Seroconversion and adverse events in the first month after the administration of two doses of the inactivated SARS-CoV-2 vaccine in Turkey: Is a booster dose required?
ABSTRACT
Aims: Limited information is available about the efficacy and adverse events of COVID-19 vaccines introduced into public use with Emergency Usage Licences without completing phase-3 trials. Data refer to healthy and mostly younger people, with lacking evidence about the protectivity. 
This study aimed determining seroconversion rates and levels specific to anti-S-RBD IgG and total anti-spike/anti-nucleocapsid IgM and IgG antibodies against SARS-CoV-2 after the administration of two doses of the inactivated SARS-CoV-2 vaccine in Turkey, comparing three types of antibodies. It was also aimed to assess short-term adverse events due to the vaccine. It is intended to answer the questions about efficacy and safety, which lack in phase trials, especially at community level. It is also aimed to collect data, which will form the basis for assessing whether antibodies are protective at different community settings.
Methods: The study carried out in Turkey, comprised 282 healthcare workers who received two doses of the inactivated SARS-CoV-2 vaccine administered in two 3µg doses, 28 days apart. In day-28 after the second dose, anti-S-RBD IgG and total anti-spike/anti-nucleocapsid IgM and IgG antibodies against SARS-CoV-2 were detected by in-vitro chemiluminescence immunoassay.
Results: At day 28 after the second dose, the seroconversion rates were found to be 92.9% for total anti-spike/anti-nucleocapsid IgG and 15.2% for IgM and 98.2% for anti-S-RBD IgG antibodies. The immunogenicity was affected by pre-vaccination natural COVID-19 history and age. The incidence of at least one adverse event was found as 29.8% after the first dose and 24.1% after the second dose, with the most common events being pain at the injection site, weakness, fatigue and headache.
Conclusion: A high rate of seroconversion was observed with no serious adverse events. Prior natural COVID-19 history and age significantly contributed to strong immunogenicity. A booster dose appears required for older ages and individuals without immune response.
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HIGHLIGHTS
What’s known?
· COVID-19 vaccines introduced into use without completing phase 3 trials
· Efficacy and adverse events of COVID-19 vaccines partly known
· Data refer to healthy and mostly younger people, with no data about protectivity
What’s new?
· Efficacy and adverse events are determined at community level and among older ages
· Immunogenicity lower in the elderly and higher in case of prior natural COVID-19
· A booster dose is required in the elderly and/or people without antibody response
· Study provides basic data for assessing the protectivity in the following months
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MAIN TEXT

