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Abstract

:

Although antibody levels progressively decrease following SARS-CoV-2 infection, the immune memory persists for months. Thus, individuals who naturally contracted SARS-CoV-2 are expected to develop a more rapid and sustained response to COVID-19 vaccines than naïve individuals. In this study, we analyzed the dynamics of the antibody response to the BNT162b2 mRNA COVID-19 vaccine in six healthcare workers who contracted SARS-CoV-2 in March 2020, in comparison to nine control subjects without a previous infection. The vaccine was well tolerated by both groups, with no significant difference in the frequency of vaccine-associated side effects, with the exception of local pain, which was more common in previously infected subjects. Overall, the titers of neutralizing antibodies were markedly higher in response to the vaccine than after natural infection. In all subjects with pre-existing immunity, a rapid increase in anti-spike receptor-binding domain (RBD) IgG antibodies and neutralizing antibody titers was observed one week after the first dose, which seemed to act as a booster. Notably, in previously infected individuals, neutralizing antibody titers 7 days after the first vaccine dose were not significantly different from those observed in naïve subjects 7 days after the second vaccine dose. These results suggest that, in previously infected people, a single dose of the vaccine might be sufficient to induce an effective response.
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1. Introduction


As of 1 February 2021, more than 99 million cases of coronavirus disease 2019 (COVID-19) have been confirmed, and about two million deaths have been reported to the World Health Organization (WHO) [1]. Globally, joint efforts to gain control of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic resulted in the unprecedented and rapid development of vaccines, with the COVID-19 mRNA vaccines developed by Pfizer/BioNTech and Moderna being the first to receive emergency use authorization from the Food and Drug Administration (FDA) and the European Medicines Agency (EMA).



In Italy, the vaccination campaign started in the final days of December 2020, with the first available doses of the BNT162b2 mRNA COVID-19 vaccine (Pfizer/BioNTech) being delivered to healthcare workers and elderly residents in nursing homes. The vaccine is currently offered on a voluntary basis to all individuals, irrespective of a prior SARS-CoV-2 infection, due to equivocal data on the duration of naturally acquired immunity and documented (though still limited) cases of re-infection [2,3,4].



Nevertheless, although a decline in antibody levels (including neutralizing antibodies) is observed over time in infected individuals, the immune memory, which consists of memory B cells, antibodies, memory CD4+ T cells, and/or memory CD8+ T cells, persists for months and even increases with time in the case of memory B cells against the SARS-CoV-2 spike protein [5,6]. Thus, we might expect that subjects with a previous natural SARS-CoV-2 infection might develop a more rapid and sustained response to a COVID-19 vaccine than individuals who were not infected. Understanding immune memory of SARS-CoV-2 and its implications for the protective immunity induced by COVID-19 vaccination is crucial for the optimization of COVID-19 vaccine immunization programs.



In this study, we report preliminary data on the dynamics of the antibody response against SARS-CoV-2, pre- and post-vaccination with the BNT162b2 mRNA COVID-19 vaccine, observed in six health workers who were infected with SARS-CoV-2 in March 2020, in comparison with the antibody response to vaccination in naïve subjects.




2. Materials and Methods


2.1. Ethics


This work is part of a larger study that received clearance from the local Ethics Committee (Comitato Etico per la Sperimentazione Clinica delle Province di Verona e Rovigo) on 8 April 2020 (study protocol n. 2624CESC).




2.2. Participants and Setting


Since March 2020, at the Istituto di Ricovero e Cura a Carattere Scientifico (IRCCS) Sacro Cuore Don Calabria Hospital, Negrar, Verona, Italy, the staff involved in patient care and laboratory procedures have undergone molecular testing for SARS-CoV-2 infection in the case of suspected symptoms. Moreover, periodic screening with molecular testing has been offered to all staff, irrespective of symptoms, since April 2020.



At the same Institution, the vaccination campaign with the BNT162b2 mRNA COVID-19 vaccine (Pfizer, NY, USA, and BioNTech, Mainz, Germany) began on 1 January 2021. For the purpose of this study, consent regarding the donation of serum samples pre- and post-COVID-19 vaccination, aimed at evaluating antibody dynamics following vaccination, was requested from all hospital staff. In this study, we included six healthcare workers involved in patient care who were infected during the first wave of SARS-CoV-2 in spring 2020 (Group 1) and a control group (Group 2) of nine healthcare workers who did not contract SARS-CoV-2, who were randomly selected from the same department as those who did contract the virus. Blood samples were drawn from study subjects on the day that they were inoculated with the first vaccine dose (Day 0), at the time of the second vaccine dose (Day 21) and 7 days after the first and the second doses of the vaccine. Among the Group 1 subjects, four were followed up serologically for the purpose of the study at 2, 4, 5 and 7 months after symptom onset. In these subjects, the pre-vaccination serum sample corresponded to 9 months after symptom onset.




