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Abstract

Background

Although there has developed an increased interest in the vaccines BNT1622b2 

(Pfizer/BioNTech), mRNA-1273 (Moderna/NIAID), and ChAdOx1 nCoV-19 

(AstraZeneca/University of Oxford), there are still few reports describing the immune 

response induced by different vaccine platforms in real-world settings of low-income 

countries. Here, we proposed to analyse the humoral immune response elicited by the primary 

vaccines used in Argentina from July-December 2021. 

Methods 

Anti-SARS-CoV-2-Spike-RBD IgG and neutralising antibodies were assayed by ELISA in 

a total of 871 serum samples obtained from 376 volunteers from an educational staff. The 

individuals were vaccinated with BBIBP-CorV (Sinopharm), ChAdOx1 nCoV-19 

(AstraZeneca/University of Oxford, AZ), Gam-COVID-Vac (Sputnik V, SpV) or combined 

vaccines (mostly SpV and mRNA-1273, Moderna). The antibody response was analysed 

several days after the initial vaccination (20, 40, 120 and 180 days). 

Results

After receiving at least one dose of the COVID-19 vaccine, we detected 93.34% of 

seroprevalence. Previously SARS-CoV-2 infected showed higher antibody concentrations 

compared with naïve vaccinees. Six months after the initial vaccination, combined 

vaccination induced higher anti-SARS-CoV-2 antibody levels than the other vaccines in 

naïve volunteers. However, we did not find differences in the neutralising responses after any 

vaccine from naïve vaccines or between the naïve and previously infected volunteers on day 

120 after vaccination. 
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Conclusions

Our long-term analysis of volunteers from the educational system provides data in a real-

world context, showing the benefits of a boost dose still in previously infected volunteers, 

and suggesting the advantages of a heterologous prime-boost schedule.

Keywords BBIBP-CorV; Sinopharm; ChAdOx1nCoV-19; AstraZeneca; Gam-COVID-Vac; 

Sputnik V.



5

Introduction

In the COVID-19 pandemic, vaccines have once again demonstrated to be an effective public 

health strategy. Since the beginning of the pandemic, there has been a clear political and 

scientific tendency to develop several vaccines within a short time to control the 

overwhelming effects of the SARS-CoV-2 infection [1]. 

The vaccination for COVID-19 in Argentina started on 29 December 2020. As of early 

February 2022, 76.5% of the population has been fully vaccinated. To date, seven vaccines 

have been approved for use in Argentina. Non-replicating adenovirus vector vaccines Gam-

COVID-Vac (Sputnik V, SpV), ChAdOx1nCoV-19 (AstraZeneca/University of Oxford, AZ; 

or AstraZeneca/Serum Institute of India, Covishield),  and Ad5-nCoV (CanSino), the 

inactivated SARS-CoV-2 (whole virus) vaccine (BBIBP-CorV, Sinopharm), and the mRNA 

vaccines mRNA-1273 (Moderna) and BNT162b2 (Pfizer) [2-13] have been widely applied. 

Vaccine efficacy has been demonstrated in many clinical trials. Recently, Rearte et al. (2022) 

showed that Gam-COVID-Vac and ChAdOx1nCoV-19 used in Argentina effectively reduce 

infection and death by SARS-CoV-2 and COVID-19 [14]. However, reports in real-world 

contexts are still necessary. Analyses of the immune response induced by different vaccine 

platforms are essential to improve the control of the COVID-19 pandemic.

Many studies have explored the waning or persistence of antibodies elicited from other 

different vaccines platforms [6, 8, 9, 15-21]. In Argentina, recently, only two works by 

Chahla et al. [22] and Gonzalez Lopez Ledesma et al. [23] have followed 118 and 602 

healthcare workers from Tucumán or Buenos Aires, respectively, after vaccination with 

Sputnik V. Evaluation of how local populations respond to the different vaccines applied in 
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developing countries such as Argentina is fundamental for improving the public healthcare 

measures in the pandemic.  

San Luis, one of the 23 provinces of Argentina, located west of the country, has been one of 

the most affected by the pandemic, with more than 145 000 infections and 1527 COVID 

deaths in a population of 502 003 inhabitants. Its capital, the homonymous San Luis, and 

Villa Mercedes are the most populous cities in the province. Since the National University 

of San Luis has its main schools in San Luis and Villa Mercedes, our study included 

volunteers from these cities.