INTRODUCTION
[bookmark: _heading=h.gjdgxs]The COVID-19 pandemic, caused by severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) belonging to the genus Betacoronavirus of the family Coronaviridae, has caused almost 153 million infections and more than 3.2 million deaths worldwide as of May 6, 2021.1 The transmission rate is higher in SARS-CoV-2 in comparison to other species of coronavirus.2 Various COVID-19 vaccines are in development around the World, aiming to stimulate a primary immune response leading to the development of memory B and T cells against SARS-CoV-2 virus and therefore a protection against subsequent COVID-19 infections. S protein of the virus plays an essential role in viral binding (S1 subunit), fusion (S2), entry and transmission and elicits highly potent neutralizing antibodies (nAbs). Receptor-binding domain (RBD) of S1 directly interacts with host receptors (i.e. human-angiotensin-converting-enzyme-2) and is the most critical target for nAbs which interrupts this interaction. Thus, anti-SARS-CoV-2 S-RBD IgG antibody level in human serum or plasma correlates with protective immune responses in individuals recovered from SARS-CoV-2 infection and also reflects herd immunity at population level, informing clinical management of patients with past or ongoing infection.3
Vaccines are considered as the primary method for preventing viral infections and for containing epidemics, therefore a vital tool in reducing mortality in a pandemic. They are categorised according to their compositions as adenovirus vector, mRNA, DNA, live attenuated, inactivated, or subunit type vaccines.4 Inactivated vaccines incorporate viruses inactivated by using heat, chemicals, or radiation and they do not cause any infection, hence they are considered to be safe to immunocompromised individuals. They may have some logistical benefits like storage at room temperature. One disadvantage is that they frequently require multiple doses (boosters) as they do not create a cell-mediated response.5 They can have added adjuvants to spare doses and increase the available quantity of the vaccines.6 The inactivated SARS-CoV-2 vaccine (Vero Cell) has been shown to be safe and able to induce SARS-CoV-2 specific nAbs in mice, rats, and nonhuman primates.7 In phase 2 clinical trials, this vaccine was observed to produce good immunogenicity and low incidence of adverse events.8 But it is still not known if formed antibodies are protective (surrogate) in wider public use.9 This is particularly important when we consider that none of the vaccines in use has completed phase trials, with especially phase 4 results completely missing, as they have been introduced for public use following Emergency Use Listing evaluation. Therefore we planned a 3-step project to investigate seroconversion rates induced by the inactivated SARS-CoV-2 vaccine administered by the Turkish Ministry of Health, and vaccine efficacy, i.e. protectivity of antibody response against the disease by preventing clinical outcomes, hence the assessment of protective immunity and short and long term vaccine adverse events. This is intended to be followed at least for 6 months following the second dose of the vaccine. This present study aimed to present the results of the first step comprising the period between the first dose and the end of the first month after the second dose: assessing the seroconversion rates and level by comparing neutralising and non-neutralising antibody responses (novelty of the study), protectivity (novelty), adverse events, effect of individual characteristics including comorbidities or history of natural COVID-19 (novelty), helping decision makers by comparing doses, schedules, and the need for additional doses. One strength of the study is selecting the participants from among health workers as they were the most risky population, being in close contact with COVID-19 patients, and therefore the required waiting period for a vaccinated individual to get natural infection (i.e. protectivity) is expected to be notably shorter. 
MATERIAL AND METHODS
Study design and participants
This study is a vaccine efficacy study carried at [BLINDED.1] in March 2021 and included health workers who had been vaccinated with two doses of the inactivated SARS-CoV-2 vaccine in the context of public vaccination program by the Turkish Ministry of Health, with health workers constituting the first line of vaccination target population. It is not a trial study as the participants had already been vaccinated before the study. The incidence of adverse events in the vaccine cohort was determined to be 19% after the administration of 3 μg (corresponding to 600 SU) of the inactivated SARS-CoV-2 vaccine during Phase 2 clinical trials.8 The minimum sample size was calculated as 220 participants by assuming type-1 error as 0.05 and type-2 error as 0.20 for the determined adverse events rate. The participants were randomly selected from a list of 3,000 health workers. Two substitution lists were also prepared by randomisation. Blood samples were taken after the participants had been informed about the study and had signed an informed consent form. They answered a questionnaire form about sociodemographic characteristics, history of a natural COVID-19 disease, vaccination and adverse events.
Vaccine information
The generic name of the vaccine administered to health workers by the Turkish Ministry of Health is “inactivated SARS-CoV-2 vaccine (Vero Cell) (CoronaVacTM)”, with aluminium hydroxide developed by Sinovac Biotech Ltd., Life Sciences Lab., China. The vaccine was administered intramuscularly in the deltoid region of the upper arm with a dosage of 3 μg/0.5 ml. The two doses were administered 28 days apart. Vaccines were transferred, stored and administered in accordance with cold chain principles already in use by and therefore familiar to health institutions performing vaccinations.
Immunogenicity assessments
