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A B S T R A C T   

Background and aims: Monitoring the immune response against SARS-CoV-2 is pivotal in the evaluation of long- 
term vaccine efficacy. Immunoglobulin G (IgG) antibodies represent an advisable tool to reach this goal, espe-
cially for the still poorly defined antibody trend induced by the new class of mRNA vaccines against SARS-CoV-2. 
Materials and methods: Anti-Spike RBD IgG antibodies were monitored in a cohort of healthcare workers at CRO 
Aviano, National Cancer Institute, through MAGLUMI® chemiluminescence assay, at 1 and 4 months after full- 
schedule of BNT162b2 or mRNA-1273 vaccination. 
Results: At 1 month after vaccination, 99.9% of 767 healthcare workers showed a reactive antibody response, 
which was inversely correlated with age, and positively associated with a previous history of COVID-19, and 
mRNA-1273 vaccination. Serological response was maintained in 99.6% of the 516 subjects monitored also at 
follow-up. An antibody decay from 559.8 AU/mL (IQR 359.7–845.7) to 92.7 AU/mL (IQR 65.1–148.6; p <
0.001) was observed, independently from age and sex. 
Conclusion: Our data supported the ability of SARS-CoV-2 mRNA vaccines to induce at least a 4 months-lasting 
IgG response, even outside the rules of clinical trials. The antibody decay observed at follow-up suggested to 
deepen the immune response characterization to identify subjects with low anti-SARS-CoV-2 immunity possibly 
requiring a vaccination boost.   

1. Introduction 

Clinical trials evaluating the efficacy of mRNA-based SARS-CoV-2 
vaccines looked at the first occurrence of symptomatic COronaVIrus 
Disease 19 (COVID-19) with onset at least 7–14 days after the second 
vaccine injection, among participants who were seronegative at baseline 
[1,2]. However, at present, there is an urgent need to evaluate the im-
mune response kinetics with the aim of monitoring the vaccination 
coverage. A valuable biomarker of vaccine efficacy is represented by the 
induction of an effective immune response, which could be monitored 
through different parameters, as the virus-specific antibody production. 

In the natural infection by SARS-CoV-2 the major antigenic target of 
human antibodies is the Spike protein and in particular the Receptor 
Binding Domain (RBD) [3–5]. The RBD is responsible for the binding to 
the angiotensin-converting enzyme 2, the main receptor recognized by 
the virus to enter into the target cells [3], and is the primary target of 
SARS-CoV-2-neutralizing antibodies [6]. The Spike protein is encoded 
by both the mRNA-based vaccines, BNT162b2 (Pfizer-BioNTech) and 
mRNA-1273 (Moderna), currently in use to prevent SARS-CoV-2 infec-
tion [1,2]. Thus, antibody response against this protein and, in partic-
ular, the RBD represents a valuable tool to monitor the vaccine efficacy 
[7]. 

Abbreviations: COVID-19, COronaVIrus Disease 19; RBD, Receptor Binding Domain; Ig, Immunoglobulin; HCW, HealthCare Workers; AU, Arbitrary Units; IQR, 
InterQuartile Range. 
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Several clinical laboratory assays are now available to track the 
immune response, by evaluating the presence and the titer of Spike- 
RBD-specific Immunoglobulin (Ig) M, IgG, and IgA antibodies [5,8]. 
Recent evidence suggests that measuring SARS-CoV-2 IgM is needless 
and probably misleading, due to the low concordance of results obtained 
with different technologies [9], while IgA seem to predominate only at 
the early phase of disease, then decaying faster than IgG [10]. 
Conversely, IgG showed a slower decline [5] and a strong correlation 
with sera neutralizing activity [11]. 

Antibody decay represents a physiological response after natural 
infection and vaccination and should be monitored to evaluate the 
percentage of population losing the protective immunity [12]. 
Currently, still little is known about the decay rate of antibody titer after 
mRNA-based SARS-CoV-2 vaccination, and available data are limited to 
a low number of individuals [13–15] or a short follow-up [16], even if 
literature is growing quickly. Studies performed on SARS-CoV-2 infected 
individuals reported IgG antibody appearance at the fourth day after 
symptom onset, a peak of the levels in the second and third week of the 
illness [9], and then an antibody persistence from 9 to 11 months after 
the natural infection [5,17]. In particular, a longitudinal analysis 
monitoring COVID-19 convalescent plasma donors showed a decrease in 
IgG levels overtime, but reported that 91.4% of donors had detectable 
IgG levels up to 11 months after recovery, thus asserting that seror-
eversion to negative was uncommon [5]. Preliminary studies on vacci-
nated individuals showed that antibodies elicited by the mRNA-1273 
vaccine persisted through 6 months after the second dose, estimating a 
half-life of 52 days calculated with a model assuming a steady decay rate 
over time, or even 109 days using a model assuming that decay rate 
decrease over time [13]. Another study reported an exponential growth 
of SARS-CoV-2 Spike specific IgG immediately after vaccination, 
reaching a plateau 18–21 days after the first dose, and then 7 days after 
the second vaccination dose, and maintaining the 58% of peak values till 
more than 100 days of followup [7]. Conversely, Spike-specific IgA 
decreased quickly, falling to the 18% of peak levels within 100 days of 
follow-up [7]. 