In the present work, we examined the anti-S/RBD antibody response induced by the primary 

vaccines used in Argentina in 2021 in a cohort of 376 volunteers from the educational staff 

of the National University of San Luis, Argentina. Our second objective was to study the IgG 

antibody response of naïve or previously SARS-CoV-2 infected volunteers at five-time 

points after the initial vaccination. Since neutralising antibodies are associated with 

protective immunity, as the third objective, we evaluated the neutralising capacity of the 

antibodies over time by using a commercial kit that uses a well-established ELISA 

technology. We hypothesize that different platform COVID-19 vaccines induce similar 

protective humoral immune responses over time. Our results may contribute to the 

documentation concerning the humoral response after COVID-19 vaccination in a real-world 

scenario.

Methods

Population studied
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Participants were recruited through advertisements posted on the institutional website of the 

National University of San Luis. During the early stages of this study, the only vaccines 

approved for use in Argentina were the Sputnik V, Sinopharm, Covishield and AstraZeneca, 

while Moderna, CanSino and Pfizer vaccines were approved later in the year for heterologous 

vaccination. In July 2021, 500 volunteers aged 18 to 70 years old of the educational 

community, administrative and general service staff immunised with Sinopharm, Sputnik V 

(SpV), AstraZeneca (AZ) vaccine or combined vaccination were enrolled. Blood samples 

were obtained at 20, 40, 80, 120 and 180 days after initial vaccination between July and 

December 2021. All participants provided written Informed Consent prior to collecting data 

and specimens. 

Moreover, the participants completed questionnaires regarding demographic information, 

medical history, and risk factors for SARS-CoV-2 exposure. Participants self-reported any 

personal history of immunocompromise, lung disease, cardiovascular disease, diabetes, and 

symptoms and characteristics of the COVID-19 clinical course. Side effects after vaccination 

were also screened and classified as mild (pain at injection site, fever, headache, fatigue, 

general malaise, dizziness, gastrointestinal symptoms) or severe (any effect requiring 

hospitalisation). Personal data from all volunteers were encrypted. The inclusion criteria 

were: individuals of the institution enlisted to receive a COVID-19 vaccine and who signed 

the Informed Consent. The exclusion criterium was: individuals with current COVID-19 

diagnosis or symptoms. The Ethical Committee of the San Luis Hospital (San Luis, 

Argentina) approved this study. A total of 871 serum samples from 376 volunteers (this 

number from 500 enrolled participants corresponds to a 75.2% response) were analysed. 

From the total cohort (N= 376), the number of participants who provided samples for each 
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time point is indicated in Table 1. Depending on the analysis to be performed, the samples 

were classified according to the vaccine they received (Sinopham, AZ, SpV or combined 

vaccination) and subdivided into groups of volunteers without (naïve) or with previous 

SARS-CoV-2 infection (infected) defined by diagnosis RT-PCR or rapid antigen tests. 

Individuals infected during the study (N=17) were excluded from the analysis (Table 1).

Blood and serum recollection

Blood was collected by venipuncture into polypropylene tubes with silica particles to 

accelerate clotting (Tecnon, Buenos Aires, Argentina). For serum recollection, the blood was 

incubated for 1 h at room temperature and later centrifugated at 3000 rpm. Three aliquots of 

200 ul were recollected and stored at −20 °C until antibody determination. 

Anti-SARS-CoV-2 IgG antibodies measurements

The concentration of IgG antibodies specific to the SARS-CoV-2 spike and receptor-binding 

domain (RBD) was performed with the COVIDAR IgG ELISA kit (Lemos Laboratory SRL, 

Buenos Aires, Argentina) according to the manufacturer's instructions [24]. Briefly, serum 

samples were diluted in sample diluent and added to the wells coated with a mixture of spike 

and RBD and incubated for 1 h at 37 °C. After three washes with a Microplate well washer 

(BioRad, Hercules, CA, USA), horseradish peroxidase (HRP)-conjugated anti-human IgG 

antibodies were added to the wells and incubated for 30 min at 37 °C. The peroxidase reaction 

was visualized by incubating the plates with TMB solution for 30 min at 37 °C. Stop solution 

was added, and the optical density (OD) was measured at 450 nm in an ELISA microplate 

reader (EPOCH, BioTek Instruments GmbH, Bad Friedrichshall, Germany). We defined 

seropositivity using a cut-off value calculated following the manufacturer's instructions. The 

SARS-CoV-2 antibody concentration of each sample expressed in International Units/ml 
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(IU/ml) was calculated by extrapolating the value on a calibration curve. This calibration 

curve was made with the OD450 nm of the serial dilutions of a standard of 400 IU/ml adjusted 

according to the first WHO International Standard for anti-SARS-CoV-2 immunoglobulin 

and provided by the commercial kit (NIBSC Code 20/136). The linear range used was an 

OD450 of 0.1 to 2. The sensibility of the assay was 4.03 IU/ml and its specificity was 100%.

