antibody titers [1764 (1540), 1161 (2122.75) and 1035 (880.5) AU/mL, respectively, p<0.001]. In group 2 there was a decrease of 62.3% of the antibodies from the immediate booster vaccine count. The highest antibody titers were seen in patients from the Gam-COVID-Vac + BNT162b2 booster, Gam-COVID-Vac + ChAdOx1-S booster, and CoronaVac + ChAdOx1-S booster groups [2990 (4723.5), 2500 (3642), and 1905 (2980.25) AU/mL, respectively, p=0.002]. Regarding group 3, of new cases through the follow up, the highest antibody counts were seen in the BNT162b2 with homologous booster, CoronaVac + BNT162b2 booster group, and ChAdOx1-S with homologous booster groups, but showing no significant differences between the groups [3990 (1437.5), 2220 (-), and 1790 (2341) AU/mL, respectively, p=0.18]. Figure 2 provides a visual representation of the antibody response throughout the follow-up, categorized by the different evaluated vaccines.




Figure 2 | SARS-CoV-2 Spike 1–2 IgG antibodies over a six-month follow-up. (A) SARS-CoV-2 Spike 1–2IgG antibody levels (AU/mL) in subjects that were not infected with SARS-CoV-2 that were exposed to one of the six different types of vaccines. (B) SARS-CoV-2 Spike 1–2 IgG antibody levels (AU/mL) in subjects that were previously infected with SARS-CoV-2 before vaccination and that were exposed to one of the six different types of vaccines.






3.3 Linear regression model for the antibody titers at 6-month follow-up after booster dose

We developed a linear regression model where the dependent variable was the antibody titers after 6 months from the booster dose. The independent variables included age, gender, vaccine combination, COVID-19 infection before vaccination, and COVID-19 infection after booster dose. COVID-19 infection before vaccination scheme (β=-1377.43, p<0.001) and COVID-19 infection after booster dose (β=1625.20, p<0.001) both led to higher antibody counts. Regarding the vaccination scheme, the primary Gam-COVID-Vac + BNT162b2 booster group is related to an increase in antibodies when compared to three doses of Pfizer (β=1223.91, p=0.004). Table 4 shows the multiple regression model where the antibodies after 6 months from booster vaccination were the dependent variable.


Table 4 | Multiple Linear Regression Model to determine prediction factors for SARS-CoV-2 Spike 1–2 IgG Antibodies 6 Months After the 3rd Dose.






3.4 SARS-CoV-2 infection

Before vaccine applications a total of 151 (30.8%) patients contracted the COVID-19 infection, from which BNT162b2 + Homologous Booster [20 (47.6%)] and CoronaVac + ChAdOx1-S [81 (42%)] groups presented the majority of cases, in a proportional manner. The most frequent symptoms were headache [48 (31.8%)], myalgia [51 (33.8%)] and anosmia [49 (32.4%)]. From the 151 patients, 92 (60.9%) were treated in an ambulatory manner, 10 (6.6%) required hospitalization, and 1 (0.15%) was admitted to the Intensive Care Unit (ICU). A total of 7 (4.6%) requires supplemental oxygen, 4 requiring nasal cannula, 1 non-rebreather mask and 2 patients requiring intubation.

Between the application of the first dose and the second dose a total of 6 patients got infected, 2 from the CoronaVac + ChAdOx1-S group and the others from the ChAdOx1-S + Homologous Booster, BNT162b2 + Homologous Booster, BNT162b2 + ChAdOx1-S, and Gam-COVID-Vac + ChAdOx1-S groups. Half of the patients presented with fever and headache and 4 of the patients were treated ambulatorily while 1 patient required hospitalization without need for supplemental oxygen.

In the follow-up between the second and booster dose there were a total of 79 (16.1%) cases from which the majority were from CoronaVac + ChAdOx1-S [59 (30.6%)] and BNT162b2 + ChAdOx1-S [8 (29.6%)]. The most common symptoms were cough [50 (63.3%)], odynophagia [40 (50.6%)] and headache [37 (46,8%)]. The majority of patients were treated ambulatorily [70 (88.6%)], while a patient from the CoronaVac + ChAdOx1-S group and another from the ChAdOx1-S + Homologous Booster group required hospitalization, the latter of which required supplemental oxygen by nasal cannula.

In the follow-up after the booster dose there was a total of 73 (15%) cases from which the majority were from the CoronaVac + BNT162b2 [4 (40%)] and Coronavac + ChAdOx1-S [31 (16%)], just followed by Gam-COVID-Vac + ChAdOx1-S [8 (16%)]. The most common symptoms were odynophagya [37 (50.6%)], cough [29 (39.7%)] myalgias and tiredness [28 (38.3%)]. The presence of odynophagia, myalgia and tiredness were significantly prevalent in the group with CoronaVac + ChAdOx1-S compared to the other groups, p<0.05. All patients were treated ambulatorily, while just one patient from the ChAdOx-S + Homologous Booster required supplemental oxygenation through nasal cannula. Table 5 shows in detail the presence of infection and symptoms through the follow up and the comparison between the different groups under study.

    

Table 5 | SARS-CoV-2 Infection Before, In Between, and After Vaccination.






