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40-word summary: 

Vaccination of Chilean adults ≥18 years old with CoronaVac (Sinovac Life Sciences) 

in a 0-14 immunization schedule is safe and immunogenic, inducing anti-S1-RBD 

antibodies with neutralizing capacity and the activation of T cells secreting IFN- 

upon recognition of SARS-CoV-2 peptides. 
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Abstract:  

 

Background: The development of effective vaccines against COVID-19 is a global 

priority. CoronaVac is an inactivated SARS-CoV-2 vaccine with promising safety and 

immunogenicity profiles. This article reports safety and immunogenicity results 

obtained for healthy Chilean adults aged ≥18 in a phase 3 clinical trial.  

 

Methods: Volunteers randomly received two doses of CoronaVac or placebo, 

separated by two weeks. 434 volunteers were enrolled, 397 aged 18-59 years, and 

37 aged ≥60 years. Solicited and unsolicited adverse reactions were registered from 

all volunteers. Blood samples were obtained from a subset of volunteers and 

analyzed for humoral and cellular measures of immunogenicity. 

 

Results: The primary adverse reaction in the 434 volunteers was pain at the 

injection site, with a higher incidence in the vaccine than in the placebo arm. Adverse 

reactions observed were mostly mild and local. No severe adverse events were 

reported. The humoral evaluation was performed on 81 volunteers. Seroconversion 

rates for specific anti-S1-RBD IgG were 86.67% in the 18-59 age group and 70.37% 

in the ≥60 age group, two and four weeks after the second dose. A significant 

increase in circulating neutralizing antibodies was detected two and four weeks after 

the second dose. The cellular evaluation was performed on 47 volunteers. We 

detected a significant induction of T cell responses characterized by the secretion of 

IFN- upon stimulation with Mega Pools of peptides from SARS-CoV-2.  
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Conclusions: Immunization with CoronaVac in a 0-14 schedule in Chilean adults 

aged ≥18 is safe, induces anti-S1-RBD IgG with neutralizing capacity, activates T 

cells, and promotes the secretion of IFN- upon stimulation with SARS-CoV-2 

antigens. 

 

Keywords: CoronaVac; Phase 3 clinical trial; SARS-CoV-2; COVID-19; Vaccines. 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciab823/6372423 by guest on 27 Septem

ber 2021



Acc
ep

ted
 M

an
us

cri
pt

 

 6 

Background 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the 

emerging pathogen responsible for coronavirus disease 2019 (COVID-19) [1–3]. 

This virus was first described in December 2019 in Wuhan, China, and it is the 

source of an ongoing pandemic, which by September 2021 has resulted in almost 

221 million infection cases and over 4.5 million deaths worldwide [4]. International 

efforts are focused on generating vaccines to counteract COVID-19. Epidemiological 

studies show that individuals aged ≥60 and those with chronic conditions are more 

susceptible to severe disease, frequently resulting in death [5,6]. Over 294 vaccines 

are under development, with 37 undergoing phase 3 or 4 clinical trials and ten 

approved for emergency use [7]. While many different vaccine platforms are being 

used and explored, most of them rely on a single viral component, the full-length 

Spike (S) protein or the receptor-binding domain (RBD) of the Spike protein [7,8]. 

Whole virus inactivated platforms are a mature technology widely used against 

different viruses, and they can be easily stored and shipped at 4ºC for several years, 

which is a significant advantage for developing countries [9,10]. Whole inactivated 

vaccines carry a wider diversity of antigens that are more prone to be conserved 

than the S protein in circulating variants, as is the case for the N protein that has 

shown to promote protective T cell immunity against related SARS-CoV viruses. 

Thus, including the N, E, and M proteins of SARS-CoV-2 as additional antigenic 

targets could boost protection for whole inactivated vaccines [11]. 

CoronaVac is a whole inactivated SARS-CoV-2 vaccine developed by 

Sinovac Life Sciences Co., Ltd. (Beijing, China) [12]. Phase 1/2 clinical trials carried 

out in China evaluated two vaccination schedules with two doses separated by 14 

days (0-14) or 28 days (0-28) [13,14]. Both trials showed that this vaccine induces 
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neutralizing antibodies 14 days after the second dose, suggesting that this vaccine is 

safe and likely induces a protective immune response against SARS-CoV-2 [13,14]. 

Currently, four phase 3 clinical trials are evaluating the efficacy of CoronaVac and 

are being carried out in Brazil, Turkey, Indonesia, and Chile. Here, we report an 

interim analysis of safety and immunogenicity parameters upon immunization of a 

group of healthy Chilean adults with CoronaVac or placebo aged 18-59 years and 

≥60 years in a 0-14 days vaccination schedule. The safety was evaluated in the total 

434 volunteers recruited, and a subgroup was included in immunogenicity analysis. 

Given that this vaccine carries multiple SARS-CoV-2 antigens, the characterization 

of the humoral and cellular immune response was extended to components of the 

viral proteome beyond the Spike protein. Taken together, this is the first report 

characterizing the cellular and humoral immune responses elicited by CoronaVac in 

a population other than the Chinese against several viral antigens. Our results 

indicate that CoronaVac is safe and immunogenic in healthy Chilean adults. 