The project aimed to measure SARS-CoV-2 S-RBD immunoglobulin G (IgG), total anti-spike and anti-nucleocapsid immunoglobulin M (IgM) and IgG antibody concentrations in same individuals repetitively in the first, third and sixth months. This first step of the project aimed to reveal anti-SARS-CoV-2-S-RBD-IgG, total anti-spike/anti-nucleocapsid IgM and IgG concentrations at the end of the first month after the administration of the second dose of the inactivated vaccine. The second and third steps of the project are planned to be performed at the third and sixth months after the second dose, respectively. Anti-SARS-CoV-2-S-RBD-IgG and total anti-spike/anti-nucleocapsid-IgG antibodies to be measured in the same participants. About 5 ml of blood samples were collected into biochemistry tubes with vacuum gel. The sera were extracted by centrifugation at 3000 gv for 10 minutes and kept at 2-8°C for 1-3 days. Test calibrators and controls were worked first. After the control results were observed to be within the expected ranges, the samples were tested by trained experts in the accredited (by the Joint Commission International (JCI) since 2006) Central Laboratory of [BLINDED-2].
The blood samples stored at 2-8°C were brought to room temperature on the working day and examined collectively after all participants were sampled. The participants were not informed about their antibody concentration at the first month (in a single-blind format) to avoid a possible effect on clinical complaints or outcomes as they would be followed repetitively for 6 months. 
The test method used for the qualitative detection and differentiation of IgM (capture method) and IgG antibodies (indirect method) to SARS-CoV-2 in human serum and serum in separating gel tubes is a chemiluminescence reaction based on the measurement of light signals by a photomultiplier as relative light units (RLUs) proportional to the concentration of antibodies present in the sample.10,11 The test is only for use according to the Food and Drug Administration’s Emergency Use Authorization.12 The SARS-CoV-2 S-RBD IgG test is also an indirect CLIA and has a high correlation with VNT50 titres (R=0.712), where VNT stands for “Virus Neutralization Test” which is a gold standard for quantifying the titre of nAbs for a virus.13
The results are expressed in absorbance units (AU/mL) and reported to the end user as “Reactive (i.e. a result ≥1.00 AU/mL)” or “Non-Reactive (i.e. a result <1.00 AU/mL)”.11 The validity of the tests is summarised in table 1 (Table 1).12    The details of testing procedure is given in Appendix.1 (Supplemental Material).
Statistical analyses
Data were analysed by SPSS 22 statistical analyses package (2013, IBM, New York, U.S.A). Following normality testing (Kolmogorov-Smirnov), data were analysed by chi-square (Fisher, Yates or Pearson), Mann Whitney U and Kruskal Wallis tests. A value of p <0.05 was considered significant. 
RESULTS
The mean age of 282 participants included in the study was 39.06±10.65 (range 21-65). Among them 16% reported a natural COVID-19 history before getting vaccinated. The mean time interval between the disease and the vaccination was calculated as 111 days (range 29-330). The sociodemographic characteristics and any natural COVID-19 history of the participants are given in Table 2 (Table 2).
At first month after the administration of the second dose of the inactivated vaccine 277(98.2%) participants were found to be reactive for anti-S-RBD-IgG antibodies, 262(92.9%) for total anti-spike/anti-nucleocapsid-IgG antibodies and 43(15.2%) for total anti-spike/anti-nucleocapsid-IgM antibodies. When seroconversion rates were examined according to age, sex, presence of chronic diseases and having natural COVID-19 prior to vaccination; only participants with natural history of COVID-19 presented significantly higher seroconversion rates for total anti-spike/anti-nucleocapsid-IgG (p=0.027). All individuals with non-reactive IgG concentrations for all types of antibodies did not report a prior natural COVID-19 (Table 3) (Fig 1).
Significantly higher antibody titrations were observed in participants with pre-vaccination history of natural COVID-19, but the time interval between the disease and the vaccination was found not to significantly alter antibody concentrations. Total anti-spike/anti-nucleocapsid-IgG titrations of participants aged 20-29 years were found to be significantly higher compared to those in 40-49 and 50 and older age groups. Anti-S-RBD-IgG titrations were significantly higher in 30-39 years age group compared to 50 and older age groups. Additionally, anti-S-RBD-IgG titrations were found to be higher in individuals with chronic diseases (Table 4) (Fig 2).
No COVID-19 cases were observed to occur in the vaccine cohort between the two doses and until the end of the first month after the second dose of vaccination. In the vaccine cohort, the incidence of at least one adverse event was found to be 29.8% between the two doses and 24.1% after the second dose. Some participants declared to have experienced more than one side effect. The most common side effects in both periods were pain at the injection site, weakness, fatigue and headache (Table 5).
DISCUSSION
In the COVID-19 pandemic the recent introduction of vaccines has strengthened our hand in combating the epidemic. As of May 6, 2021 among developed vaccines, 96 are reported to be at clinical and 184 at preclinical stage.14 But vaccines have given rise to the discussion of new problems like how to vaccinate the whole society, inequalities in the supply of vaccines, weaknesses in the protection by vaccines and resistance to get vaccinated. It seems likely that ensuring herd immunity will be still in action for some more time. Kuldorff et al. stated that a focused protection approach would ensure herd immunity after 3 to 6 months and then unprotected individuals could return to normal life. Walensky stated that the herd immunity point was not determined and that it was not clear how stable this immunity would be. Most experts believe this to happen in the second half of 2021 at the earliest, and debate over what to do in the meantime seems likely to continue. Perhaps the most important of these discussions is the effectiveness and safety of the vaccines in use and how long the vaccine-induced-immunity will continue and what the protection rates from clinical disease are. Outbreak patterns are supposed to be related to the duration of immunity.15 Previous studies about other coronavirus types demonstrated that annual or biennial patterns could be observed if the immunity lasted 40 weeks or two years, respectively, not ignoring the influence of cross-immunity.16 In January 13, 2021, the inactive vaccine “CoronaVacTM, in suspension form of 600 SU/0.5 mL for IM injection” was quickly granted the Emergency Use Approval by the Turkish Ministry of Health, aiming to reduce the spread of COVID-19 in the community. This vaccine is currently being implemented in 24 countries, and is being evaluated also in seven phase 3 trials.17 As of May 6, 2021 a total of 24.35 million doses were administered in Turkey, with 14.35 million of the first dose and 9.99 million of the second.18