2.3. Laboratory Tests


In Group 1 subjects, a diagnosis of SARS-CoV-2 infection was confirmed by molecular testing of nasopharyngeal swabs. Briefly, nasopharyngeal swabs were processed according to the routinely used diagnostic protocol, standardized following the WHO guidelines [7]. RNA extraction was performed by an automated method (MagNApure LC RNA isolation kit-High performance, Roche), according to the manufacturer’s instructions. Real-time reverse transcription polymerase chain reaction (qRT-PCR) tests were executed using the US Centers for Disease Control and Prevention (CDC) 2019-nCoV qRT-PCR Diagnostic Panel assay and protocol [8] with a limit of detection (LOD) of 10 copies/well. As an internal control, the human beta actin ACTB target was used.



IgG/IgM antibodies to SARS-CoV-2 were detected using the following serological tests:




	-

	
An automated chemiluminescent microparticle immunoassay (CMIA) test for the qualitative detection of IgM antibodies to the spike protein of SARS-CoV-2 (SARS-CoV-2 IgM, Abbott Laboratories, IL, USA). According to the manufacturer’s instructions, serum samples were considered positive when the output index was ≥1.0 AU/mL.




	-

	
An automated CMIA test for the qualitative detection of IgG antibodies to the nucleocapsid protein of SARS-CoV-2 (SARS-CoV-2 IgG, Abbott Laboratories). Serum samples were considered positive when the output index was ≥1.4 AU/mL.




	-

	
An automated CMIA test for the qualitative and quantitative detection of IgG antibodies to the spike receptor-binding domain (RBD) of SARS-CoV-2 (SARS-CoV-2 IgG II Quant assay, Abbott Laboratories). The LOD of the assay was 6.9 AU/mL; the upper limit of quantification was 80,000 AU/mL.









The three assays were run on an ARCHITECT i System (Abbott), according to the manufacturer’s instructions.



Neutralizing antibodies against SARS-CoV-2 were titrated by an in-house SARS-CoV-2 microneutralization assay performed at the Department of Molecular Medicine, University of Padua. Briefly, serum samples were diluted in Eagle’s minimal essential medium, starting from 1:10 in a twofold dilution series, mixed 1:1 with a virus solution containing 100 fifty-percent tissue culture infectious dose (TCID50) of SARS-CoV-2 isolated from a symptomatic patient. Fifty microliters of the virus–serum mixtures were incubated for 1 h at 37 °C, 5% CO2, followed by inoculation into tissue culture microtiter plates containing Vero E6 cells grown as monolayers at 37 °C, 5% CO2. At 72 h of incubation, wells were observed via light microscopy for the presence of cytopathic effects compared to the virus control and were stained with Gram’s crystal violet solution, plus 5% formaldehyde, for 30 min. All neutralization tests were performed in duplicate. Neutralizing antibody titers were defined as the reciprocal of the highest dilution of the serum that showed 50% neutralization of cytopathic effects in a microneutralization assay. Neutralizing antibody titers ≥20 were considered positive.




2.4. Statistical Analysis


Data were represented as the median value and interquartile range (IQR) and as the geometric mean titer (GMT) ± 95% confidence interval (95% CI). Comparisons between groups were conducted using Mann–Whitney U-tests with continuity correction. Statistical significance was defined as p < 0.05. All statistical analyses were performed using Statistica™ software, version 13.4.0.14 (TIBCO Software Inc., Palo Alto, CA, USA).





3. Results


3.1. Case Description


All six healthcare workers included in Group 1 had a mild disease (Table 1) and were quarantined at home until they recovered from their symptoms and had two consecutively negative SARS-CoV-2 molecular tests on their nasopharyngeal swabs, performed at an interval of at least 24 h, according to the national guidelines. The cases included three female and three male individuals, with a median age of 44.5 years (IQR 40.5–47.0 years). Symptom onset was reported from 17 March 2020 to 22 March 2020. The first positive SARS-CoV-2 qRT-PCR result was obtained 1–4 days after symptom onset and the median duration of quarantine was 30 days, with a range of 24–41 days.