Materials and methods 

Study design, randomization, and volunteers 

This clinical trial (clinicaltrials.gov NCT04651790) was conducted in Chile at 

eight different sites. The study protocol was performed according to the current 

Tripartite Guidelines for Good Clinical Practices, the Declaration of Helsinki [15], and 

local regulations. The trial protocol was reviewed and approved by the Institutional 

Scientific Ethical Committee of Health Sciences, Pontificia Universidad Católica de 

Chile (#200708006). Trial execution was approved by the Chilean Public Health 

Institute (#24204/20). Written informed consent was obtained from each volunteer 

before enrollment. The study included healthy Chilean adults aged ≥18 years. 
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Volunteers were inoculated with either two doses of CoronaVac or placebo 

separated by two weeks.  

A complete list of inclusion/exclusion criteria is provided in the annexed study 

protocol. Volunteers were randomly assigned to immunization with CoronaVac or 

injection with placebo in a 1:1 ratio. A subgroup of volunteers was assigned to the 

immunogenicity arm and randomly received CoronaVac or placebo (3:1 ratio). 

Randomization was done using a sealed enveloped system integrated into the 

electronic Case Report Forms (eCRF) in the OpenClinica platform. To collect 

adverse events (AEs), volunteers were instructed and trained to log in information on 

the platform until 28 days after the second dose at the same hour each day. Local 

and systemic symptoms were requested for seven days after each dose or until they 

ceased. Other AEs, used drugs, severe adverse events (SAEs), events of special 

interest, and symptoms of SARS-CoV-2 were also requested until the end of the 

study. Daily reminders were sent via email and SMS until 28 days after the second 

dose and then weekly until the end of the study. Table 1 summarizes the 

characteristics of the volunteers, and Figure 1 shows the study profile. 

 

Procedures 

CoronaVac consists of 3 µg of -propiolactone inactivated SARS-CoV-2 

(strain CZ02) with aluminum hydroxide as an adjuvant in 0.5 mL [12]. A study nurse 

administered intramuscularly in the deltoid area unblinded ready-to-use syringes with 

CoronaVac or placebo (visually indistinguishable among them). To avoid any 

influence on the volunteers, the interaction with the nurse was restricted only to 

immunization. Then, safety evaluations were performed by the blind clinical team. 
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Blood samples were obtained at different time points for the immunogenicity arm and 

used to isolate sera and peripheral blood mononuclear cells (PBMC). Further details 

can be found in the Supplementary Information (SI). 

To assess the presence of anti-SARS-CoV-2 antibodies, blood samples 

obtained before the first and second dose and two and four weeks after the second 

dose were analyzed. The quantitative measurement of human IgG antibodies 

against the RBD of the S1 protein (S1-RBD) and the N protein of SARS-CoV-2 was 

performed using the RayBio COVID-19 (SARS-CoV-2) Human Antibody Detection 

Kit (Cat#IEQ-CoVS1RBD-IgG & #IEQ-CovN-IgG). Arbitrary units obtained for these 

analyses were converted into WHO international units through a standard curve 

(NIBSC code:20/268). The neutralizing capacities of circulating antibodies were 

evaluated by three different techniques: surrogate virus neutralization test (sVNT) 

(Genscript Cat#L00847-A), conventional virus neutralization test (cVNT), and 

pseudotyped virus neutralization test (pVNT) [16]. Further details on the 

methodology associated with these techniques can be found in the SI. 

To assess the cellular immune response, ELISPOT and flow cytometry 

assays were performed using isolated PBMCs. ELISPOT assays were performed to 

evaluate changes in the numbers of IFN- secreting cells. Flow cytometry assays 

were performed to characterize T cells and the expression of activation-induced 

markers (AIMs) on these cells. The stimulus included in these assays considered the 

use of Mega Pools (MPs) of peptides derived from SARS-CoV-2 proteins [17]. 

Corresponding controls were held. Further details on the ELISPOT assays, 

antibodies used for flow cytometry, and the respective protocols can be found in the 

SI. 
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Outcomes 

The primary aim was to evaluate the frequency of solicited and unsolicited 

AEs occurring seven days after each dose by age group (aged 18-59 and ≥60). 

Grading for solicited and unsolicited AEs can be found in detail in Tables S1-S4. 

Secondary immunogenicity endpoints considered assessing the presence of anti-

SARS-CoV-2 antibodies and the cellular immune response elicited by the vaccine in 

a subgroup of volunteers. A complete list of outcomes can be found in the study 

protocol. 

 

Statistical analysis 

Information regarding the determination of sample size, AEs analysis test, and 

immunogenicity analysis test can be found in the SI. 

Results  

Safety assessment 

Volunteers on this study were recruited between November 27th, 2020, and 

February 10th, 2021 (Fig.1). On February 24th, 2021, the last volunteer included in 

this analysis was inoculated with their second dose. As of February 24th, 2021, only 

80 volunteers from the placebo arm had received their second dose. Circulating 

SARS-CoV-2 strains detected during this time mainly were wild-type strains (original 

L strain) and the B.1.1.7 strain. Remarkably, the P1 or Gamma variant was detected 

for the first time in Chile by the end of January 2021 [18]. A total of 434 volunteers 

were enrolled in this study. 390 volunteers received two doses of CoronaVac, and 44 

received a placebo. The vaccination schedule for both groups was 0-14. A list of 
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local and systemic solicited AEs reported is shown in Table 2. The most reported 

solicited local AEs was pain at the injection site (mostly grade 1), with an incidence 

of 55.6% in the vaccine arm compared to 40.0% in the placebo arm. Headaches 

(grade 1 or 2) were the most common solicited systemic AEs with a frequency of 

48.5% in the vaccine arm and 48.8% in the placebo arm. No SAEs or events of 

special interest were reported. Significant differences were observed between age 

groups regarding the frequency of local and systemic AEs (Table S4). A total of 55 

unsolicited AEs were reported. During the study period, three COVID-19 cases 

occurred in the vaccinated group (breakthrough cases). One of them had a clinical 

progression score of 1 (asymptomatic), and the other two had a score of 2 

(symptomatic) [19]. 