Our study aimed to determine the efficacy of this inactivated vaccine administered in the context of this program of the Turkish Ministry of Health. It is worth reminding that the administrations were not part of any phase trials or interventional studies. In our study, at day-28 after the second dose, among participants who received two doses of the inactivated vaccine (as 3 μg/dose), the seroconversion rate was found to be 15.2% for total anti-spike/anti-nucleocapsid-IgM, 92.9% for total anti-spike/anti-nucleocapsid-IgG and 98.2% for anti-S-RBD-IgG antibodies. The incidence of adverse events was found as 29.8% between the two doses and 24.1% at day-28 following the second dose, the most prominent adverse event being pain at the injection site (16.0% between two doses of the vaccine, and 15.6% at day-28 after the second dose), followed by weakness (10.6% versus 15.6%) and fatigue (9.9% versus 10.3%) (Table.5). These correlated with the package insert of the vaccine, based on previous clinical studies, and classified among “the very common (>%10) adverse reactions” like injection site pain, headache and fatigue.
Zhang et al.8 performed two phase trials (1/2) for the same inactivated vaccine comparing 0-14 and 0-28-days regimes and two doses (3µg vs 6µg). Both trials supported our findings as better seroconversion specific to nAbs was observed in 0-28-days cohorts. Similarly the seroconversion was higher in 3µg dose group of phase-1, but in 6µg dose group of phase-2, although the difference was very small (3%). Again adverse events rates were also similar, being lower in 3µg dose and 0-28-day cohort in both trials, supporting our findings (Table 5).
Xia et al.19 performed also two phase trials for the same inactivated vaccine. They compared three different doses (2.5, 5, and 10 μg) as a 0-28-56-days regime in phase-1. If we consider 2.5 µg dose as the closest one to our 3 µg dose, the seroconversion specific to nAbs was found as 100%. In phase-2 they compared same dose (5 µg) between 0-14 and 0-21-days regimes. Specific IgG binding antibody response was better in 0-21-day regime (100%) compared to 0-14-day regime (85.7%), while seroconversion specific to nAbs was equal in both regimes. When they compared geometric mean titres (GMT) of nAbs and specific IgG-binding antibody responses, they found both GMTs to be the highest in 2.5µg dose group in phase-1 and in 0-21-day regime in phase-2, supporting our findings. When Xia et al. examined adverse events rates, the safest regime was reported in 5 µg group of 0-14-day cohort. This is different than our findings, but it is noteworthy to indicate that Xia et al reported adverse events at day 7, which seems too early compared to our results of 28 days. 
Wu et al.20 conducted phase-1/2 trial, which followed a 0-28-day regime, targeting healthy adults 60 years old and older (mean age 66.6±4.7), and found similar results with our study regarding age profiles; a 100% of seroconversion specific to nAbs was observed in 3 µg dose of phase-1 and 98.0% in phase-2. Our study finding also supported the effectiveness of this dosage and schedule. In our study the seroconversion rate in 50 and older age group was found as 89.1%, with a decreasing rate with increasing age (95.7% in 20-29 years of age group). This emphasizes the need for advanced phase studies in order to clarify the immunogenicity of the inactivated vaccine in terms of age groups and post-vaccination period. A comprehensive discussion comparing the results of previous research/phase trials has been added as Appendix.2 (Supplemental Material).
The results of trials mentioned are consistent with our findings as the dose in Turkey was almost the same (3 µg). But considering the finding that the 3-dose regimens proved the best option has led us to hypothesise that an additional dose could be beneficial in achieving both the seroconversion and higher antibody concentrations. Our hypothesis is based on our finding that all participants (100.0%) with a history of natural COVID-19 were reactive for anti-S-RBD, total anti-spike and anti-nucleocapsid IgG antibodies (p=0.027) and antibody concentrations were significantly higher with a median value of 38.99 (7.18-287.5) AU/mL for anti-S-RBD (p=0.033) and 75.27 (10.16-292.40) AU/mL for the total anti-spike and anti-nucleocapsid IgG antibodies (p<0.001). The details of all referred trails are given in Appendix.2 (Supplemental Material).
Differently from phase trials, our study did not include solely sensitive and healthy participants, as individuals who had previous natural COVID-19 history or accompanying chronic diseases were also included in the study. Our results demonstrated that the seroconversion rate and antibody responses were higher in individuals who had history of natural COVID-19. When the immunogenicity was evaluated based on individual characteristics; sex, chronic comorbidities were not found to significantly alter seroprevalence rate or antibody concentrations, in contrast to age. The antibody response was found to significantly decrease with increasing age. The findings in the third and sixth months follow-up is expected to reveal if these changes are clinically important, i.e. if they are protective from COVID-19 or not.
To conclude; in this study, early results (step 1) of our project indicated a high seroconversion rate for anti-S-RBD (98.2%), total anti-spike/anti-nucleocapsid-IgG (92.9%) antibodies and 24-28% incidence of non-serious adverse events. Our results are expected to help in structuring vaccination strategies, including different age groups and among people who had the disease. A relatively lower antibody response in the elderly, in contrast to a relatively higher one in people who had natural COVID-19, can be evaluated as a need for a booster dose in people lacking antibody response after the second dose or in the elderly.
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TABLES
TABLE 1
Table 1. Validity results of the test MAGLUMI 2019-nCoV IgM/IgG (Target: Spike and Nucleocapsid) 12
	Antibody
	Performance Measure
	Estimate of Performance(95%CI)