Determination of neutralising anti-SARS-Cov-2 antibodies

The determination of neutralising antibodies was performed with the commercially available 

ELISA NeutraLISA SARS-CoV-2 kit (Euroimmun, Lübeck, Germany) on serum samples 

according to the manufacturer's instructions. Samples were diluted in a sample buffer 

containing soluble biotinylated angiotensin-converting enzyme 2 (ACE2) and incubated for 

1 h at 37 °C in the plate wells coated with recombinant S1/RBD domain of the Spike protein 

from SARS-CoV-2. During this time, the neutralising antibodies present in the sample 

compete with the ACE2 receptor for the binding sites of the S1/RBD proteins. The 

biotinylated ACE2 bound to S1/RBD was detected by incubating the wells with peroxidase-

labelled streptavidin for 30 min at room temperature. The peroxidase reaction was visualized 

with TMB solution for 15 min at room temperature. Finally, a stop solution was added, and 

OD was measured at 450 nm. The results were calculated as a percentage of inhibition (%IH), 

using the following equation: %IH = 100% - (extinction patient sample x 100%/extinction of 

blank mean). 

Statistical analysis

All statistical tests and plots were performed using GraphPad Prism 8.0 software (GraphPad, 

San Diego, CA, USA). Geometric means and 95% confidence intervals of the antibody levels 

at each time point were calculated in each vaccine group. The normality of the data 
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distribution was analysed by the Shapiro-Wilk test. One-way ANOVA with Tukey's multiple 

comparisons test was used to assess differences among the vaccines after the first dose, the 

age groups per vaccine, the kinetic analysis or the neutralising antibodies. At the same time, 

a two-way ANOVA analysis was used to evaluate differences associated with sex or age. 

Comparisons of the antibody concentration of naïve vs previously infected volunteers were 

made using multiple t-tests. Due to little data on 20 days, the statistical analysis could not be 

performed at this time point; however, the data on day 20 were included in figure 4. 

Comparison of neutralising antibody levels on 40 vs 120 or 180 days after the first dose were 

made using a paired t-test and between naïve and previously infected volunteers using Mann 

Whitney U test. Statistical significance is shown in the figure legends with the following 

notations: asterisks for differences between naïve and previously infected volunteers, or 

among vaccinations (*p<0.05; **p<0.01; ***p<0.001, ****p<0.0001); numeral for 

differences among the time points in each vaccination (##p<0·01); ns: not significant. 

Results

Our study included 376 participants who had received at least one dose of the vaccines used 

in Argentina during the initial vaccination campaign in 2021. Our population was 

overrepresented by individuals with high educational levels (65% had a university education 

level). Table 1 shows the demographic data of the volunteer population. The distribution 

across broad age categories was similar in the participants who received the different 

vaccines. No significant differences were found between the groups concerning the values 

generated when immunised with the different vaccines and blood types or sex after the 

second dose. The antibody response was analysed after the initial vaccination on days 20, 40, 

80, 120 and 180, as represented in Figure 1a.   
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Anti-SARS-CoV-2 antibodies were detected in 350 out of 376 volunteers receiving at least 

one dose of COVID-19 vaccine assessed at a time point of more than 20 days (seroprevalence 

93.34%). Overall, 84.5% (109/129) participants who received Sinopharm, all participants 

who received AZ (107/107, 100%), all but two immunised with Sputnik V (87/89, 98%), and 

all but one participant with combined vaccination (47/48, 98%) resulted positive in at least 

one sample after initial vaccination (Fig. 1b). These prevalence differences were significantly 

higher for AZ, Sputnik V and combined vaccination compared with Sinopharm (Figure 1b).

When evaluating the antibodies produced in the volunteers after the first dose of the applied 

vaccine, we can observe that both AZ and SpV produced higher IgG levels than the 

volunteers who received Sinopharm (Fig. 2a). This observation agrees with the 

seroprevalence value found in volunteers vaccinated with Sinopharm (Fig. 1b).