 

Immunization with CoronaVac induces the secretion of anti-S1-RBD IgG, anti-N 

IgG, and circulating neutralizing antibodies in Chilean adults. 

Evaluation of IgG specific against S1-RBD and the N protein of SARS-CoV-2 

was performed independently through ELISA assays (Fig.2). This humoral 

evaluation was performed on serum samples from 81 volunteers, 53 of whom were 

aged 18-59 years, and 28 of whom were aged ≥60 years. The data is shown in 

international WHO arbitrary units (A.U). Increased levels of anti-S1-RBD circulating 

antibodies were detected at all times evaluated after the first dose for both age 

groups (Fig.2A-B). These changes were also detected in fold change analyses 

normalized to preimmune samples (Fig.S1A-B). These results suggest that 

immunization with CoronaVac induces a significant production of S1-RBD specific 

IgG after vaccination with a 0-14 scheme. A modest increase in IgG specific against 

the N protein was detected (Fig.2C-D), with fold change analyses showing similar 
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results to those for the international WHO arbitrary units (Fig.S1C-D). We confirmed 

that doses of CoronaVac contain significant amounts of the N protein (Fig.S2). 

Seroconversion rates for S1-RBD and N protein specific IgG can be found in Table 

3. Results obtained for seropositive volunteers at enrollment (not included in this 

analysis) and breakthrough cases are shown in Table S5. 

To evaluate the neutralizing capacities of circulating antibodies, sVNTs 

(Fig.3A-B), pVNTs (Fig3.C-D), and cVNTs for the D614G variant (Fig.3E-F) were 

performed. This additional humoral evaluation was performed on serum samples 

from the same 81 volunteers, 53 of whom were aged 18-59 years, and 28 of whom 

were aged ≥60 years. Both sVNTs and cVNTs showed a significant increase in the 

neutralizing (or surrogate neutralizing) capacities of circulating antibodies against 

SARS-CoV-2 two and four weeks after the second dose. This could also be detected 

in fold change analyses (Fig.S3&S4). The GMTs and seropositivity rates for the 

sVNT, pVNT, and cVNT can be found in Table 4. These results suggest that 

immunization with CoronaVac in a 0-14 schedule promotes anti-S1-RBD IgG with 

neutralizing capacities in both age groups. 

 

Immunization with CoronaVac induces IFN--producing T cells specific for 

SARS-CoV-2 antigens in Chilean adults. 

To evaluate the cellular immune response elicited upon vaccination with 

CoronaVac, the specific T cell responses induced upon stimulation of PBMCs with 

MPs of 15-mer peptides derived from the S protein of SARS-CoV-2 (MP-S) and the 

remaining proteins of this virus (MP-R) were evaluated by ELISPOT in a total of 47 

volunteers. Representative images of Spot Forming Cells (SFCs) are shown 
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(Fig.4A). We observed an increase in the number of SFCs for IFN- two and four 

weeks after the second dose (Fig.4D). Individual data from these MP also resulted in 

partial increases in SFCs numbers (Fig.4B-C). Similar trends were observed with 

fold change analyses (Fig.S5). The specific T cell responses against MPs of 9- to 11-

mer peptides from the whole proteome of SARS-CoV-2 (MP-CD8A and MP-CD8B) 

were also evaluated in 27 volunteers. Stimulation with these MPs resulted in a 

modest non-statistically significant increase in SFCs for IFN- (Fig.4E-G). There was 

a subtle fold increase of SFCs for IFN- in volunteers stimulated with these 9- to 11- 

mer MPs (Fig.S5). No changes were detected for the placebo group (Fig.S6). These 

results suggest that immunization with CoronaVac induces a T cell response 

polarized towards a Th1 immune profile, as the secretion of IL-4 by T cells was 

mainly undetected (Fig.S7). As a positive control, PBMCs from volunteers were 

stimulated with an MP of peptides derived from cytomegalovirus (CMV) (Fig.S8). 

The expression of AIMs upon stimulation of PBMCs with these MPs was 

evaluated by flow cytometry. Since MP-S and MP-R were initially determined in silico 

to stimulate CD4+ T cells optimally, the expression of AIMs was assessed on these 

cells for 43 volunteers. The gating strategy is shown in Fig.5A, and stimulation with 

MP-S and consolidated data from both MP-S+R resulted in increased expression of 

AIMs (Fig.5B&D). No changes were detected when stimulating with MP-R alone 

(Fig.5C). Since MP-CD8A and MP-CD8B were determined in silico to stimulate CD8+ 

T cells, the expression of AIMs was evaluated on these cells for 21 volunteers. 

Modest increases in the expression of AIMs were detected for both MP-CD8A and -

CD8B (Fig.5E-F). No changes were detected for the placebo group (Fig.S9). 

Stimulation with CMV and Concanavalin A (ConA) confirmed the capacity of these 

cells to express AIMs (Fig.S10). Although more volunteers must be evaluated, 
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ELISPOT and flow cytometry results suggest that stimulation with these MPs 

induces a cellular immune response in volunteers immunized with CoronaVac. 