Control healthcare workers without SARS-CoV-2 infection (Group 2) included four females and five males, with a median age of 36 years (IQR, 33–57 years).




3.2. Reactogenicity of BNT162b2 mRNA COVID-19 Vaccine


Vaccination was well tolerated by both Group 1 and Group 2 subjects. The most common vaccine-associated side effects were local pain and asthenia (Table 2). Side effects occurred with comparable frequency in Group 1 and Group 2 subjects, with the exception of local pain, which was reported more frequently by Group 1. In both groups, side effects were more frequent after the second vaccine dose (Table 2).




3.3. Antibody Responses after Natural SARS-CoV-2 Infection and Vaccination with BNT162b2 mRNA Vaccine


Four out of the six cases in Group 1 (with SARS-CoV-2 infection) were followed-up with antibody testing at 2, 4, 5 and 7 months after symptom onset. Overall, anti-SARS-CoV-2 spike RBD IgG titers and neutralizing antibody titers progressively declined during follow-up (Figure 1 and Figure 2).



Following the first dose of the BNT162b2 mRNA COVID-19 vaccine, all Group 1 subjects rapidly developed high titer anti-SARS-CoV-2 RBD IgG antibodies and neutralizing antibodies, which were about 10–100-fold higher than pre-vaccination titers, as shown by the results of serology testing 7 days after the first vaccine dose (Figure 1 and Figure 2). In contrast, Group 2 subjects, in whom prior SARS-CoV-2 infection was excluded by screenings with molecular and serology tests, had slower antibody responses and reached high titer antibodies only after the second vaccine dose (Figure 1 and Figure 2). In particular, half of the Group 2 subjects had neutralizing antibody titers <20 on the day of administration of the second vaccine dose (Day 21), but all mounted anti-SARS-CoV-2 neutralizing antibodies after the second vaccine dose, with titers >320 in all subjects on day 7 after the second dose. Notably, the titers of SARS-CoV-2-neutralizing antibodies measured in Group 1 subjects 7 days after the first vaccine dose were not significantly different from the neutralizing antibody titers measured 7 days after the second vaccine dose in naïve Group 2 subjects (GMT, 95% CI: 906, 552–1348 vs. 670, 364–1228, p = NS).



The analyses of IgM antibodies against the spike protein of SARS-CoV-2 showed transiently positive results only in two subjects from Group 1, on day 7 after the first vaccine dose, in agreement with prior immunization results. In contrast, most Group 2 subjects mounted anti-spike IgM antibodies, which were detectable in four out of nine subjects on day 21 after the first vaccine dose and in seven out of nine subjects on day 7 after the second vaccine dose (Figure 3).



As expected, IgG antibodies against the nucleocapsid protein of SARS-CoV-2 were detectable in all Group 1 subjects after SARS-CoV-2 infection and their levels (output index) showed a decline during follow-up (at 2 and 7 months after infection, median 4.6, range 3.2–5.7 AU/mL, and median 1.2, range 0.2–2.0 AU/mL, respectively). At the time of the first vaccine dose, i.e., at 9 months after infection, only two out of six Group 1 subjects still had detectable anti-nucleocapsid protein IgG antibodies, whose levels remained stable after the first and second doses of the COVID-19 vaccine (Figure 3). In contrast, at the time of the first vaccine dose, all Group 2 subjects had no detectable anti-nucleocapsid protein IgG antibodies and remained negative following vaccination, confirming that they had not been infected with SARS-CoV-2 (Figure 3).





4. Discussion


In this study, we report the dynamics of antibodies against SARS-CoV-2, including neutralizing antibodies, in a group of healthcare workers who contracted SARS-CoV-2 in March 2020 and received two doses of the BNT162b2 mRNA COVID-19 vaccine in January 2021. The reactogenicity and antibody response to vaccination was compared with that of a control group of healthcare workers from the same department, who were not previously infected with SARS-CoV-2.



The vaccine was well tolerated both in previously infected subjects and in naïve individuals, with no significant difference in the frequency of vaccine-associated side effects, with the exception of local pain, which was more common in previously infected subjects. In contrast with our findings, a study by Krammer et al. [9], with a larger number of subjects, reported more severe reactogenicity to mRNA vaccines in individuals with pre-existing immunity, since they developed systemic symptoms more frequently than individuals who were seronegative at vaccination, while local side effects occurred with comparable frequency in the two groups.