On the other hand, we evaluated the concentration of antibodies produced by the different 

vaccines (Sinopharm, AZ, SpV and those combined) concerning the age of the volunteers. 

As a result, we found that the lowest antibody response generated by volunteers vaccinated 

with Sinopharm is maintained in the age range 20-59 years (Fig. 2b). Besides, the combined 

vaccines were the ones that produced a higher antibody response in all the ranges studied. 

Moreover, volunteers who were 60 or older vaccinated with Sputnik V showed a reduced 

response compared with the group of 50-59 years (Fig. 2b). Notably, when we determined 

the values produced by volunteers over 60, no significant differences were found between 

the different vaccines (Fig. 2b). In addition, when the influence of sex on antibody production 

was evaluated after applying the first dose, we found that women who received Sputnik V 

generated higher IgG levels than men (Fig. 2c). This difference had not been previously 
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reported for this vaccine, but it should be noted that it is lost after applying the second dose 

(Fig. 2d). 

Among the volunteers who participated in the study, 73 individuals declared having been 

infected (verified diagnosis with antigen test or PCR). In 52% of this population, the time 

elapsed between diagnosis and the first dose of vaccinations was more than 120 days. In 

addition, 17 contracted the virus during the study: 10 after the first dose (five received AZ, 

four SpV and one combined vaccination) and seven after the second dose (three Sinopharm, 

one AZ, two SpV, and one combined vaccination). The data on the antibody level of the 

infected volunteers after vaccination were removed from the analysis.

We compared the kinetic of the IgG anti-SARS-CoV-2 levels in naïve and previously 

infected volunteers of our cohort. We found that previous SARS-CoV-2 exposition increased 

the antibody concentration after vaccination with the analysed vaccines (Fig. 3a-d). 

Interestingly, a second dose was a booster in naïve and previously infected volunteers in all 

vaccinations except in previously infected participants vaccinated with Sinopharm (Fig. 3a). 

The anti-SARS-CoV-2 antibody level diminished in naïve volunteers (p<0·001, compared 

day 40 vs 120 or 180 after Sinopharm vaccination; p<0·001 compared day 80 vs 180 after 

AZ vaccination) (Fig. 4a). In contrast with naïve volunteers (Fig. 4a), when we compared the 

antibody response in the kinetic analysis in those infected before vaccination, we found that 

Sinopharm induced significantly lower antibody levels than the other vaccination on days 80, 

120 and 180 (Fig. 4b). In the same line, six months after initial vaccination, the anti-SARS-

CoV-2 antibody level was significantly lower after Sinopharm immunisation when compared 

with the other vaccines in naïve (Fig. 4c). Interestingly, on day 180, combined vaccination 
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induced a higher antibody level than all vaccines in naïve volunteers (Fig. 4c) or than Sino 

and SpV vaccinated participants who had been previously infected (Fig. 4d). 

Despite the anti-SARS-CoV antibody waning on day 120 after Sino or AZ vaccination, we 

noted the persistence of neutralising antibody activity (Fig. 5a and b). Due to the different 

intervals between the doses, both SpV and combined vaccination increased both anti-SARS-

CoV concentration and neutralising antibodies (Fig. 5c and d). Therefore, we analysed the 

neutralising activity on day 180, corresponding to three months after the second dose, and 

surprisingly, we also observed an increase in neutralising antibody activity at this time (Fig. 

5e and f). Remarkably, we did not find differences in the neutralising responses after any 

vaccine from naïve vaccinees or between the naïve and previously infected volunteers on day 

120 after vaccination (Fig. 6a and b).

Discussion

We have studied the anti-SARS-CoV-2 antibody response after immunisation with the 

vaccines available in 2021 in Argentina in volunteers of an educational cohort in San Luis, 

Argentina. The high seroprevalence detected for each vaccine (93·34%) confirms findings 

from previous studies [2-9] as well as reports in health workers from Argentina vaccinated 

with Sputnik V [22, 23, 25]. Strengths of the present study include the long-term analysis 

(until 180 days) of the humoral immune response after three COVID-19 vaccines, including 

heterologous prime-boost schedule, in a real-world context. Moreover, the proportion of 

vaccines used in our population was similar to that of the general population of Argentina in 

2021. It is also important to note that no severe side effects were reported in the volunteers 

(Table 1).
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In contrast to other reports that have studied the anti-SARS-CoV-2-antibody response on 

vaccinees from the public healthcare personnel, we focused our analysis on volunteers from 

the educational system. We compared the immune response of naïve volunteers and those 

infected before vaccination. In this regard, 73 (19.4%) of the 376 recruited participants 

reported SARS-CoV-2 infection before vaccination, reflecting the pandemic´s impact on an 

educational cohort of Argentina. 