Discussion  

This study is a preliminary analysis of a phase 3 clinical trial performed in 

Chile with CoronaVac, an inactivated SARS-CoV-2 vaccine. We found that two 

doses of CoronaVac, in a 0-14 schedule, were safe and capable of inducing a 

humoral and cellular immune response in both age groups evaluated (18-59 and ≥60 

years old) which is in line with the phase 3 trial conducted in Turkey using the same 

vaccination schedule [21]. However, other studies using CoronaVac support the idea 

that a vaccination schedule with each dose separated by four weeks (0-28) induces 

better immune responses and shows a better efficacy profile [13]. A phase 2 trial 

conducted in China with CoronaVac compared both vaccination schedules and 

reported better immunogenicity in subjects vaccinated with a 0-28 schedule [13]. A 

recent study evaluating immune responses six months after the second dose in 

volunteers from both vaccination schedules reported higher seropositivity in 

individuals from the 0-28 schedule [22]. These results are consistent with published 

data from subjects vaccinated with mRNA vaccines, in which higher efficacy has 

been reported with longer intervals between doses [23,24]. Therefore, a different 

immunization schedule considering a booster four weeks after the first dose instead 

of two weeks is being tested. 

This study has relevant limitations that must be addressed, such as the 

reduced samples size evaluated for the immunogenicity profile. Also, while the high 

immunogenicity described here is encouraging, efficacy and death prevention data 

will be needed to guide the use of this vaccine in clinical and public health settings 
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[13,14,20]. It is also important to note that further analyses are required to evaluate 

the relevance of this vaccine on emerging circulating variants. 

Adverse reactions observed were primarily mild and local, which coincides 

with previous reports with this vaccine. No SAEs were reported for either the vaccine 

or placebo arm. We detected differences between the age groups in local and 

systemic AEs, being more frequent in the 18-59 age group than in the ≥60 age 

group. 

Seroconversion rates for S1-RBD-specific IgG and seropositivity of 

neutralizing antibodies in this study are consistent with the data reported in the 

phase 2 trial conducted in China for the same immunization schedule, dose, and age 

[13]. The GMU values obtained for anti-S1-RBD and anti-N antibodies in this study 

are also similar to those described for the BNT162b2 (490.17 and 34.40 after the 

second dose, respectively) and the mRNA-1273 (659.91 and 37.03 after the second 

dose, respectively) vaccines when using the same international WHO units [25]. 

Possible differences may be linked to a higher production of antibodies against a 

single antigen by mRNA vaccines compared to inactivated vaccines, which aim to 

induce a polyclonal response against several viral proteins [26]. The low production 

of anti-N antibodies compared to IgG induced against the S1-RBD is not related to 

the absence of the N protein in CoronaVac. Previous reports indicate that humans 

naturally infected with SARS-CoV-2 develop antibody responses mainly against the 

S and N proteins, in somewhat similar levels [12]. However, immunization studies of 

mice, rats, and non-human primates with CoronaVac showed that antibodies 

induced mainly were directed against the S protein and the S1-RBD, with a reduced 

amount of antibodies against the N protein [12]. This is in line with our findings, 

suggesting that the enhanced secretion of antibodies against the S protein by 
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CoronaVac, rather than against the N protein, may be playing a role in the protective 

response. 

This is the first time a characterization of the cellular response against 

proteins other than the S protein of SARS-CoV-2 has been reported in humans 

immunized with CoronaVac. Unlike previous studies [13], we detected a robust T cell 

response upon stimulation of PBMCs with MPs of peptides from S (MP-S). We also 

evaluated the response elicited upon stimulation with two MPs of peptides designed 

to stimulate a CD8+ T cell response. Although more volunteers are required to raise 

more robust conclusions, the results suggest that the CD8+ immune response 

detected in vaccinated volunteers is not as robust as the CD4+ response. Since 

increased numbers of IFN- secreting cells and reduced amounts of IL-4 secreting 

cells align with a well-balanced Th1 immune response that could lead to virus 

clearance, immunization with CoronaVac shows promising capacities of inducing an 

antiviral response in the host. This IFN- response has also been sought and 

observed in other vaccines against SARS-CoV-2, such as the BNT162b1 designed 

by BioNTech [27] and the recombinant adenovirus type-5 vectored COVID-19 

vaccine designed by CanSino [28].  

In summary, immunization with CoronaVac is safe and induces robust 

humoral and cellular responses, characterized by increased antibody titers against 

the S1-RBD with neutralizing capacities and the production of T cells specific for 

several SARS-CoV-2 antigens and were characterized by the secretion of Th1 

cytokines. 
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 Tables 

 

Table 1. Characteristics of the Volunteers at Baseline 

Characteristic 

18-59 years old 

(n = 397) 

≥ 60 years old 

(n = 37) 

Total 

(n = 434) 

p-value 

Age mean, SD 38.2 ± 9.7 64.0 ± 4.3 40.4 ± 11.8  

Inoculation    

0.482 Vaccine; n (%) 245 (61.7) 25 (67.6) 270 (62.2) 

Placebo; n (%) 152 (38.3) 12 (32.4) 164 (37.8) 

Sex    

0.039 Women; n (%) 251 (63.2) 17 (45.9) 268 (61.8) 

Men; n (%) 146 (36.8) 20 (54.1) 166 (38.2) 

Ethnicity    

0.152 White; n (%) 370 (93.2) 37 (100.0) 407 (93.8) 

Other; n (%) 27 (6.8) 0 (0.0) 27 (6.2) 

P-values are for comparison between total numbers in each characteristic. 
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Table 2. Solicited Local and Systemic Adverse Events after inoculation in Volunteers, classified by arm and 

age group 

Adverse Reaction 

First dose 

 

Second dose 

 

Both Doses 

(n =434)  

 

(n =319)  

 

(n =319)  

Placebo 

(n=164) 