In our study, subjects with prior SARS-CoV-2 infection showed a decline in antibody titers with time, which rapidly and markedly increased after COVID-19 vaccination, as demonstrated by the 10–100-fold increase in anti-spike RBD IgG and neutralizing antibody titers in serum samples collected one week after the first vaccine dose. At the time of administration of the second dose of the vaccine, that is, about 3 weeks after the first dose, all subjects with prior SARS-CoV-2 infection showed a further increase in anti-SARS-CoV-2 spike RBD IgG titers and neutralizing antibody titers, at levels similar to those observed after the second vaccine dose, suggesting that a plateau was reached.



In contrast, only half of the naïve controls had developed neutralizing antibodies at the time of the second vaccine dose, while all control individuals developed high neutralizing antibody titers one week after the second dose of the vaccine. These results are in agreement with a recent study, which showed that a single BNT162b2 vaccine dose induced low-level neutralizing antibodies and T-cell responses in naïve individuals [10].



Overall, the levels of neutralizing antibodies were markedly higher in response to the vaccine than after natural infection. In all subjects with pre-existing immunity, a rapid increase in neutralizing antibody titers was observed one week after the first dose, which seemed to act as a booster. Indeed, such a rapid response was not demonstrated in controls. Notably, in previously infected individuals, SARS-CoV-2 neutralizing antibody titers measured in serum samples collected 7 days after the first dose of the BNT162b2 mRNA COVID-19 vaccine were not significantly different from the neutralizing antibody titers observed in naïve subjects only 7 days after the second vaccine dose. This might suggest that, in previously infected people, even those who had a mild disease, such as the subjects of this study, a single dose of the vaccine might be sufficient to induce an effective response.



This aspect is of paramount importance when considering how we can conserve doses of the vaccine, e.g., in the context of scarce availability. In agreement with our observations, recent studies on both the Pfizer/BioNTech and Moderna mRNA COVID-19 vaccines reported significantly higher antibody titers in vaccinees with a previous infection than in naïve vaccinees [9,10,11,12,13,14,15,16]. In particular, analyses of the antibody response to the first BNT162b2 dose in previously infected individuals demonstrated an increase in anti-spike IgG and neutralizing antibody titers of more than 140 times that of peak pre-vaccine levels, and at levels significantly higher than those found in infection-naïve individuals [11]. Likewise, a single BNT162b2 vaccine dose induces significantly higher virus neutralization titers and stronger T-cell responses to the SARS-CoV-2 spike protein in previously infected individuals than in naïve individuals [10]. In addition, an investigation into the immunogenicity of the BNT162b2 mRNA vaccine in a large cohort of Israeli healthcare workers showed that, 21 days after the first vaccine dose, those with a prior infection had antibody titers one order of magnitude higher than naïve individuals, regardless of the presence of detectable IgG antibodies pre-vaccination [17]. Although our study was performed with a small group of subjects, it nevertheless provides important information about the dynamics of the antibody response to vaccination. In fact, in contrast with the above reports, our study includes a homogeneous group of individuals who were infected 9 months before vaccination and who had low anti-SARS-CoV-2 RBD IgG antibodies and neutralizing antibody titers at the time of vaccination. The rapid and robust neutralizing antibody response to vaccination in these subjects confirms the persistence of the immunological memory of SARS-CoV-2 [5]. In addition, our study showed that the second BNT162b2 vaccine dose did not result in a further increase in anti-RBD IgG and virus-neutralizing titers in subjects with a previous SARS-CoV-2 infection.



One key consideration is whether vaccinees should be tested for IgG antibodies before vaccination. In our study, anti-SARS-CoV-2 RBD IgG antibodies detected using CMIA Quant showed dynamics comparable to neutralizing antibodies and, in some cases, the test was more sensitive, since anti-RBD IgG antibodies could be detected earlier than neutralizing antibodies. The availability of standardized automated immunoassays, such as the CMIA Quant test used in this study, for the detection of antibodies targeting SARS-CoV-2 spike proteins (or its RBD as a proxy for neutralizing antibodies) [18,19] will make it easier to determine antibody responses to SARS-CoV-2 vaccines in most laboratories, while neutralizing assays can only be performed in a few laboratories.