However, several clinical factors could influence the generation of an 
effective immune response as well as the maintenance of an immuno-
logical memory during time. Even if no significant differences were re-
ported for age and sex in the main clinical trials evaluating the efficacy 
of mRNA-based vaccines [1,2], several studies described a reduced ef-
ficacy of vaccination in vulnerable subjects as cancer patients, kidney 
transplant recipients, and hemodialysis patients [18,19]. 

On these backgrounds, the main aim of the present study was to 
monitor the induction of an IgG antibody response after mRNA-based 
vaccination against SARS-CoV-2 in a real-life setting involving health-
care workers (HCW), measuring the antibody titer 1 and 4 months after 
a complete vaccination schedule, to evaluate the antibody decay rate 
with an automated and highly reproducible system. This analysis could 
contribute to better define the duration of protection against COVID-19 
after vaccination, also considering the possible need for a vaccination 
boost. 

2. Material and methods 

2.1. Subjects and blood sample collection 

Seven hundred and sixty-seven HCW were tested, as part of occu-
pational health surveillance, for anti-SARS-CoV-2 antibodies 1 month 
after two vaccination doses (BNT162b2 [n = 722; 94.1%] or mRNA- 
1273 [n = 43; 5.6%] vaccines [unknown: n = 2; 0.3%]). Among 
these, 516 (BNT162b2, n = 515; 99.8%; mRNA-1273, n = 1; 0.2%) were 
tested also 4 months after the final dose (median 105, range 90–175 days 
after the first evaluation). For all the included subjects, surveillance for 
SARS-CoV-2 infection was carried out through a molecular assay on a 
nasopharyngeal swab every 15–30 days. All subjects expressed their 
informed consent for the conservation and use of biological samples, 

which are stored in the Institute Biobank. 

2.2. Serological tests 

Serum was obtained from a 4.9 ml blood sample after centrifugation 
at 3600 rpm for 10 min at room temperature, then frozen and main-
tained at − 80 ◦C till usage. Serum samples were thawed at 37 ◦C for 10 
min and after vortexing they were analysed for the detection of IgG 
against SARS-CoV-2 Spike RBD through the MAGLUMI® SARS-CoV-2 S- 
RBD IgG kit on a MAGLUMI 800 analyzer (Snibe Diagnostic, Shenzen 
New Industries Biomedical Engineering Co. Ltd., Shenzen, China) under 
manufacturer’s instructions. Briefly, the immunoassay evaluates the IgG 
concentration by means of a calibration curve (instrument-specifically 
generated by 2-point calibration, based on a 10-point master curve 
provided by the MAGLUMI system) in chemiluminescence. Results are 
expressed as arbitrary units (AU)/mL within a linear range of 0.180–100 
AU/mL (defined by the Limit of Detection and the maximum of the 
master curve). Presence of reactivity was established for values ≥1.1 
AU/mL, absence of reactivity for values <0.9 AU/mL; values between 
0.9 and 1.1 AU/mL were considered undetermined [9]. In case of IgG 
concentration >100 AU/mL, serum samples were automatically diluted 
by the analyzer and the antibody titer calculated again by the analyzer 
software. The Coefficient of Variation (CV) varied from 11.82% for 
values of 0.550 AU/ML, to 8.51% for 2.421 AU/mL, till 4.89% for 5.109 
AU/mL. 

2.3. Statistical analysis 

Categorical data are reported as absolute frequencies and percent-
ages, continuous variables are reported as median and interquartile 
range (IQR). Due to the skewed distribution of values, difference in IgG 
values between groups was accessed with Kruskal-Wallis or Mann- 
Whitney test as appropriate. Paired differences between the two as-
sessments were analyzed with Wilcoxon signed rank test. Association 
between continuous variables was measured using Spearman’s corre-
lation coefficient (rho). Chi-squared test was used to evaluate associa-
tion between categorical variables. In box plot graphics, the horizontal 
line represents the median value, the box the interquartile range and the 
whiskers the lower and the higher value included in the following in-
terval: 1st quartile − 1.5x(3rd-1st quartile) and 3rd quartile + 1.5x(3rd 
− 1st quartile); values outside this interval are considered outliers (dots). 
A p-value <0.05 was considered statistically significant. 