Vaccine  

(n=270) 

p-

value 
 

Placebo 

(n=80)
#
 

Vaccine 

(n=239) 

p-

value 

 

Placebo 

(n=80) 

Vaccine  

(n=239) 

p-

value 

Local reactions 

     

      
Pain; n (%)* 39 (23.8) 117 (43.3) <0.001 

 

16 

(20.0) 
73 (30.5) 0.069 

 

32 (40.0) 133 (55.6) 0.015 

  <60 years 37 (24.3) 113 (46.1) <0.001 

 

15 

(20.8) 
68 (31.8) 0.077 

 

30 (41.7) 125 (58.4) 0.014 

  ≥60 years 2 (16.7) 4 (16.0) 0.999 

 

1 (12.5) 5 (20.0) 0.999 

 

2 (25.0) 8 (32.0) 0.999 

Induration (%) 1 (0.6) 8 (3.0) 0.163  0 (0.0) 15 (6.3) 0.015  0 (0.0) 21 (8.8) 0.006 

 

<60 years 1 (0.7) 7 (2.9) 0.161  0 (0.0) 13 (6.1) 0.043  0 (0.0) 18 (8.4) 0.009 

 

≥60 years 0 (0.0) 1 (4.0) 0.999  0 (0.0) 2 (8.0) 0.999  0 (0.0) 3 (12.0) 0.56 

Pruritus (%) 4 (2.4) 15 (5.6) 0.124 

 

2 (2.5) 6 (2.5) 0.099 

 

3 (3.8) 17 (7.1) 0.283 

  <60 years 4 (2.6) 15 (6.1) 0.113 

 

2 (2.8) 6 (2.8) 0.099 

 

3 (4.2) 17 (7.9) 0.277 

  ≥60 years 0 (0.0) 0 (0.0) --- 

 

0 (0.0) 0 (0.0) --- 

 

0 (0.0) 0 (0.0) --- 

Erythema (%) 3 (1.8) 10 (3.7) 0.386 

 

2 (2.5) 3 (1.3) 0.602 

 

2 (2.5) 10 (4.2) 0.737 

 

<60 years 3 (2.0) 10 (4.1) 0.385 

 

1 (1.4) 3 (1.4) 0.999 

 

1 (1.4) 10 (4.7) 0.301 

 

≥60 years 0 (0.0) 0 (0.0) --- 

 

1 (12.5) 0 (0.0) 0.242 

 

1 (12.5) 0 (0,.0) 0.242 

Swelling (%) 3 (1.8) 5 (1.9) 0.999 

 

1 (1.3) 5 (2.1) 0.999 

 

1 (1.3) 9 (3.8) 0.461 
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  <60 years 3 (2.0) 5 (2.0) 0.999 

 

1 (1.4) 4 (1.9) 0.999 

 

1 (1.4) 8 (3.7) 0.458 

  ≥60 years 0 (0.0) 0 (0.0) --- 

 

0 (0.0) 1 (4.0) 0.999 

 

0 (0.0) 1 (4.0) 0.999 

Systemic reactions 

          

Headache (%) 50 (30.5) 107 (39.6) 0.055 

 

15 

(18.8) 
46 (19.2) 0.922 

 

39 (48.8) 116 (48.5) 0.974 

  <60 years 49 (32.2) 102 (41.6) 0.061 

 

12 

(16.7) 
42 (19.6) 0.579 

 

36 (50.0) 109 (50.9) 0.891 

  ≥60 years 1 (8.3) 5 (20.0) 0.641 

 

3 (37.5) 4 (16.0) 0.32 

 

3 (37.5) 7 (28.0) 0.673 

Fatigue (%) 32 (19.5) 58 (21.5) 0.624 

 

10 

(12.5) 
25 (10.5) 0.613 

 

22 (27.5) 64 (26.8) 0.9 

 

<60 years 31 (20.4) 55 (22.4) 0.629 

 

8 (11.1) 23 (10.7) 0.932 

 

20 (27.8) 60 (28.0) 0.966 

 

≥60 years 1 (8.3) 3 (12.0) 0.999 

 

2 (25.0) 2 (8.0) 0.241 

 

2 (25.0) 4 (16.0) 0.616 

Myalgia (%) 23 (14.0) 48 (17.8) 0.305 

 

9 (11.3) 19 (7.9) 0.367 

 

19 (23.8) 54 (22.6) 0.831 

  <60 years 22 (14.5) 46 (18.8) 0.269 

 

8 (11.1) 16 (7.5) 0.336 

 

18 (25.0) 50 (23.4) 0.778 

  ≥60 years 1 (8.3) 2 (8.0) 0.999 

 

1 (12.5) 3 (12.0) 0.999 

 

1 (12.5) 4 (16.0) 0.999 

Diarrhea (%) 18 (11.0) 36 (13.3) 0.471 

 

5 (6.3) 18 (7.5) 0.701 

 

15 (18.8) 44 (18.4) 0.946 

 

<60 years 17 (11.2) 36 (14.7) 0.318 

 

4 (5.6) 16 (7.5) 0.58 

 

14 (19.4) 42 (19.6) 0.973 

 

≥60 years 1 (8.3) 0 (0.0) 0.324 

 

1 (12.5) 2 (8.0) 0.999 

 

1 (12.5) 2 (8.0) 0.999 

Nausea (%) 

 

18 (11.0) 25 (9.3) 0.562 

 

3 (3.8) 9 (3.8) 0.999 

 

11 (13.8) 27 (11.3) 0.558 

 

<60 years 18 (11.8) 22 (9.0) 0.357 

 