As expected, IgG antibodies against the nucleocapsid protein detected using a CMIA did not show an increase in response to the vaccine (the cases with positive IgG antibodies were still harboring them in response to the natural infection). This test could be used to retrospectively identify individuals who naturally contracted SARS-CoV-2 in order to distinguish them from vaccinated individuals. However, in our study, the sensitivity of the anti-SARS-CoV-2 nucleocapsid protein IgG CMIA was low, since only two out of six subjects had detectable IgG antibodies 9 months after infection. Likewise, testing IgM antibodies against nucleocapsid protein could be useful when attempting to identify a recent infection, as anti-spike protein IgM antibodies are also induced by vaccination. However, anti-spike protein IgM antibodies showed a different path when compared between infected healthcare workers and controls, with most of the latter testing positive after the second dose of the vaccine, while only two individuals with pre-existing immunity had a slight, transient increase in IgM antibodies one week after the first vaccine dose, in agreement with secondary immunization. Since it was not possible to discern a clear correlation between vaccination and IgM antibodies detected by CMIA, this test might not be suitable for evaluating the response to vaccination.



The main limitation of this study is the small number of individuals included. However, we believe that these preliminary data are useful and that they raise important questions that should be investigated further in larger cohorts of COVID-19 vaccinees.




5. Conclusions


SARS-CoV-2 neutralizing antibodies showed a rapid, marked increase after the first dose of the BNT162b2 mRNA COVID-19 vaccine in a group of previously infected individuals and reached titers similar to those observed in naïve subjects only after the second vaccine dose. These findings raise the question of whether a single vaccine shot might be sufficient in the presence of a previous infection. CMIA Quant demonstrated its usefulness in evaluating the response to the vaccine in individuals with and without previous infection. Further studies on larger cohorts of patients are required to confirm these findings, which are relevant to the conservation of vaccine supplies and to the implementation of strategies to monitor the response to vaccination across a larger number of laboratories.
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Figure 1. Anti-SARS-CoV-2 IgG antibody responses after natural SARS-CoV-2 infection and after vaccination with the BNT162b2 mRNA COVID-19 vaccine. Titers of IgG anti-SARS-CoV-2 spike receptor-binding domain (RBD) were measured with a chemiluminescent microparticle immunoassay (SARS-CoV-2 IgG II Quant assay, Abbott). The results are reported in the box–whisker plots as median IgG AU/mL, 25% to 75% percentile, and non-outlier range. Blood samples were drawn from Group 1 (n = 6 subjects with prior SARS-CoV-2 infection) and Group 2 (n = 9 subjects without prior SARS-CoV-2 infection) on days 0, 7 and 21 after the first vaccine dose and on day 7 after the second vaccine dose. The second vaccine dose was administered on day 21. In four out of the six subjects in Group 1, serology testing was also performed at 2, 4, 5, and 7 months after natural SARS-CoV-2 infection. The p values of Mann–Whitney U-tests with continuity correction are reported. NS: p value not statistically significant. 






Figure 1. Anti-SARS-CoV-2 IgG antibody responses after natural SARS-CoV-2 infection and after vaccination with the BNT162b2 mRNA COVID-19 vaccine. Titers of IgG anti-SARS-CoV-2 spike receptor-binding domain (RBD) were measured with a chemiluminescent microparticle immunoassay (SARS-CoV-2 IgG II Quant assay, Abbott). The results are reported in the box–whisker plots as median IgG AU/mL, 25% to 75% percentile, and non-outlier range. Blood samples were drawn from Group 1 (n = 6 subjects with prior SARS-CoV-2 infection) and Group 2 (n = 9 subjects without prior SARS-CoV-2 infection) on days 0, 7 and 21 after the first vaccine dose and on day 7 after the second vaccine dose. The second vaccine dose was administered on day 21. In four out of the six subjects in Group 1, serology testing was also performed at 2, 4, 5, and 7 months after natural SARS-CoV-2 infection. The p values of Mann–Whitney U-tests with continuity correction are reported. NS: p value not statistically significant.



[image: Viruses 13 00422 g001]







[image: Viruses 13 00422 g002 550] 





Figure 2. Anti-SARS-CoV-2 neutralizing antibody responses after natural SARS-CoV-2 infection and after vaccination with the BNT162b2 mRNA COVID-19 vaccine. SARS-CoV-2 neutralizing antibody titers were measured with a microneutralization assay using live virus. The results are reported in the box–whisker plots as median neutralization (NT) titers, 25% to 75% percentile, and non-outlier range. Blood samples were drawn from Group 1 (n = 6 subjects with prior SARS-CoV-2 infection) and Group 2 (n = 9 subjects without prior SARS-CoV-2 infection) on days 0, 7 and 21 after the first vaccine dose and on day 7 after the second vaccine dose. The second vaccine dose was administered on day 21. In four out of the six subjects in Group 1, serology testing was also performed at 2, 4, 5, and 7 months after natural SARS-CoV-2 infection. The p values of Mann–Whitney U-tests with continuity correction are reported. NS: p value not statistically significant. 