3.5 Survival analysis and Cox proportional hazard model

The adjusted Cox proportional hazard model involved 491 patients, with 73 developing a COVID-19 infection post-booster dose administration. Notably, a history of prior COVID-19 infection before vaccination was associated with a decreased risk of infection (HR= -0.90, p=0.004). However, factors such as age, sex, arterial hypertension, type 2 diabetes, and the type of vaccine applied were not significant in the model. The survival curves indicated no discernible difference between the various vaccine groups concerning the fraction of infected patients. This observation held true even when vaccines were grouped by heterologous versus homologous categories. The complete results are shown in Table 6 and survival curves are shown in Figure 3.


Table 6 | Adjusted Cox Proportional Hazard Model for Risk Factors for Mortality.






Figure 3 | Survival analysis curves over 185 days follow-up after the application of the booster dose. (A) Kaplan-Meier estimate for the whole population. (B) Kaplan-Meier of the different vaccine schemes grouped into heterologous and homologous boosters. Heterologous booster group includes BNT162b2 + ChAdOx1-S booster, Gam-COVID-Vac + ChAdOx1-S booster, Gam-COVID-Vac + BNT162b2 booster, CoronaVac + BNT162b2 booster, CoronaVac + ChAdOx1-S booster, while the homologous booster group included the BNT162b2 and ChAdOx1-S vaccines with an homologous booster; statistical significance was calculated by Log-Rank Test. (C) Kaplan-Meier by the different vaccine groups, with statistical significance calculated by Log-Rank Test.







4 Discussion

In this study, we evaluated and compared the humoral response and protection elicited by SARS-CoV-2 vaccines following either a heterologous or homologous booster dose administered after a primary homologous scheme. The study encompassed a total of seven distinct groups, comprising 491 patients. Our analysis extended to the assessment of Adverse Events Following Immunization (AEFI), infection symptoms, and predictors of infections across these seven groups, within a follow-up period of 185 days after the booster dose.



4.1 Reactogenicity after the booster dose

The incidence of Adverse Events Following Immunization (AEFI) did not exhibit a significant increase as patients moved from the second dose of the primary scheme to the booster dose. Notably, vaccine combinations with CoronaVac as the primary component showed a higher prevalence of AEFI, while patients with a primary scheme of Gam-COVID-Vac + ChAdOx1-S booster had the lowest rate of adverse events. The severity of reactions was particularly pronounced in the CoronaVac + BNT162b2 and CoronaVac + ChAdOx1-S groups, especially with ChAdOx1-S as the booster. Subsequent to booster administration, there was a general rise in the number of moderate reactions compared to the first and second doses, primarily driven by the CoronaVac + ChAdOx1-S combination.

Previous studies have yielded conflicting results regarding AEFIs. In a study in Thailand involving 875 patients divided into nearly equivalent groups, one with primary and booster doses of CoronaVac and the other with CoronaVac + ChAdOx1-S, showed that patients with the latter combination had significantly lower AEFIs (18.09% vs. 6.43%, p=0.001). Conversely, a study in Brazil in which patients with a primary CoronaVac were divided into groups by either heterologous or homologous booster, indicated a higher prevalence of AEFIs in the heterologous groups compared to the homologous ones, concluding also that the primary CoronaVac + ChAdOx1-S booster group presented greater severity across different symptoms compared to the other vaccine combinations (25, 26). The inconsistency between these two studies could be attributed to differences in population demographics, vaccination protocols, and overall vaccine effectiveness in each respective region and could be the reason for our data to align better with the Brazilian study results. These inconsistencies were assessed in a meta-analysis of 5870 patients, which concluded that, as long as the booster dose was comprised of either an mRNA vaccine or a virus vector vaccine, the incidence of adverse events in the population would be higher (27).

Patients in the groups with Gam-COVID-Vac as the primary vaccine and either BNT162b2 or ChAdOx1-S as the booster experienced only very mild reactions. To the best of our knowledge, no prior studies have explored the reactogenicity of Gam-COVID-Vac primary vaccine plus a heterologous boost. However, earlier research on Gam-COVID-Vac in primary heterologous schemes (mix and matched vaccines) revealed that patients who received this vaccine plus a vaccine from either ChAdOx1-S or mRNA-1273 had only local reactions, not systemic ones (28). A study protocol in Iran has been developed on this specific topic, but results have not been published (29).




4.2 Humoral response to the booster dose

In relation to the humoral response following the administration of the booster vaccine, individuals with a history of infection either preceding the initiation of any vaccination or during the follow-up, displayed a markedly elevated overall antibody titer production. This finding aligns with multiple prior studies that have documented similar outcomes in the monitoring of vaccination regimens, suggesting a potentiation of the immune response generated initially after COVID-19 infection (22, 30).