2 (2.8) 9 (4.2) 0.736 

 

10 (13.9) 24 (11.2) 0.544 
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≥60 years 0 (0.0) 3 (12.0) 0.537 

 

1 (12.5) 0 (0.0) 0.242 

 

1 (12.5) 3 (12.0) 0.999 

Arthralgia (%) 10 (6.1) 14 (5.2) 0.687 

 

2 (2.5) 7 (2.9) 0.999 

 

7 (8.8) 18 (7.5) 0.726 

 

<60 years 10 (6.6) 13 (5.3) 0.596 

 

2 (2.8) 6 (2.8) 0.999 

 

7 (9.7) 16 (7.5) 0.544 

 

≥60 years 0 (0.0) 1 (4.0) 0.999 

 

0 (0.0) 1 (4.0) 0.999 

 

0 (0.0) 2 (8.0) 0.999 

Anorexia (%) 10 (6.1) 18 (6.7) 0.815 

 

3 (3.8) 3 (1.3) 0.169 

 

6 (7.5) 16 (6.7) 0.806 

  <60 years 10 (6.6) 16 (6.5) 0.985 

 

2 (2.8) 3 (1.4) 0.603 

 

5 (6.9) 14 (6.5) 0.999 

  ≥60 years 0 (0.0) 2 (8.0) 0.999 

 

1 (12.5) 0 (0.0) 0.242 

 

1 (12.5) 2 (8.0) 0.999 

Pruritus (%) 2 (1.2) 10 (3.7) 0.225 

 

0 (0.0) 4 (1.7) 0.575 

 

1 (1.3) 14 (5.9) 0.127 

 

<60 years 2 (1.3) 9 (3.7) 0.217 

 

0 (0.0) 4 (1.9) 0.575 

 

1 (1.4) 13 (6.1) 0.202 

 

≥60 years 0 (0.0) 1 (4.0) 0.999 

 

0 (0.0) 0 (0.0) --- 

 

0 (0.0) 1 (4.0) 0.999 

Exanthema (%) 1 (0.6) 7 (2.6) 0.268 

 

0 (0.0) 1 (0.4) 0.999 

 

1 (1.3) 8 (3.3) 0.459 

  <60 years 1 (0.7) 7 (2.9) 0.161 

 

0 (0.0) 1 (0.5) 0.999 

 

1 (1.4) 8 (3.7) 0.458 

  ≥60 years 0 (0.0) 0 (0.0) --- 

 

0 (0.0) 0 (0.0) --- 

 

0 (0.0) 0 (0.0) --- 

Allergy (%) 1 (0.6) 6 (2.2) 0.262 

 

0 (0.0) 3 (1.3) 0.575 

 

0 (0.0) 8 (3.3) 0.209 

 

<60 years 0 (0.0) 5 (2.0) 0.161 

 

0 (0.0) 2 (0.9) 0.999 

 

0 (0.0) 4 (1.9) 0.575 

 

≥60 years 1 (8.3) 1 (4.0) 0.999 

 

0 (0.0) 1 (4.0) 0.999 

 

0 (0.0) 1 (4.0) 0.999 

Vomiting (%) 3 (1.8) 1 (0.4) 0.154 

 

0 (0.0) 4 (1.7) 0.575 

 

0 (0.0) 4 (1.7) 0.575 

  <60 years 3 (2.0) 1 (0.4) 0.159 

 

0 (0.0) 4 (1.9) 0.575 

 

0 (0.0) 4 (1.9) 0.575 

  ≥60 years 0 (0.0) 0 (0.0) --- 

 

0 (0.0) 0 (0.0) --- 

 

0 (0.0) 0 (0.0) --- 

Fever (>37.8ºC) (%) 1 (0.6) 1 (0.4) 0.999 

 

0 (0.0) 0 (0.0) --- 

 

1 (1.3) 1 (0.4) 0.439 
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<60 years 1 (0.7) 1 (0.4) 0.999 

 

0 (0.0) 0 (0.0) --- 

 

1 (1.4) 1 (0.5) 0.441 

 

≥60 years 0 (0.0) 0 (0.0) --- 

 

0 (0.0) 0 (0.0) --- 

 

0 (0.0) 0 (0.0) --- 

*Percentages were calculated from the total number of volunteers in each group. 

#As of February 24
th
, 2021, only 80 volunteers from the placebo arm had received their second dose. 

Data in the table were reported within seven days post any of the two doses. 

Sample sizes: Placebo <60 1st dose: n=152; Placebo <60 2nd dose: n=72; Vaccine <60 1st dose: n=245; Vaccine 

<60 2nd dose: n=214; Placebo ≥ 60 1st dose: n=12 ; Placebo ≥60 2nd dose: n=8 ; Vaccine ≥60 1st dose: n=25; 

Vaccine ≥60 years 2nd dose: n=25. 
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Table 3. Seroconversion rates and Geometric median units (GMU) of circulating 

antibodies against SARS-CoV-2 proteins 

Antibodies 

detected 
Group Indicators 2nd dose 

2nd dose +  

2 weeks 

2nd dose +  

4 weeks 

Anti-S1-RBD IgG 

(WHO A.U./mL) 

Total 

Vaccine 

Seroconversion n/N 33 /72 58/72 58/72 

(%) (23.76) (80.56) (80.56) 

GMU 39.079 225.4 210.4 

(95%CI) 
(28.25-

54.02) 

(156.8-

324.0) 

(154.8-

286.0) 

18-59 years 

Seroconversion n/N 24/45 39/45 39/45 

(%) (53.33) (86.67) (86.67) 