Figure 2. Anti-SARS-CoV-2 neutralizing antibody responses after natural SARS-CoV-2 infection and after vaccination with the BNT162b2 mRNA COVID-19 vaccine. SARS-CoV-2 neutralizing antibody titers were measured with a microneutralization assay using live virus. The results are reported in the box–whisker plots as median neutralization (NT) titers, 25% to 75% percentile, and non-outlier range. Blood samples were drawn from Group 1 (n = 6 subjects with prior SARS-CoV-2 infection) and Group 2 (n = 9 subjects without prior SARS-CoV-2 infection) on days 0, 7 and 21 after the first vaccine dose and on day 7 after the second vaccine dose. The second vaccine dose was administered on day 21. In four out of the six subjects in Group 1, serology testing was also performed at 2, 4, 5, and 7 months after natural SARS-CoV-2 infection. The p values of Mann–Whitney U-tests with continuity correction are reported. NS: p value not statistically significant.
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Figure 3. Anti-SARS-CoV-2 Spike IgM antibody (upper panels) and anti-SARS-CoV-2 nucleocapsid protein (NP) IgG antibody (lower panels) levels in healthcare workers with previous COVID-19 infection (Group 1, n = 6) and in healthcare works without prior SARS-CoV-2 infection (Group 2, n = 9). Blood samples were drawn on days 0, 7 and 21 after the first BNT162b2 mRNA vaccine dose and on day 7 after the second vaccine dose. The second BNT162b2 mRNA vaccine dose was administered on day 21. Antibodies were determined by qualitative chemiluminescent microparticle immunoassay (CMIA) assays (Abbott Laboratories) and reported as AU/mL values. Dashed horizontal lines represent cutoff values. 
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Table 1. Demographic and clinical findings in six healthcare workers with SARS-CoV-2 infection (Group 1).






Table 1. Demographic and clinical findings in six healthcare workers with SARS-CoV-2 infection (Group 1).





	ID
	Age Range, Sex
	Symptoms
	Quarantine Duration (Days)





	1
	30s, female
	Fever (max 38.5 °C) for 4 days, asthenia, mild cough, diarrhea (1 day), ageusia, anosmia
	25



	2
	40s, male
	Fever (max 38 °C) for 1 day, asthenia, arthralgias, anosmia
	24



	3
	40s, male
	Asthenia, oral ulcers, ageusia, anosmia
	29



	4
	40s, female
	Fever (max 38 °C) for 3 days, asthenia, ageusia
	41



	5
	30s, female
	Fever (max 38.5 °C), asthenia, ageusia, anosmia
	32



	6
	40s, male
	Asthenia, anosmia
	35
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Table 2. Vaccine-associated side effects experienced after the first and the second dose of BNT162b2 mRNA COVID-19 vaccine in Group 1 (with previous SARS-CoV-2 infection) and in Group 2 (naïve) subjects.






Table 2. Vaccine-associated side effects experienced after the first and the second dose of BNT162b2 mRNA COVID-19 vaccine in Group 1 (with previous SARS-CoV-2 infection) and in Group 2 (naïve) subjects.





	
Vaccine-Associated Side Effects

	
Group 1 (n = 6)

	
Group 2 (n = 9)




	
First Dose

	
Second Dose

	
First Dose

	
Second Dose






	
Local pain

	
6 (100%)

	
5 (83%)

	
3 (33%)

	
4 (44%)




	
Asthenia

	
0

	
3 (50%)

	
2 (22%)

	
4 (44%)




	
Fever > 37.5 °C

	
0

	
1 (17%)

	
0

	
2 (22%)




	
Headache

	
0

	
0

	
1 (11%)

	
3 (33%)




	
Myalgia

	
0

	
1 (17%)

	
0

	
2 (22%)




	
Adenopathy

	
1 (17%)

	
0

	
0

	
0




	
Lymphangitis

	
0

	
0

	
0

	
1 (11%)




	
Nausea

	
0

	
0

	
0

	
1 (11%)
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