	IgM
	Sensitivity (PPA†)
	77.5%(69.9%-83.6%)

	IgM
	Specificity (NPA‡)
	99.6%(97.5%-99.9%)

	IgG
	Sensitivity (PPA†)
	100.0%(97.4%-100.0%)

	IgG
	Specificity (NPA‡)
	99.1%(96.8%-99.8%)

	Combined
	Sensitivity (PPA†)
	100%(97.4%-100.0%)

	Combined
	Specificity (NPA‡)
	98.7%(96.2%-99.5%)

	Combined
	PPV§ at prevalence=5%
	79.9%(57.2%-92.1%)

	Combined
	NPV¶ at prevalence=5%
	100.0%(99.9%-100.0%)


†PPA:Positive percent agreement, 
‡NPA:Negative percent agreement, 
§PPV:Positive predictive value, 
¶NPV:Negative predictive value, CI:Confidence interval



TABLE 2
Table 2. Sociodemographic characteristics and COVID-19 history
	Characteristics
	n (%)

	Sex (male/female)
	123(43.6)/159(56.4)

	Age
	

	-20-29
	69(24.5)

	-30-39
	83(29.4)

	-40-49
	75(26.6)

	-50 and older
	55(19.5)

	Work position
	

	-Physician
	80(28.4)

	-Nurse
	62(22.0)

	-Other
	140(49.6)

	Chronic disease presence
	68(24.2)

	Natural COVID-19 diagnosed pre-vaccination
	45(16.0)

	Severity of pre-vaccination COVID-19 disease (mild/moderate)
	41(88.9)/5(11.1)

	Total 
	282 (100.0)







TABLE 3
Table 3. Seroconversion rates at the end of first month after the second dose of vaccination with the inactivated vaccine
	
	Total Anti-spike and Anti-nucleocapsid
	SARS-CoV-2 S-RBD

	
	IgG n(%)
	IgM n(%)
	IgG n(%)

	
	Non-reactive†
	Reactive‡
	p
	Non-reactive†
	Reactive‡
	p
	Non-reactive†
	Reactive‡
	p

	All groups
	20(7.1)
	262(92.9)
	
	239(84.8)
	43 (15.2)
	
	5(1.8)
	277(98.2)
	

	COVID-19 history
	
	
	
	
	
	
	
	
	

	Yes
	0(0.0)
	45(100.0)
	0.027*
	38(84.4)
	7(15.6)
	1.000
	0(0.0)
	45(100.0)
	1.000

	No 
	20(8.4)
	217(91.6)
	
	201(84.8)
	36(15.2)
	
	5(2.1)
	232(97.9)
	

	Sex
	
	
	
	
	
	
	
	
	

	Male 
	10(8.1)
	113(91.9)
	0.716
	98(79.7)
	25(20.3)
	0.055
	3(2.4)
	120(97.6)
	0.656

	Female 
	10(6.3)
	149(93.7)
	
	141(88.7)
	18(11.3)
	
	2(1.3)
	157(98.7)
	

	Age
	
	
	
	
	
	
	
	
	

	20-29
	3(4.3)
	66(95.7)
	
	63(91.3)
	6(8.7)
	
	2(2.9)
	67(97.1)
	

	30-39
	4(4.8)
	79(95.2)
	0.372
	66(79.5)
	17(20.5)
	0.204
	0(0.0)
	83(100.0)
	0.285

	40-49
	7(9.3)
	68(90.7)
	
	62(82.7)
	13(17.3)
	
	1(1.3)
	74(98.7)
	

	50 and above
	6(10.9)
	49(89.1)
	
	48(87.3)
	7(12.7)
	
	2(3.6)
	53(96.4)
	

	Chronic disease
	
	
	
	
	
	
	
	
	

	Yes 
	7(10.3)
	61(89.7)
	0.278
	59(86.8)
	9(13.2)
	0.726
	3(4.4)
	65(95.6)
	0.093

	No 
	13(6.1)
	200(93.9)
	
	179(84.0)
	34(16.0)
	
	2(0.9)
	211(99.1)
	


* Statistically significant difference
† Non-Reactive (<1.00 AU/mL) (AU=Absorbance Units in chemiluminescence immunoassay (CLIA)
‡ Reactive (≥1.00 AU/mL) 



TABLE 4
Table 4. Antibody concentrations at the end of first month after the second dose of vaccination with the inactivated vaccine
	