The median antibody production, spanning from the completion of the vaccination regimen to the booster dose, manifested an approximate 7.4-fold increase, indicating a cumulative rise in antibody titers with each subsequent immunization. However, six months after the booster dose, a noticeable decline in antibody titers was observed, with the most pronounced reduction observed in the group without prior infection compared to the previously infected group, which resembles the waning seen in the preboost measurement. In a study involving 405 healthcare workers who received a homologous booster dose of BNT162b2, the post-booster response exhibited a higher magnitude, primarily determined by the quantity of antibodies post-completion of the vaccination scheme. The study claimed that these patients experienced a more gradual waning of antibodies compared to the decline witnessed after the second dose, a trend not observed in our population (31). Similarly, another study involving 113 healthcare workers, stratified based on primary vaccination (BNT162b2, ChAdOx1-S, or mRNA-1273) and subsequent homologous or heterologous boosters, found that a homologous mRNA-1273 booster exhibited a slower decline in antibody titers, followed closely by homologous BNT162b2, with the ChAdOx1-S + BNT162b2 booster at the end (32). Consistent evidence across multiple studies corroborates the phenomenon of antibodies experiencing a steady waning process in the four to six months following the administration of the booster dose (33, 34).

Notably, the primary vaccination with BNT162b2 showcased the highest median antibody levels before booster dose, regardless of individuals’ prior infection status. Following the booster dose, a remarkable 10.2-fold increase was observed in the naive group, and a 4.2-fold increase in the previously infected group. The Gam-COVID-Vac + BNT162b2 group exhibited the highest median antibody levels, closely followed by BNT162b2 with a homologous booster, for patients with and without a history of infection. Despite an overall decline of approximately 70% in antibody titers six months post-booster, the Gam-COVID-Vac + BNT162b2 booster and Gam-COVID-Vac + ChAdOx1-S groups consistently maintained higher antibody levels than other vaccine combinations, by this showing a slower waning. Previous research has consistently highlighted the superior immunogenicity and efficacy rates of mRNA-based COVID-19 vaccines, such as BNT162b2, during the primary vaccination scheme (35, 36). This sustained higher immunogenicity of BNT162b2 remains even after the booster dose, and has been corroborated in a study involving 352 participants with either CoronaVac or ChAdOx-1 exposed to a booster dose from various vaccines, where a combination with BNT162b2, at either full or half dose, elicited a consistently superior response (37). Furthermore, a network meta-analysis of nine randomized controlled trials concluded that patients receiving a booster of BNT162b2 generate a greater response and higher levels of neutralizing antibodies compared to homologous boosters of non-mRNA vaccines (38). However, intriguingly, the vaccine group displaying higher antibodies six months post-booster were those who had Gam-COVID-Vac as the primary booster. There is a lack of prior studies elucidating antibody titer behavior after a booster dose for patients who had this specific vaccine. The unique mechanism of action of Gam-COVID-Vac, utilizing a replication-deficient adenovirus as a vector with the distinctive use of two adenovirus types (Ad26 and Ad5), differs from other virus-vector vaccines. A booster with either another vector-viral vaccine, such as the replication-deficient chimpanzee adenoviral vector ChAdOx1, or an mRNA vaccine like BNT162b2, could generate a synergistic effect, potentially enhancing immune system activation and providing a more enduring defense against COVID-19 (39–41).

The regression analysis conducted revealed that key variables predicting antibody levels six months post-booster were a positive history of infection before any vaccination scheme and a COVID-19 infection after the booster dose. Notably, the primary Gam-COVID-Vac vaccination scheme plus BNT162b2 booster emerged as a significant predictor, indicating higher antibody titers among vaccination groups. Contrary to some prior studies, age and sex were found to be unrelated to the immunogenicity generated by the vaccine in our analysis. This contrasts with a relevant study involving 514 Israeli healthcare workers after a single BNT162b2 dose, where no significant relation was found between either sex or ethnicity and the humoral response, but highlighted age as a crucial factor in COVID-19 vaccine immunogenicity. Older individuals exhibited a diminished immune response compared to their younger counterparts, a trend first observed in animal models (42, 43).




4.3 Effectiveness against SARS-CoV-2 infection after the booster dose

There was a small decrease in the number of infected patients from the second dose to the booster dose, going from an infection rate of 16.1% to 15%. The most common symptom presented by infected patients after the booster dose was odynophagia followed by cough and myalgia/tiredness, while in contrast cough was the main complaint during infection following the second dose, followed by odynophagia, headache and myalgia. Interestingly, a Chinese study on the clinical profiles of patients with breakthrough Omicron-variant infection found a similar pattern, with tiredness being more common in after-booster infection and cough being more common in patients infected after primary immunization (ie. two doses). Similar to our findings, odynophagia exhibited higher prevalence in booster patients, accompanied by a reduction in cough. However, contrary to our results, fever emerged as the most frequent manifestation for both groups in their study (44). These variations in clinical presentation might be attributed to diverse factors, such as the viral variants affecting our population or the demographic characteristics unique to each population. Notably, our study had a median (IQR) age of 57 (23), while only 10% of patients in the Chinese sample were 46 years or older.