After the first dose, we found higher anti-Spike/RBD IgG levels in the volunteers who 

received AstraZeneca or Sputnik V than those who received Sinopharm (Fig. 2a). In the same 

line, different immune responses between one dose and two doses, and after the adenoviral-

vectored vaccines versus the whole-cell inactivated vaccine have been suggested [26]. 

Consequently, the 21-28 days interval between doses has been recommended for Sinopharm, 

and an increased interval has been suggested for the AstraZeneca vaccine [27]. The same 

strategy was extended to other vaccine platforms.

Our study comprised vaccinated individuals between 20 to 70 years old, mostly female 

(69.4%) (Table 1). Interestingly, we found that women who received the first dose of Sputnik 

V generated higher IgG levels than men (Fig. 2c), but this difference was lost after the second 

dose (Fig. 2d). Consistent with this result, sex differences following common vaccines have 

been reported; more precisely, women developed higher antibody responses and more 

adverse effects than males after, for example, yellow fever virus or seasonal influenza 

vaccination [28]. On the other hand, in the volunteers segregated by age in groups until 60 

years old, we found the lowest and highest antibody response by Sinopharm and combined 

vaccination, respectively. Nevertheless, there are no differences between the antibodies 

produced by more than 60 years old volunteers vaccinated with Sputnik V and those who 



15

received other vaccines (Fig. 2b), supporting the immune response to vaccines influenced by 

ageing [29]. Therefore, the continuity with different vaccination strategies depending on each 

age segment will assure an adequate immune response at the individual level.

The kinetics of anti-S/RBD antibodies up to 180 days after initial vaccination were different 

in the vaccinees with Sinopharm, AstraZeneca, Sputnik V or combined vaccination (mostly 

SpV/Moderna). These data are in line with the different vaccine platforms and the timing of 

the booster dose to ensure protection before protection has waned. However, one limitation 

of our study is that we did not evaluate cellular immunity. Here, we confirm that previously 

infected individuals reached higher IgG antibody levels than naïve participants, paralleling 

regional studies for the Sputnik V vaccine in healthcare personnel [22-24]. Indeed, in 

individuals vaccinated with BNT162b2 (Pfizer/BioNTech), it has been reported that the first 

vaccine dose after previous infection or second vaccine dose in individuals who are SARS-

CoV-2 naïve boosts memory B cells [30]. In addition, we observed a boost effect of the 

second dose in previously infected individuals vaccinated with any vaccines but Sinopharm. 

Besides, Sinopharm induced significantly lower antibody levels than the other vaccination in 

previously infected volunteers (Fig. 4b). The natural anti-SARS-CoV-2 immunity might 

attenuate the response to a booster dose of the Sinopharm vaccine. However, the interval 

between infection and boosting was more than three months in the majority (11 out of 17, 

65%) in this group of vaccinees, suggesting the natural humoral response waning. Therefore, 

this finding will require further investigation. Homologous prime-boost with equal viral-

vectored vaccines may be limited by anti-vector immunity; however, heterologous prime-

boost immunisation plans, such as that used with Sputnik V or based on combinations of 
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different vaccine platforms, overcome this complication [26]. Regarding this issue, we 

detected that combined vaccination induced the highest antibody level.  

In contrast with previously infected volunteers, the kinetics of humoral response elicited by 

each vaccine showed that anti-S/RBD IgG response in naïve individuals began to drop on 

day 120 (Fig. 4a). However, 92.1% of the participants showed positive responses on day 180. 

This finding agrees with other regional longitudinal works [21, 22].