GMU 56.05 344.60 327.76 

(95%CI) 
(38.85-

80.87) 

(229.0-

518.5) 

(226.0-

475.4) 

≥ 60 years 

Seroconversion n/N 8/27 19/27 19/27 

(%) (29.63) (70.37) (70.37) 

GMU 22.92 120.59 108.53 

(95%CI) 
(04.64-

16.93) 

(12.72-

41.30) 

(62.38-

233.1) 

Placebo 

Seroconversion n/N 0/12 0/9 0/0 

(%) (0) (0) N/D 

GMU 10.43 6.19 N/D 

(95%CI) 
(04.33-

25.10) 

(01.85-

20.76) 
N/D 

Anti-N IgG 

(WHO A.U./mL) 

Total 

Vaccine 

Seroconversion n/N 4/72 9/72 10/72 

(%) (5.56) (12.56) (13.89) 

GMU 17.33 21.64 25.86 

(95%CI) (11.40- (14.31- (17.54-
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26.35) 32.73) 38.14) 

18-59 years 

Seroconversion n/N 3/45 8/45 9/45 

(%) (6.67) (17.78) (20.0) 

GMU 16.29 20.10 23.50 

(95%CI) 
(09.51-

27.93) 

(11.40-

35.43) 

(13.76-

40.14) 

≥ 60 years 

Seroconversion n/N 

 

1/27 1/27 1/27 

(%) (3.70) (3.70) (3.70) 

GMU 19.20 24.48 30.32 

(95%CI) 
(09.44-

39.06) 

(13.25-

45.24) 

(17.21-

53.44) 

Placebo 

Seroconversion n/N 1/12 0/10 0/0 

(%) (8.3) (0) (-) 

GMU 11.06 9.61 N/D 

(95%CI) 
(04.03-

30.35) 

(02.90-

31.90) 
(-) 

Timepoints refer to the number of days after the first dose of vaccine or placebo in the schedule; 

RBD: Receptor-binding domain; S: Spike protein; N: Nucleoprotein; GMT: Geometric mean titer; 

N/D: Non determined. 
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Table 4. Seropositivity rates and Geometric mean titers (GMT) of circulating neutralizing 

antibodies against SARS-CoV-2 proteins 

Antibodies detected Group Indicators 
2nd dose +  

2 weeks 

2nd dose +  

4 weeks 

Surrogate Virus Neutralization 

Total 

Vaccine 

Seropositivity n/N 63/72 59/72 

(%) (87.5) (81.94) 

GMT 14.23 15.54 

(95%CI) 
(10.54-

19.21) 

(11.23-

21.51) 

18-59 years 

Seropositivity n/N 44/45 39/45 

(%) (97.78) (86.67) 

GMT 20.78 18.95 

(95%CI) 
(14.81-

29.18) 

(12.87-

27.92) 

≥ 60 years 

Seropositivity n/N 19/27 20/27 

(%) (70.37) (74.07) 

GMT 8.21 11.75 

(95%CI) 
(04.83-

13.94) 

(06.55-

21.12) 

Placebo 

Seropositivity n/N 0/11 N/D 

(%) (0) (-) 

GMT 0 N/D 

(95%CI) (0) (-) 

Pseudotyped Virus Neutralization 

Total 

Vaccine 

Seropositivity n/N 66/69 66/69 

(%) (95.65) (95.65) 

GMT 52.22 41.33 

(95%CI) 
(35.12-

77.65) 

(29.10-

56.69) 
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18-59 years 

Seropositivity n/N 44/45 44/45 

(%) (97.78) (97.78) 

GMT 83.74 59.37 

(95%CI) 
(51.78-

135.4) 

(38.08-

92.58) 

≥ 60 years 

Seropositivity n/N 22/24 22/24 

(%) (91.67) (91.67) 

GMT 26.07 22.31 

(95%CI) 
(14.91-

45.59) 

(13.39-

37.18) 

Placebo 

Seropositivity n/N 0/10 N/D 

(%) (0) (-) 

GMT 

 

0 N/D 

(95%CI) (0) (-) 

Conventional Virus Neutralization 

(cVNT) 

Total 

Vaccine 

Seropositivity n/N 55/72 60/72 

(%) (76.39) (83.33) 

GMT 10.10 15.54 

(95%CI) (7.28-14.01) (22.18) 

18-59 years 

Seropositivity n/N 36/45 38/45 

(%) (80.0) (84.44) 

GMT 10.60 14.81 

(95%CI) (6.92-16.26) (9.49-23.09) 

≥ 60 years 

Seropositivity n/N 19/27 22/27 

(%) (70.37) (81.48) 

GMT 9.32 16.84 
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(95%CI) (5.43-15.99) (8.95-31.67) 

Placebo 

Seropositivity n/N 6/11 N/D 

(%) (54.54) (-) 

GMT 5.48 N/D 

(95%CI) (1.84-16.29) (-) 

Timepoints refer to the number of days after the first dose of vaccine or placebo in the schedule; 

RBD: Receptor-binding domain; S: Spike protein; N: Nucleoprotein; GMT: Geometric mean titer; 

N/D: Non determined. 
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Figure legends 

 

Figure 1. Study profile. Recruitment of volunteers for the phase 3 clinical trial as of 

February 10th, 2021. 