Regarding the likelihood of infection by means of survival analysis, data revealed that variables such as age, sex, arterial hypertension, and type 2 diabetes did not demonstrate significant differences. Moreover, specific vaccine combinations did not exhibit superiority, as survival curves showed no distinctions, even when categorizing vaccination as either heterologous or homologous. The sole predictor of infection was a prior COVID-19 infection before the primary vaccination scheme, which correlated with a reduced likelihood of contracting the disease. Despite the group receiving the primary Gam-COVID-Vac + BNT162b2 booster maintaining the highest antibody titer response after six months and having the lowest infection rate, this did not translate into a lower infection rate prediction. In contrast to our findings, a meta-analysis of 23 studies involving over a million patients indicated higher vaccine effectiveness against SARS-CoV-2 in those with a heterologous combination (96.1%) compared to homologous combinations (84.0%). Interestingly, the same study found similar protection against hospital admission for both heterologous and homologous combinations (97.4% vs. 93.2%), an outcome we weren’t able to examine since none of our patients required hospitalization (45). Another study, utilizing data sources from four European countries and a 1-to-1 matched cohort study on BNT162b2, mRNA-1273 as boosters for homologous and heterologous schemes (BNT162b2, mRNA-1273, ChAdOx1-S), demonstrated high vaccine effectiveness against infection in both homologous boosters (42-88%) and heterologous boosters (70-86%) (46). Our study aligns with the notion that vaccines provide protection against infection and severity but differs in suggesting that one vaccine group may be superior to others. The divergent conclusions among various studies highlight the heterogeneity resulting from the creation and combination of different vaccines, underscoring the need for exploration of less-researched vaccines, such as Gam-COVID-Vac.

This study represents a real-world investigation into booster vaccines, focusing on a broader range of vaccination combinations, including less commonly studied vaccine combinations. We examined these vaccines in a population with persistent challenges related to vaccination—specifically, Mexico and Argentina. Our findings reveal that, regardless of vaccine category as homologous or heterologous, there was no significant change in infectivity rate. Moreover, after a six-month follow-up, no vaccination group demonstrated superior effectiveness compared to the others. This real-world study had inherent limitations, primarily the variability in the number of patients within each vaccine combination group, making it challenging to draw definitive conclusions for combinations with smaller sample sizes, such as CoronaVac + BNT162b2. Additionally, our study would benefit from a more diverse range of booster vaccines beyond Pfizer and AstraZeneca, providing a more comprehensive understanding of vaccine dynamics in different combinations.





5 Conclusions

Both homologous and heterologous COVID-19 booster doses exhibit high effectiveness, immunogenicity, and acceptable safety profiles. A higher incidence of Adverse Events Following Immunization was observed in the primary CoronaVac + ChAdOx1-S booster group, while patients with a primary BNT162b2 scheme, whether with a homologous or heterologous booster, displayed a greater production of antibodies. A sustained and higher level of antibodies was maintained in patients with a primary Gam-COVID-Vac vaccine, regardless of whether the booster was BNT162b2 or ChAdOx1-S. These insights into the safety and efficacy profiles of different vaccine combinations contribute valuable information to the ongoing discourse on optimal vaccination strategies.
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HR, hazard ratio; CI, Confidence Interval. Reference from Male is Female, reference from the vaccine groups is the BNT162b2 plus homologous booster. Dependent Variable is COVID-19
Infection after the booster dose.
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Adverse reaction to the
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Reactions My
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Severe

Adverse reaction to the
second vaccine

Reactions | Very Mild
Severity Mild
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Severe

Adverse reaction to the
booster vaccine

Very Mild
Reactions Mid
Seveilly Moderate
Severe

BNT162b2 +
Homologous

booster
n= 42 (8.6%)

32(762)

14 (438)
11 (34.4)
7(219)

0(0)
25 (625)

15 (60)
6(29)
4(16)

0(0)
20 (57.1)
6(30)
8 (40)

5(25)

1(5)

BNT162b2 +
ChAdOx1-S
n= 27 (5.5%)

21 (778)

14 (66.7)
7(333)
00

0(0)
16 (66.7)

8(50)
7 (438)
1(63)

0(0)
7(259)
3 (429)
1(143)

3 (429)

0(0)

Gam-COVID
-Vac +
BNT162b2
n= 29 (5.9%)

13 (4438)

4(308)
9(692)
0(0)

0(0)
9(310)

1ALy
8 (889)
0(0)
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12 (414)

12 (100)
00

0(0)
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Gam-COVID
-Vac +
ChAdOx1-S
n= 49 (10%)

13 (26.5)

4(308)
7(538)
107)

1(7.7)
11 (224)

3@73)
8(27)
0(0)
00)
9.(18.4)
9 (100)
0(0)

0(0)

0(0)

CoronaVac +
BNT162b2
n= 10 (2%)

6 (60)

4(667)
2(333)
0(0)

0
4.(40)

3(075)
105
0

0(0)
7(87.5)
0(0)
5(714)

2(286)

0(0)

Data are presented as frequencies and percentages. Chi square test was used for comparison. A p-value < 0.05 was considered statistically significant.

CoronaVac +
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=
193 (39.3%)

78 (41.3)

45 (577)
27 (34.6)
5(64)

1013)
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42 (636)
20 (303)
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0(0)
100 (71.4)
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28 28)

3737)

22

ChAdOx1-S +
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Booster
n= 141 (28.7%)

63 (45)

34(576)
14 (237)
11(186)

0(0)
25 (186)

11 (44)
11 (44)
2(8)
1)
14 (3L1)
10 (714)
314

0(0)

1.0)

Total
vaccines
n= 491

226 (46.0)

119 (527)
77 (34.1)
24 (10.6)

2(09)

156 (31.8)

83 (532)
61 (39.1)
11.(7.1)

1(06)

169 (34.4)

73 (432)
45 (266)
46 (272)

4(24)

<0001

0016

<0001

0052

<0001

<0001
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Cl (Confidence Interval) 95%