The majority of the COVID-19 vaccines were designed to induce a protective immune 

response mediated by neutralising antibodies against the Spike protein. Neutralising 

antibodies hamper the binding of Spike protein´s receptor-binding domain (RBD) to the 

ACE2 receptor on the host cell [26]. In this study, to evaluate neutralising antibodies, we 

used a well-established ELISA commercial kit that imitates the natural inhibitory effect of 

these antibodies. Interestingly, our longitudinal work showed that neutralising antibodies 

maintained or increased over time after vaccination of naïve or previously infected 

individuals vaccinated with any studied vaccine. These results suggest antibody maturation 

and preservation of the protective capacity of the humoral immune response. Similarly, a 

recent study showed a temporal increase in the neutralising antibodies after vaccination with 

Sputnik V [22]. However, one limitation of our study is that neutralising responses against 

the SARS-CoV-2 new variant were not analysed. It is also important to note that we found 

no differences in the neutralising responses after any vaccine from naïve vaccinees or 

between the naïve and previously infected volunteers on day 120 after vaccination. Though, 

surrogate neutralisation tests were less suitable for detecting specimens with neutralising 

activity by the assays that work with live viruses, which have been documented in several 

studies [31-33]. Therefore, the surrogate neutralisation tests may be less suitable for 
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distinguishing between high and very high neutralising antibodies. Furthermore, future 

research could subsequently be tested by the reference-standard neutralising SARS-CoV-2 

test for quantifying antibodies. 

Conclusions

Overall, our data provide information in a real-world scenario concerning the persistence of 

the antibody response after the vaccines were applied in 2021 in naïve and previously 

infected individuals. Our findings contribute to defining the future routine immunisation 

schedules in developing countries.   
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Figure Legends

Figure 1. Antibody response to COVID-19 vaccine. (a) Scheme vaccination diagram of 

the volunteer population studied. We indicate the dosage regimen, the dosing interval for 

each vaccine studied and the days when serum samples were extracted for antibody 

determination. (b) Seroprevalence of anti-SARS-CoV-2 antibodies among the population 

included in this study who had received the indicated vaccines. The graph shows the 

proportion of antibody-positive (black) and antibody-negative (white) cases at least 20 days 

after the first dose of each vaccine. Percentages indicate seropositive rate (defined as a 

positive antibody level any time after vaccination), whereas numbers represent the proportion 

of subjects with anti-SARS-CoV-2 IgG antibodies in total for each vaccine. *p<0·05; 

**p<0·01; ***p<0·001.

Figure 2. Anti-SARS-Cov2 antibodies after first or second dose. The differences in the 

level of anti-SARS-Cov2 antibodies found in volunteers who received the first dose of 

Sinopharm, AstraZeneca (AZ) or Sputnik V (SpV) are plotted (a). The concentration of 

antibodies detected in the volunteers who received two doses of different vaccines 

(Sinopharm, AZ, SpV, Combined) is plotted concerning age (b). The differences in the levels 

of antibodies for each vaccine relating to the sex of the volunteers were also plotted, taking 
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into account the values obtained after the first dose (c) or the second dose (d). Statistical 

analysis was performed using a one-way ANOVA to evaluate differences among vaccines 

after the first dose or among age groups per vaccine, and two-way ANOVA for comparisons 

considering the sex or age of the volunteers for each vaccine. Comparison t-test was used 

Asterisk *p<0·05; **p<0·01; ***p<0·001; ****p<0·0001.

Figure 3. Differential kinetics of anti-SARS-CoV-2 antibodies elicited by different 

COVID-19 vaccines. Graphs show IgG anti-SARS-CoV-2 concentration, measured by 

ELISA, at 20, 40, 80, 120 and 180 days after the first dose of Sinopharm (a), AstraZeneca 

(AZ) (b), Sputnik V (SpV) (c) vaccines, or in the case of Combined vaccination (d). Under 

each graph is indicated the proportion of individuals infected (infected) or not (naive) with 

SARS-CoV-2 at each time point of antibody determination; it is also represented the time at 

which the second dose was administered. Statistical analyses were performed with multiple 

t-tests. *** p<0·0001. 