	Total Anti-spike and Anti-nucleocapsid
	SARS-CoV-2 S-RBD

	
	IgG (AU/mL) †
	IgM (AU/mL)†
	IgG (AU/mL)†

	
	Median‡
	Range
	p
	Median‡
	Range
	p
	Median‡
	Range
	p

	All groups
	19.80
	0.02-367.70
	
	0.48
	0.08-9.02
	
	29.62
	0.10-287.50
	

	COVID-19 history
	
	
	
	
	
	
	
	
	

	Yes
	75.27
	10.16-292.40
	<0.001*
	0.47
	0.13-3.74
	0.615
	38.99
	7.18-287.50
	0.033*

	No 
	14.03
	0.02-367.70
	
	0.48
	0.08-9.02
	
	27.90
	0.10-204.20
	

	Sex
	
	
	
	
	
	
	
	
	

	Male 
	20.69
	0.37-367.70
	0.596
	0.51
	0.08-9.02
	0.129
	28.22
	0.10-287.50
	0.749

	Female 
	18.33
	0.02-292.40
	
	0.43
	0.12-7.59
	
	30.07
	0.47-223.80
	

	Age
	
	
	
	
	
	
	
	
	

	20-29
	31.34a,b	
	0.54-207.50
	
	0.49
	0.14-7.74
	
	33.54
	0.33-161.60
	

	30-39
	27.26
	0.48-155.22
	0.007*
	0.46
	0.12-7.11
	0.993
	34.60a
	1.96-204.20
	0.015*

	40-49
	11.20a	
	0.36-287.0
	
	0.48
	0.12-7.59
	
	23.79
	0.60-287.50
	

	50 and above
	9.78b
	0.02-367.70
	
	0.49
	0.08-9.02
	
	17.29a	
	0.10-223.80
	

	Chronic disease
	
	
	
	
	
	
	
	
	

	Yes 
	10.88
	0.02-367.70
	0.482
	0.51
	0.08-9.02
	0.865
	21.76
	0.10-204.20
	0.044*

	No 
	20.91
	0.36-292.40
	
	0.46
	0.12-7.74
	
	30.07
	0.33-287.50
	


*Statistically significant difference
†AU=Absorbance Units in chemiluminescence immunoassay (CLIA)
‡Groups with the same letters (a,b) are statistically different




TABLE 5
	
	Incidence (%)

	Adverse events
	After 1st dose
	After 2nd dose

	Total 
	84(29.8)
	68(24.1)

	Pain at the injection site
	45(16.0)
	44(15.6)

	Weakness
	30(10.6)
	29(10.3)

	Fatigue
	28(9.9)
	23(8.2)

	Headache
	22(7.8)
	21(7.4)

	Muscle pain
	12(4.3)
	5(1.8)

	Back pain
	11(3.9)
	2(0.7)

	Joint pain
	9(3.2)
	6(2.1)

	Dizziness
	8(2.8)
	5(1.8)

	Numbness in the vaccinated arm
	7(2.5)
	8(2.8)

	Vertigo
	7(2.5)
	3(1.1)

	Shake
	4(1.4)
	2(0.7)

	Increased blood pressure
	4(1.4)
	0(0)

	Nausea
	3(1.1)
	5(1.8)

	Loss of taste
	3(1.1)
	2(0.7)

	Chest pain
	3(1.1)
	2(0.7)

	Loss of appetite
	3(1.1)
	2(0.7)

	Sore throat
	3(1.1)
	1(0.4)

	Swelling at the injection site
	2(0.7)
	4(1.4)

	Rash at the injection site
	2(0.7)
	3(1.1)

	Diarrhoea
	2(0.7)
	2(0.7)

	Fever
	2(0.7)
	1(0.4)

	Palpitation
	2(0.7)
	1(0.4)

	Cough
	2(0.7)
	0(0)

	Numbness in the tongue
	2(0.7)
	0(0)

	Decreased blood pressure
	2(0.7)
	0(0)

	Stiffness at the injection site
	1(0.4)
	2(0.7)

	Tinnitus
	1(0.4)
	1(0.4)

	Abdominal pain
	1(0.4)
	1(0.4)

	Anosmia
	1(0.4)
	1(0.4)

	Balance problem
	1(0.4)
	0(0)

	Metallic taste
	1(0.4)
	0(0)

	Itching at the injection site
	0(0)
	1(0.4)

	Vomiting
	0(0)
	1(0.4)

	Dyspnoea
	0(0)
	1(0.4)

	Lower abdominal pain
	0(0)
	1(0.4)

	Hypoesthesia at the injection site
	0(0)
	0(0)

	Papule
	0(0)
	0(0)

	Rash on mucous membranes or skin
	0(0)
	0(0)

	Fainting symptom
	0(0)
	0(0)