 

Figure 2. Immunization with CoronaVac induces specific IgG against SARS-CoV-2 

antigens in participants aged 18-59 years and ≥60 years after two immunizations 

in a 0-14 schedule. Titers of IgG antibodies after two doses of CoronaVac were 

evaluated for immunized participants (excluding seropositive participants at recruitment 

and placebo participants) before the first and second dose, and two (2nd dose + two 

weeks) and four weeks (2nd dose + four weeks) after the second dose for adults aged 

18-59 years (A, C), and ≥60 years (B, D). Specific IgG against the S1-RBD (upper 

panel) and the N protein (lower panel) of SARS-CoV-2 were measured. Data are 

expressed as the Log10 of international WHO arbitrary units v/s time after each dose. 

Error bars indicate the 95% CI of the Geometric Mean Units (GMU). The spots 

represent the individual values of antibody units for each volunteer, with the numbers 

above each time showing the GMU estimates. The graph illustrates the results obtained 

for 45 participants in the 18-59 years old group and 27 participants in the ≥60 years old 

group. One-Way ANOVAs with repeated measures and post hoc Tukey tests were 

performed to evaluate statistical differences among the groups; *p<0.05, **p<0.005, 

***p<0.0005, ****p<0.0001. 
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Figure 3. Immunization with CoronaVac induces neutralizing antibodies against 

SARS-CoV-2 in participants aged 18-59 years and ≥60 years after two 

immunizations in a 0-14 schedule. (A-B) Neutralizing antibody titers were evaluated 

with a surrogate virus neutralization assay, which quantifies the interaction between the 

S1-RBD and hACE2 pre-coated on ELISA plates. Results were obtained from 45 

participants aged 18-59 (A) and 27 ≥ 60 (B) before the first and second dose, and two 

(2nd dose + two weeks) and four weeks (2nd dose + four weeks) after the second dose. 

(C-D) Titers of neutralizing antibodies were evaluated with a pseudotyped viral system. 

Data is represented as the reciprocal dilution of sera that prevented infection by 80% 

(ID80) after the first dose. Numbers above the bars show the Geometric Mean Titer 

(GMT), and the error bars indicate the 95% CI. Results were obtained from 45 

participants aged 18-59 (C) and 24 ≥ 60 (D) before the first and second dose, and two 

(2nd dose + two weeks) and four weeks (2nd dose + four weeks) after the second dose. 

(E-F) Titers of neutralizing antibodies evaluated with a conventional neutralization assay 

using an ancestral D614G variant strain of SARS-CoV-2. Data is represented as the 

reciprocal dilution of sera that prevented infection after the first dose. Numbers above 

the bars show the Geometric Mean Titer (GMT), and the error bars indicate the 95% CI. 

Results were obtained from 45 participants aged 18-59 (E) and 27 ≥ 60 (F) before the 

first and second dose, and two (2nd dose + two weeks) and four weeks (2nd dose + 

four weeks) after the second dose. Data is represented as the reciprocal antibody titer 

v/s time after each dose. Numbers above the bars show the Geometric Mean Titer 

(GMT), and the error bars indicate the 95% CI. Data were analyzed by a Wilcoxon test 
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to evaluate statistical differences among the groups; *p<0.05, **p<0.005, ***p<0.0005, 

****p<0.0001. 

 

Figure 4. Evaluation of cellular immune response through ELISPOT upon 

stimulation with Mega Pools of peptides derived from SARS-CoV-2 proteins in 

volunteers immunized with CoronaVac. Numbers of IFN--secreting cells, determined 

through ELISPOT as Spot Forming Cells (SFCs) were determined. Representative 

pictures for each stimulus are shown (A). PBMCs were stimulated with MP-S (B), MP-R 

(C), MP-S+R (D), MP-CD8A (E), MP-CD8B (F), and MP-CD8A+B (G) for 48 h for 

samples obtained before the first dose, and two (2nd dose + two weeks) and four weeks 

(2nd dose + four weeks) after the second dose. A total of 47 volunteers were evaluated 

for MP-S and MP-R and 27 volunteers for MP-CD8A and MP-CD8B. Data shown 

represent median ± 95% CI. Statistical differences were evaluated by a Friedman test 

for repeated measures, followed by a post hoc Dunn’s test corrected for multiple 

comparisons against day preimmune samples; n.s= no statistical differences, *=p<0.05, 

**=p<0.005. 

 

Figure 5. Changes in activation-induced markers (AIMs) expression in T cells 

through flow cytometry upon stimulation with Mega Pools of peptides derived 

from SARS-CoV-2 in volunteers immunized with CoronaVac. The gating strategy 

used to evaluate changes in the expression of AIMs upon stimulation of PBMCs is 

shown (A). PBMCs were stimulated with MP-S (B), MP-R (C), MP-S+R (D), MP-CD8A 
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(E), MP-CD8B (F), and MP-CD8A+B (G) for 24 h for samples obtained before the first 

dose, and two (2nd dose + two weeks) and four weeks (2nd dose + four weeks) after 

the second dose. Changes in the expression of AIMs for CD4+ T cells (OX40+ CD137+) 

were measured upon stimulation with MP-S (B), MP-R (C), and MP-S+R (D). Changes 

in the expression of AIMs for CD8+ T cells (CD69+ CD137+) were measured upon 

stimulation with MP-CD8A (E), MP-CD8B (F), and MP-CD8A+B (G). A total of 43 

volunteers were evaluated for MP-S and MP-R and 21 volunteers for MP-CD8A and 

MP-CD8B. Data shown represent mean ± SD. Statistical differences were evaluated by 

a Friedman test for repeated measures, followed by a post hoc Dunn’s test corrected for 

multiple comparisons against preimmune samples. n.s= no statistical differences, 

*=p<0.05, **=p<0.005, ****=p<0.0001 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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