Figure 4. Anti-SARS-CoV-2 antibody levels in subjects with different COVID-19 

disease statuses and vaccination schemes. Kinetics of IgG anti-SARS-CoV-2 measures in 

naive (a) and infected (b) vaccinees according to time of examination (20, 40, 80, 120 and 

180 days after the first dose of Sinopharm, AstraZeneca (AZ), Sputnik V (SpV) or Combined 

vaccines. IgG levels on day 180 after initial vaccination in naïve (c) and in previously 

infected individuals (d). Statistical analysis was performed with one-way ANOVA with 

Tukey's multiple comparisons tests. Geometric media ± SD are also shown. In Fig. 4 a, 

numeral, in Sinopharm vaccination kinetic, ##p<0·01, day 40 vs 120 or 180; in AZ 
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vaccination kinetic, ##p<0·01, day 80 vs 180.  Fig 4 b-d, asterisk *p<0·05; **p<0·01; 

***p<0·001 comparison among vaccines. 

Figure 5. Long-term analysis of neutralising activity of antibody response. SARS-CoV-2 

neutralising antibodies of Sinopharm (a), AstraZeneca (AZ, b), Sputnik V (SpV, c and d) and 

Combined vaccines (e and f). Each circle represents one vaccinee (40 days after the first dose 

and 120 or 180 days of follow-up). The results were calculated as a percentage of inhibition 

(%IH), as detailed in the materials and methods section. Asterisk *p<0·05; **p<0.01; 

***p<0·001 by paired t-test. ns: not significant.

Figure 6. Neutralising activity of antibody response elicited by the vaccine in naïve and 

previously infected volunteers. SARS-CoV-2 neutralising antibodies of Sinopharm, 

AstraZeneca (AZ), Sputnik V (SpV) and combined vaccines in naïve (a) or previously 

infected (b) volunteers. Each circle represents one vaccinee 120 days after the initial 

vaccination. The results were calculated as a percentage of inhibition (%IH), as detailed in 

the materials and methods section. One-way ANOVA with Kuskal-Wallis comparisons and 

Mann Whitney U tests were used in a and b, respectively. No significant differences were 

found.
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Table 1: Demographics of the volunteer population studied

     VARIABLES                          GROUP          TOTAL   

Number of participants

Time post vaccination (Days)

Sex-Age

Blood group

Close contact 1

Previous SARS-CoV-2 detection 
and primary outcomes

Health condition at baseline

                            n-values              %              mean ± SD                                   
 
                               376                  (100)

   0                 2   (0.53)
 20                62  (14.48)
 40              142                  (37.76)
 80              188  (50.00)
120              245  (65.15)
180              233  (26.59)

Male               115  (30.50)

≤20−29 years             10   (2.65)
30−39 years               31   (8.24)
40−49 years               32   (8.51)
≥50 years                  44  (11.70)

Female                261  (69.41)

≤20−29 years               9   (2.39)
30−39 years               69  (18.35)
40−49 years               66  (17.55)
≥50 years                117  (31.11)

O 162 (43.08)
A 167 (44.41)
B 27  (7.18)
AB 20  (5.31)

 

Yes 155 (41.22)
No 208 (55.31)
No answer                     13  (3.45)

Yes  73 (19.41)
COVID hospital.            1  (3.03)
No                   297 (78.90)
No answer                       6             (1.59)

Immunol. dis. 2                          2  (0.53)
Cancer      2  (0.53)
Asthma      4  (1.06)
Diabetes                      11  (2.92)
Hypertension    55 (14.62)
Hypothyroidism      10  (2.65)
Obesity                        30  (7.97)
Smoking      47  (12.5)
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1 Close Contact: Someone who was within 6 feet of an infected person for a total of 15 min or more over a 24 
h period.
2 HIV (1), Multiple sclerosis (1), Allergy (1).
3 Mild: pain at the injection site, fever, fatigue, headache, muscle pain, chills and diarrhea

Infections post vaccination

Side effect after vaccination

Vaccines

Alcoholism                        2  (0.53)
Others      22  (5.85)
None    254 (67.55)

                                         17    (4.52)
Age                                      47. 08 ± 10

Sex Ratio [M/F]    0.4 (0.10)
Hospitalized                   0.0  (0.0)

 

Mild3  293 (77.92)
Severe   0.0   (0.0)
No symptoms    83 (22.25)

First Dose                     50 (13.29)

Sputnik V                     26  (6.90)
Sinopharm                      9  (2.39)
AstraZeneka                  15  (3.98)

 
Second Dose 326 (86.70)

Homologous               277 (73.67)

Sputnik V                     61 (16.22)
Sinopharm                  124 (32.97)
AstraZeneka   92 (24.46)

Combined                      48            (12.76)

Sputnik V/Moderna       45           ( 11.96)
Sputnik V/AstraZeneka   1             (0.26)
AstraZeneka/Cansino      1             (0.26)
SputniK V/Cansino      1             (0.26)
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