Variable Standard Error t value p-value
Lower Upper
Intercept 1012.48 476.22 2.126 77 1948 0.034
Age 0.951 8.83 0.108 -16 ' 18 0914
Male sex 72 13839 049 -205 » 339 0627

BNT162b2 + Homologous Booster ‘ ‘ | ‘ ‘

BNT162b2 + ChAdOx1-S 474.62 381.93 1.24 -276 1225 0.215
Gam-COVID-Vac + BNT162b2 1223.91 417.20 293 404 2044 0.004
Gam-COVID-Vac + ChAdOx1-S 622.38 399.45 1.56 -163 » 1407 0.120

CoronaVac + BNT162b2 276.83 I 538.03 0.51 -780 I 1334 0.607

CoronaVac + ChAdOx1-$ 26.79 262.50 0.10 -489 542 0919

ChAdOx1-S + Homologous Booster -385.90 353.36 -1.09 -1080 308 0.275
COVID-19 Infection before vaccination scheme -1377.43 236.07 -5.83 -1841 -914 <0.001
COVID-19 Infection after booster dose 1625.20 219.85 739 1.193 2057 <0.001

Nagelkerke R* = 0.141.
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Before vaccination

38(0) 38(0)
(n=22) (n=42)
587 (108) s
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After First Dose
g 13 (37.2)
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Data are presented as median and interquartile ranges. Mann-Whitney U, Kruskal-Wallis, and Friedman tests were used for comparison. A p-value less than 0.05 was considered significant.
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BNT162b2 + Gam-COVID  Coronavac =~ C°"°M3Va¢  cpagoxa-s +

Variables Raidci Chdorts | CraNTigRbz Lase + Chadoxt.s  Homologous %8
ooster n= 27 (5.5%) n= 29 (5.9%) ChAdOx1-S BNT162b2 193 Booster n= 491
n= 42 (8.6%) n= 49 (10%) n= 10 (2%) (39.3%) n= 141 (28.7%)
Female 27 (64.3) 9(33.3) 16 (55.2) 29 (59.2) 5 (50) 96 (49.7) 70 (49.6) 252 (51.3) 0233
Age® 44 (13) 34(8) 66 (9) 72(22) 485 (19 51(11) 71(15) 57 (23) <0.001
Age 260 2(48) 0(0) 28 (96.6) 47 (95.9) 2(20) 0(0) 129 (91.5) 208 (42.4) <0.001
Hypertension 7(16.7) 137) 11 (37.9) 27 (85.1) 3(30) 45 (23.3) 67 (47.5) 161 (32.8) <0.001
Obesity 6(143) 7(59) 5172 8163) 2(0) 62 (21) 53.(37.6) u3Eon) o001l
Dyslipidemia 3(7.0) 2(74) 9(31.0) 20 (40.8) 4 (40) 27 (139) 40 (28.4) 105 (21.4) <0.001
‘Type 2 Diabetes Melltus 208) 0 1(4) 14 (286) 360) 25 (129) 7.(333) 92(87) | <0001
Asthma 00 00 00 00) 100 526) 2(10) 86 021
corp 0@ 0 1 (34) 120 0@ 0@ 2(10) 108 | 039
Smoking 5(119) 6(222) 4(138) 4(82) 0(0) 21(10.9) 6(42) 46 (94) 0057
Kidney disease 1(24) 0(0) 0(0) 0(0) 0(0) 3(15) 4(28) 8 (1.6) 0.765
Active neoplasia 0 0 0 0@ 00 0@ EYen) 306 o0
Previous neoplasia 00 0 00 0@ o) 305 18 1Es) | 0006
Auial ibrllaion 0 00 3(103) 162 100 2(10) 6(2) 1662 006
Chronic heart fulure 00 0 5172 5163) 0] 00 5(5) 18(37) | <0000
Previots cargtary 124 0 3(103) 9(184) 0 2010) 5(35) 0@ | <0001
artery discase
Previous stroke 00 0 00 0@ 0 105) 108 50 | 037
Hepatic steatosis 00 0 2(69) 120) 0 9(7) 5(5) 1765 | osss
Cirhosis 00 00 00 0 0 103) 204) 306 0868
Other liver discases 00 0 1(4) 24 110 305 2(14) 5 (1) 032
i 00) 00 164) 5(163) 00 1@ 1499) 2765 <000
theumatological diseases
Othés e Sy dleases 30 167 0 00 0 13(67) 15.(106) 265 0107
such as thyroidits or psoriasis
it im:xr::::::;kssams 2048) 00) 1G4) 10 00) 105) 1(07) 6(12) 0287
Gout 00 00) 3(103) 361 0 7(6) 1108) u@9) | o157
Susgery within the faat year 2048 167) 1(34) 120) 100) 81 1302 2755 038

under general anesthesia

Data are presented as frequencies and percentages. Chi square test was used for comparison. A p-value < 0.05 was considered statistically significant. * This variable is presented in median (IQR) and the p-value calculated with the Kruskal-Wallis test
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Total BNT162b2 + ChAdOx1-S +