	Allergic reaction/urticaria
	0(0)
	0(0)

	Anaphylaxis/anaphylactoid reaction
	0(0)
	0(0)

	Neurological complication
	0(0)
	0(0)


APPENDICES
APPENDIX 1 
Appendix 1. Testing Procedure 3,10,11
The test kits for the determination of antibodies were MAGLUMI® SARS-CoV-2 S-RBD IgG (CLIA) (Cat.# 130219017M), MAGLUMI® 2019-nCoV IgM/IgG kits (Cat. # 130219018M) (Snibe Diagnostics, Shenzen New Industries Biomedical Engineering Co. Ltd, China).
MAGLUMI 2019-nCoV IgM/IgG testing procedure
The MAGLUMI 2019-nCoV IgM/IgG is an in vitro chemiluminescence immunoassay (CLIA) intended for the qualitative detection and differentiation of immunoglobulin M (IgM) and immunoglobulin G (IgG) antibodies to SARS-CoV-2 in human serum and serum in separating gel tubes (SST) using the MAGLUMI 2000 series fully-automated CLIA analyser. The test is intended for use as an aid in identifying individuals with an adaptive immune response to SARS-CoV-2, indicating recent or prior infection. The MAGLUMI 2019-nCoV IgM/IgG is a capture CLIA for IgM and an indirect CLIA for IgG. Separate cassettes are used for IgM detection and IgG detection. The sample (serum in standard sampling tubes or tubes containing separating gel (SST)), buffer, and magnetic microbeads coated with anti-human IgM monoclonal antibody for IgM detection cassette or with 2019-nCoV recombinant antigen, expressing the full-length spike and nucleocapsid proteins for IgG detection cassette, are mixed thoroughly and incubated, forming immune-complexes. After precipitation in a magnetic field, the supernatant is decanted, and a wash cycle is performed. Then, for the detection of IgM the 2019-nCoV recombinant antigen, expressing the full-length spike and nucleocapsid proteins, labelled with ABEI is added or for the detection of IgG the anti-human IgG antibody labelled with ABEI is added and incubated to form complexes. After precipitation in a magnetic field, the supernatant is decanted and another wash cycle is performed. Subsequently, the Starter Buffer is added to initiate a chemiluminescent reaction. The light signal is measured by a photomultiplier as relative light units (RLUs) proportional to the concentration of IgM or IgG present in the sample. The test is performed with the MAGLUMI 2000 series fully automated CLIA analyser (Snibe Diagnostics, Shenzen New Industries Biomedical Engineering Co. Ltd, China).
SARS-CoV-2 S-RBD IgG (CLIA) procedure
The SARS-CoV-2 S-RBD IgG (CLIA) assay is an indirect CLIA. The sample, buffer and magnetic microbeads coated with S-RBD recombinant antigen are mixed thoroughly and incubated, forming immune-complexes. After precipitation in a magnetic field, the supernatant is decanted and a wash cycle performed. Then ABEI labeled with anti-human IgG antibodies is added and incubated to form complexes. After precipitation in a magnetic field, the supernatant is decanted and another wash cycle is performed. Subsequently, the Starter 1+2 are added to initiate a chemiluminescent reaction. The light signal is measured by a photomultiplier as relative light units (RLUs), proportional to the concentration of SARS-CoV-2 S-RBD IgG presented in the sample. The test is performed with the MAGLUMI 2000 series fully automated CLIA analyser (Snibe Diagnostics, Shenzen New Industries Biomedical Engineering Co. Ltd, China).


APPENDIX 2
Appendix 2. The comparison of different researches/phase trials with the present study
	Study description [ref]
	Phase of trial/regime/dose
	Immunogenicity - Seroconversion rate (%)
	Median (95%CI)†,‡
	Adverse events incidence

	
	
	
	
	

	Our study

	Not a phase trial 
Emergency Usage Licence
0-28-day cohort 
	at day 28 after the 2nd dose
	
	29.8% between 1st and 2nd dose
24.1% at day 28 after the 2nd dose

	
	
	Total anti-spike/anti-nucleocapsid antibodies
	
	

	
	3 μg
	IgM 15.2%
	0.48 AU/mL (0.08-9.02)
	

	
	3 μg
	IgG 92.9%
	19.80 AU/mL (0.02-367.70)
	

	
	
	Anti-S-RBD antibodies
	
	

	
	
	IgG 98.2%
	29.62 AU/mL (0.10-287.5)
	

	Zhang et al.8
	Phase 1 (0-14-day cohort)
	at day 14 after the 2nd dose
	
	at day 14

	
	
	Neutralising antibodies
	
	

	
	3 μg
	46%
	
	29%

	
	6 μg
	50%
	
	38%

	
	Placebo
	0%
	
	8%

	Zhang et al.8
	Phase 1 (0-28-day cohort)
	at day 28 after the 2nd dose
	
	at day 28

	
	