BNT162b2 + Gam-COVID-Vac Gam-COVID-Vac CoronaVac + CoronaVac +

SARS GOV | vaccinesi S Homologous ChAdOX1-S  + BNT162b2 +ChAdOXL-S  BNT162b2  ChAdOXI-S Hemologous
2lptectonliiif 191 Booster n=27(55%)  n=29(59%) n=49(10%  n=10(2%) n= 193 (39.3%) pooster
[2) n= 42 (8.6%) : ¢ ; n= 141 28.7%)
Before Vaccination 151 (30,8%) 20 (47.6%) 8(29,6%) 7 (24,1%) 7 (14,3%) 4 (40%) 81 (42%) 24 (17%) <0,01
After First Dose 6(1.2%) 1(24%) 1(3,7%) 0 (0%) 1(2%) 0(0%) 2(1%) 1(0.7%) 0,814
After Second Dose 79 (16,1%) 0 (0%) 8(29,6%) 0 (0%) 1(2%) 1(10%) 59 (30,6%) 11 (7,8%) <0,01
After Booster Dose: 73 (15%) 5 (12%) 4 (15%) 2 (6,9%) 8 (16%) 4 (40%) 31 (16%) 19 (13%) <0,01

SARS-CoV-2 Infection Before Vaccination

Symptoms.
Fever 28 (18,5%) 2(10%) 2(25%) 0.0%) 2 (286%) 15%) 17 (209%) 4(166%) 0586
Feverish 27 (17.9%) 8 (40%) 2(25%) 1(143%) 1(143%) 1(25%) 13 (16%) 142%) 0054
Cough 41 (27,1%) 8 (40%) 2(25%) 0 (0%) 1(14,3%) 0(0%) 23 (28,4%) 7 (292%) 0,762
Headache 48 (31,8%) 8 (40%) 2(25%) 0.0%) 1(143%) 15%) 29 (35,8%) 7292%) 0861
Dyspnea 33 (21.8%) 3(15%) 3(37,5%) 1(143%) 2 (286%) 0(0%) 17 (209%) 7(292%) 0319
Conjuntivitis 5(33%) 1(5%) 0(0%) 0.0%) 1(143%) 0.(0%) 337%) 0.(0%) 0447
Palpitations 16 (10,6%) 2(10%) 0(0%) 1(143%) 1(143%) 0.(0%) 9 (11.1%) 3(125%) 0674
“Thoracic Pain 24 (159%) 5 (25%) 1(12,5%) 0 (0%) 0 (0%) 0 (0%) 15 (18,5%) 3 (12,5%) 0,897
‘Odynophagia 41 (27,1%) 7 (25%) 2(25%) 0 (0%) 2(28,6%) 0(0%) 24 (29,6%) 6 (25%) 0828
Myalgias 51 (33,8%) 9 (45%) 2(25%) 1(14,3%) 2 (28,6%) 1(25%) 26 (32,1%) 10 (41,7%) 0,939
Arthralgias 39 (25.8%) 9 (45%) 1(12,5%) 1(14,3%) 1(14,3%) 1(25%) 21 (259%) 5 (20,8%) 0,689
Anosmia 49 (324%) 8 (40%) 1(12,5%) 1(14,3%) 1(14,3%) 1(25%) 29 (35.8%) 8(33,3%) 0879
Tiredness 19 (12,6%) 6 (30%) 2(25%) 1(14,3%) 1(14,3%) 1(25%) 7 (8,6%) 1(4.2%) 0,037
Diarthea 16 (10,6%) 40%) 0(0%) 0.0%) 1(143%) 1(5%) 899%) 2(8:3%) 0,606
Vomiting 9(5.9%) 2 (10%) 0(0%) 00%) 1(143%) 0.(0%) 4(4.9%) 2(8.3%) 0653
Nausea 2.(13%) 0(0%) 0(0%) 0.0%) 1(143%) 0.(0%) 101.2%) 0(0%) 0210
Treatment
Ambulatory 92 (60.9%) 15 (75%) 3(37,5%) 1(143%) 2 (286%) 3(75%) 53 (65.4%) 15 (62,5%)
Hospitlization | 10 (6,6%) 1(5%) 1(12,5% 1(14.3%) 2 (286%) 0.(0%) 367%) 2/(83%) o
Treatment
C‘:‘r’e";';; 107%) 0 (0%) 10125%) 0.(0%) 0.(0%) 0.(0%) 0.(0%) 0(0%)
Need for supplementary oxygen
Total 7 (4.6%) 1(5%) 2(25%) 0 (0%) 0 (0%) 0 (0%) 3(37%) 1(4.2%) 0,261
Nasal Cannula | 4 (57.1%) 1(100%) 1(50%) 0.0%) 0.0%) 0.(0%) 1(33%) 1(100%)
mbm“[::{' ek |1 (142%) 0(0%) 0.(0%) 00%) 0.(0%) 0.(0%) 1(333%) 0(0%)
High 1.000
B eqdlpment 00%) 0 (0%) 0(0%) 0.0%) 0.0%) 0.(0%) 0.(0%) 0(0%)
Onotndheal. | 5 a7y 0(0%) 1 (50%) 00%) 00%) 0(0%) 1(333%) 00%)
Intubation
SARS-CoV-2 Infection After 1st Dose
Symptoms
Fever 3(50%) 0(0%) 1(100%) 0.0%) 1(100%) 0(0%) 1(50%) 0(0%) 1,000
Feverish 2(333%) 0 (0%) 0(0%) 0.0%) 0.0%) 0.(0%) 2 (100%) 0(0%) 0401