	Neutralising antibodies
	
	

	
	3 μg
	83%
	
	13%

	
	6 μg
	79%
	
	17%

	
	Placebo
	4%
	
	13%

	Zhang et al.8
	
	at day 14 after the 2nd dose
	
	at day 14

	
	Phase 2 (0-14-day cohort)
	
	
	

	
	
	Neutralising antibodies
	
	

	
	3 μg
	92%
	
	33%

	
	6 μg
	98%
	
	35%

	
	Placebo
	3%
	
	22%

	Zhang et al. 8
	Phase 2 (0-28-day cohort)
	at day 28 after the 2nd dose
	
	at day 28

	
	
	Neutralising antibodies
	
	

	
	3 μg
	97%
	
	19%

	
	6 μg
	100%
	
	19%

	
	Placebo
	0%
	
	18%

	Xia et al.19 
	
	at day 14 after the 3rd dose 
	
	at day 7

	
	Phase 1(0-28-56-day cohort)
	Neutralising antibodies
	
	

	
	2.5 μg (low-dose)
	100%
	GMT 316 (218-457)
	20.8%

	
	5 μg (medium-dose)
	95.8%
	GMT 206 (123-343)
	16.7%

	
	10 μg (high-dose)
	100.0%
	GMT 297 (208-424)
	25.0%

	
	Placebo
	0%
	GMT 5 (5-5)
	12.5%

	
	Phase 1 (0-28-56-day cohort)
	Specific IgG-binding antibody responses
	
	

	
	2.5 μg (low-dose)
	100%
	GMT 415 (288-597)
	

	
	5 μg (medium-dose)
	100.0%
	GMT 349 (258-472)
	

	
	10 μg (high-dose)
	100.0% 
	GMT 311 (229-422)
	

	
	Placebo
	0% 
	GMT 5 (10-10)
	

	Xia et al.19 
	
	at day 14 after the 2nd dose 
	
	at day 7

	
	Phase 2 (0-14-day cohort)
	Neutralising antibodies
	
	

	
	5 μg (medium-dose)
	97.6%
	GMT 121 (95-154)
	6.0%

	
	Placebo
	0%
	GMT 5 (5-5)
	14.3%

	
	Phase 2 (0-14-day cohort)
	Specific IgG-binding antibody responses
	
	

	
	5 μg (medium-dose)
	85.7%
	GMT 74 (56-97)
	

	
	Placebo
	0% 
	GMT 10 (10-10)
	12.5%

	Xia et al.19 
	
	at day 14 after the 2nd dose 
	
	at day 7

	
	Phase 2 (0-21-day cohort)
	Neutralising antibodies
	
	

	
	5 μg (medium-dose)
	97.6% and 
	GMT 247 (176-345)
	19.0%

	
	Placebo
	0% and 
	GMT 5 (5-5)
	17.9%

	
	Phase 2 (0-21-day cohort)
	Specific IgG-binding antibody responses
	
	

	
	5 μg (medium-dose)
	100.0% and 
	GMT 215 (157-296)
	

	
	Placebo
	0% and 
	GMT 10 (10-10)
	

	Wu et al.20
	
	at day 28 after the 2nd dose
	
	at day 28

	
	Phase 1 (0-28-day cohort)
	Neutralising antibodies
	
	

	
	3 μg
	100.0%
	GMT 54.9 (38.6-78.2)
	20%

	
	6 μg
	95.7%
	GMT 64.4 (41.5-99.7)
	22%

	
	Placebo
	0%
	
	21%

	Wu et al.20
	
	at day 28 after the 2nd dose
	
	at day 28

	
	Phase 2 (0-28-day cohort)
	
	
	

	
	
	Neutralising antibodies
	
	

	
	1.5 μg
	90.7%
	GMT 23.4(19.4-28.3)
	20%

	
	3 μg
	98.0%
	GMT 42.2(35.2-50.6)
	20%

	
	6 μg
	99.0%
	GMT 49.9(42.2-58.9)
	22%

	
	Placebo
	0%
	
	21%


	†CI: Confidence interval
	†GMT: Geometric mean titres





FIGURE LEGENDS

FIGURE 1


Figure 1.Anti-S RBD IgG (AU/mL) and total anti-spike and anti-nucleocapsid IgG (AU/mL) concentrations according to the history of COVID-19 prior to vaccination

*Yes: The participant had history of natural COVID-19 prior to vaccination
*No: The participant did not have history of natural COVID-19 prior to vaccination


FIGURE 2


Figure 2.Anti-S RBD IgG (AU/mL) and total anti-spike and anti-nucleocapsid IgG (AU/mL) concentrations according to the age groups