Cough 2(333%) 0 (0%) 0(0%) 0.0%) 0.0%) 0.(0%) 2 (100%) 00%) 001
Headache 3(50%) 0(0%) 1(100%) 0.0%) 0.0%) 0.(0%) 1(50%) 1(100%) 1,000
Dyspnea 1(16,6%) 0(0%) 1(100%) 0.0%) 0.0%) 0.(0%) 0.(0%) 0.(0%) 0,602
Conjuntivitis 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Palpitations 1(16,6%) 0(0%) 0(0%) 0.0%) 0.0%) 0.(0%) 1(50%) 0.(0%) 1,000
Thoracic Pain 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Odynophagia | 2 (33.3%) 0(0%) 1(100%) 0.0%) 0.0%) 0.(0%) 1(50%) 0(0%) 1,000
Myalgias 0.0%) 0(0%) 0.(0%) 00%) 0.(0%) 0(0%) 0.(0%) 0(0%)
Arthralgias 2(33,3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(50%) 1 (100%) 1,000
Anosmia 1(16,6%) 0(0%) 0.(0%) 0.0%) 0.0%) 0.(0%) 1(50%) 0(0%) 1,000
Tiredness 2(333%) 0(0%) 0.(0%) 0.0%) 1(100%) 0.(0%) 1(50%) 0.(0%) 1,000
Symptoms.
Diarthea 1(16:6%) 0(0%) 0(0%) 00%) 0.0%) 0.(0%) 1(50%) 0.(0%) 1,000
Vomiting 1(16,6%) 0(0%) 00%) 0.0%) 0.0%) 0.(0%) 1(50%) 0.(0%) 1,000
Nausea 1(16,6%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0(0%) 0 (0%) 1 (100%) 0,602
Treatment
Ambulatory 4 (66,6%) 0 (0%) 1(100%) 0 (0%) 1 (100%) 0 (0%) 1(50%) 1 (100%) 1,000
Hospital 1(16,6%) 0(0%) 00%) 0.0%) 0.0%) 0.(0%) 1(50%) 0(0%) 1,000
2:‘3:3 00%) 0(0%) 0.(0%) 00%) 00%) 0.(0%) 0.(0%) 0.(0%)
Need for supplementary oxygen
Total 0.0%) 0(0%) 0(0%) 0.0%) 0.0%) 0.(0%) 0.(0%) 0.(0%)
Nasal Cannula 0 (0%) 0(0%) 0(0%) 0.0%) 0.0%) 0.(0%) 0.(0%) 0.(0%)
ubm’:‘::{' sk 00%) 0 (0%) 0 (0%) 0.(0%) 0.(0%) 0.(0%) 0.(0%) 0(0%)
ow :iﬁ;mcnl 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0(0%) 0 (0%) 0(0%)
Dmlrac!wal 00%) 0.(0%) 0 (0%) 0(0%) 0(0%) 0(0%) 0 (0%) 0(0%)
Intubation
SARS-CoV-2 Infection After 2nd Dose
Symptoms
Fever 18 (22,8%) 0 (0%) 2(25%) 0 (0%) 0 (0%) 1(100%) 14 (23,7%) 1(9,1%) 0.270
Feverish 12 (15.2%) 0 (0%) 1(12,5%) 0 (0%) 0 (0%) 0 (0%) 10 (16.9%) 1(9,1%) 1,000
Cough 50 (63,3%) 0 (0%) 4(50%) 0 (0%) 0 (0%) 0(0%) 41 (69,5%) 5 (45,5%) 0,150
Headache 37 (46.8%) 0 (0%) 4(50%) 0 (0%) 0 (0%) 1 (100%) 30 (50,8%) 2 (18.2%) 0,143
Dyspnea 3 (3:8%) 0(0%) 0(0%) 0.0%) 0.0%) 0.(0%) 2(34%) 19.1%) 0589
Conjuntivitis 3 (3.8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (3.4%) 1(9.1%) 0,589
Palpitations 3 (38%) 0(0%) 2(25%) 0.0%) 0.0%) 0.(0%) 1(17%) 0(0%) 0019
Symptoms.
Thoracic Pain 7 (89%) 0 (0%) 0(0%) 0.(0%) 0.0%) 0(0%) 6(102%) 10%) 1,000
Odynophagia | 40 (50.6%) 0(0%) 5 (625%) 0.0%) 0.0%) 0.(0%) 30 (50,8%) 5(455%) 0862
Myalgias 33 (41,8%) 0(0%) 2 (25%) 0(0%) 0(0%) 1(100%) 28 (47,5%) 2(182%) 0,108
Arthralgias 23 (29,1%) 0(0%) 2(25%) 0.0%) 0.0%) 0.(0%) 18 (305%) 3(273%) 1,000
Anosmia 15 (19%) 0 (0%) 1(12,5%) 0 (0%) 0 (0%) 0 (0%) 12 (20,3%) 2(1822%) 1,000
Tiredness 19 (24,1%) 0(0%) 3(37,5%) 0.0%) 0.0%) 0.(0%) 13 (22%) 3(273%) 0,69
Diarrhea 5 (6,3%) 0 (0%) 1(12,5%) 0 (0%) 0 (0%) 0 (0%) 3 (5,1%) 1(9,1%) 0,696
Vomiting 1(13%) 0(0%) 0(0%) 0.0%) 0.0%) 0.(0%) 1017%) 0.(0%) 1,000
Nausea 0.0%) 0(0%) 0.(0%) 00%) 0.0%) 0.(0%) 0.(0%) 0.(0%)
Treatment
Ambulatory 70 (88,6%) 0(0%) 8 (100%) 0.0%) 0.0%) 1(100%) 58 (98.3%) 10 (909%)
Hospitaization | 2 (2,5%) 0(0%) 0(0%) 0.0%) 0.0%) 0.(0%) 1017%) 10%) o
(I;:ri"lx;:l 0.(0%) 0 (0%) 0.(0%) 0.(0%) 0.(0%) 0.(0%) 0.(0%) 0.(0%)
Need for supplementary oxygen
Total 1(1,3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0(0%) 0 (0%) 1(9,1%) 0,509
Nasal Cannula 1(13%) 0(0%) 0(0%) 0.0%) 0.0%) 0.(0%) 0.(0%) 101%)
“b"::: sk 0(0%) 0 (0%) 0.(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
High 0,249
i 00%) 0(0%) 0(0%) 0.0%) 0.(0%) 0.(0%) 0.0%) 0.(0%)
?::b“:l"'::l 0.(0%) 0.(0%) 0.0%) 0.(0%) 0.(0%) 0.(0%) 0.(0%) 0.(0%)
SARS-CoV-2 Infection After 3rd Dose
Symptoms
Fever 19 (26%) 0(0%) 3(4,1%) 0.0%) 0.0%) 1(14%) 12 (164%) 3 (4.1%) 0,066
Feverish 11 (15%) 0(0%) 1(14%) 0.0%) 0.0%) 3(4.1% 6(82%) 1(14%) 0013
Cough 29 (39.7%) 1(14%) 4(55%) 0 (0%) 1(7.1%) 1(25%) 15 (20,5%) 7 (9:6%) 0,180
Headache 27 (36.9%) 2.@7%) 2@7%) 0.0%) 1055 1(55%) 12 (164%) 3 (4.1%) 0053
Dyspnea 4 (54%) 1(1,4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (2.7%) 1(1.4%) 0,791
Conjuntivitis 5 (68%) 0(0%) 0(0%) 0.0%) 0.0%) 0.(0%) 3 (41%) 2.27%) 1,000
Palpitations 4(54%) 1(14%) 0(0%) 0.0%) 0.0%) 1(14%) 0.0%) 227%) 009
Thoracic Pain 3 (4.1%) 0(0%) 00%) 0.0%) 0.0%) 0.(0%) 27%) 1(14%) 1,000
Odynophagia | 37 (50,6%) 227%) 3 (42%) 1(14%) 0.(0%) 4(5.5%) 20 (274%) 7(9:6%) 0,005
Myalgias 28 (38,3%) 0(0%) 4(5.5%) 227%) 4(5.5%) 3(41%) 12 (164%) 3 (4.1%) 0,008
Arthralgias 19 (26%) 0 (0%) 2(27%) 2(2,7%) 1 (1,4%) 2 (2.7%) 9 (12,3%) 3 (4,1%) 0,106
Anosmia 9.(12,3%) 0(0%) 0(0%) 0.0%) 0.0%) 1(14%) 6(82%) 27%) 0,665
Tiredness 28 (38.3%) 1(1,4%) 0 (0%) 2(27%) 7 (9.6%) 1(1,4%) 10 (13,7%) 7 (9:6%) 0,012
Diarrhea 1(13%) 0(0%) 1(14%) 0.0%) 0.0%) 0.(0%) 0.(0%) 0(0%) 0216
Vomiting 2.7%) 0(0%) 0(0%) 0.0%) 0.(0%) 1(14%) 1(14%) 0(0%) 029
Nausea 0.0%) 0(0%) 00%) 0.0%) 00%) 0.(0%) 0.(0%) 0(0%) -
Treatment
Ambulatory 73 (100%) 5 (100%) 5 (100%) 2 (100%) 8 (100%) 4 (100%) 31 (100%) 18 (100%)
Hospitalization 0.0%) 0(0%) 0(0%) 0.0%) 0.0%) 0.(0%) 0.0%) 0(0%)
é::‘z;:\; 0.(0%) 0.(0%) 0.(0%) 0.(0%) 0(0%) 0(0%) 0.(0%) 0.(0%)
Need for supplementary oxygen
Total 1(1,4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(5.55%) 0,574
Nasal Cannula | 1 (100%) 0(0%) 0(0%) 0.0%) 0.0%) 0.(0%) 0.0%) 1(100%)
wbmf“":{' " 0.(0%) 0.(0%) 0.0%) 0.(0%) 0.(0%) 0.0%) 0.(0%) 0.(0%)
High
flow equipment 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Octradi] 0(0%) 0.(0%) 0.(0%) 0(0%) 0(0%) 0.(0%) 0.(0%) 0.(0%)
Intubation

Data are presented as frequencies and percentages. Fisher's Exact test with Monte Carlo approximation was used for comparison. A p-value <0.05 was considered statistically significant,