3. Results 

3.1. Detection of SARS-CoV-2 S-RBD IgG 1 month after vaccination 

Globally, 767 HCW were tested for the presence of IgG specific for 
SARS-CoV-2 Spike-RBD 1 month after receiving the second dose of the 
preventive vaccination. 557 (72.6%) were female, 210 (27.4%) male, 
with a median age of 46 (IQR 35 – 55). Overall, a reactive antibody 
response was registered in the 99.9% (766/767) of the subjects, showing 
an IgG value ≥1.1 AU/mL. The only negative subject was affected by a 
lymphoproliferative disease under therapeutic treatment. 

No difference in the antibody titer was highlighted between men and 
women in the global case study (p = 0.166) (see Supplementary Data, 
Supplementary Table 1), while the IgG concentration negatively corre-
lated with age (Spearman’s rho = − 0.21, p < 0.001) (Fig. 1), with 
median values of 716.1 AU/mL for subjects < 30 years (IQR 
470.9–1034.8) and 450.3 AU/mL for individuals ≥ 60 years (IQR 
231.3–741.8). 

SARS-CoV-2 infection before first dose of vaccination was detected in 
64/767 (8.3%) subjects through molecular swab analysis; in these sub-
jects the antibody titer appeared significantly higher (median value 
1249.3 AU/mL, IQR 726.3–1881.5) than that measured in infection-free 
individuals (median value 538.2 AU/mL, IQR 312.1–809; p < 0.001). 
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No differences were noticed in subjects reporting COVID-19 symptoms 
(46/64, 71.9%; median value 1230.45 AU/mL, IQR 767–1900.9) 
compared to asymptomatic patients (median value 1308.45 AU/mL, 
IQR 710.8–1842). 

Then, we compared antibody titers between patients receiving the 
BNT162b2 vaccine (n = 722), and those vaccinated with mRNA-1273 (n 
= 43). The two populations were similar in terms of age and sex 
(Table 1), but those receiving the mRNA-1273 showed a higher preva-
lence of patients with previous SARS-CoV-2 infection (n = 42, 5.8% for 
BNT162b2; n = 21, 48.8% for mRNA-1273). Thus, we stratified patients 
based on previous infection and interestingly observed that higher levels 
of antibodies were detected after mRNA-1273 vaccine compared to 
BNT162b2 type both in infection-naïve cases (BNT162b2, median value 
532.55 AU/mL, IQR 310.85–804.55; mRNA-1273, median value 736.95 
AU/mL, IQR 484.8–988; p = 0.016), and in those with a history of 
COVID-19 (BNT162b2, median value 1072.65 AU/mL, IQR 
503.1–1606.7; mRNA-1273, median value 1813.4 AU/mL, IQR 

865.4–2500; p = 0.019) (Table 1). In the mRNA-1273 cohort a signifi-
cantly higher antibody titer was observed in case of SARS-CoV-2 infec-
tion (median value 1813.4 AU/mL, IQR 865.4–2500) in comparison to 
infection-free individuals (median value 736.95 AU/mL, IQR 
484.8–988; p = 0.002) (Fig. 2). 

3.2. Detection of SARS-CoV-2 S-RBD IgG 4 months after vaccination 

Antibody titer was evaluated a second time, 4 months after vacci-
nation, in a subgroup of 516 HCW belonging to the global case study. 
Those presenting both evaluations (n = 516) and subjects with a single 
antibody test (n = 251) were similar for sex distribution, age and IgG 
concentration measured 1 month after vaccination (see Supplementary 
Data, Supplementary Table 2). The median time between the first and 
the second evaluation was 105 days (range 90–175 days), no correlation 
between the antibody titer and different blood sample timing was 
observed (Spearman’s rho = 0.04, p = 0.332). 

At 4 months after vaccination, 99.6% of the subjects (514/516) 
showed a reactive antibody response against Spike-RBD. The two non- 
reactive (one undetermined and one negative) subjects were affected 
by an autoimmune disease. As for the first evaluation, also the IgG titer 
measured 4 months after vaccination showed a negative correlation 
with age (Spearman’s rho = − 0.18, p < 0.001). 

A reduction in the antibody titer was observed for almost all subjects, 
except for 1 case that showed a positive molecular swab for SARS-CoV-2 
between the first and the second IgG evaluation, and did not display 
antibody decrease (not shown). Considering only subjects with both 
evaluations, median values were 559.8 AU/mL (IQR 359.7–845.7) for 
the first assessment vs 92.7 AU/mL (IQR 65.1–148.6) for the second (p 
< 0.001). Values of the second IgG in each quartile of the first IgG are 
represented in Fig. 3. 

The antibody decay was evaluated as percentage of decrease from 
the IgG value measured 1 month after vaccination and the correspond-
ing level detected 3 months later. No association was observed between 
antibody decay and age (Spearman’s rho = − 0.02), sex (women, median 
value 82.6%, IQR 74.8–86.5; men, median value 81.5%, IQR 73.5–87.6; 
p = 0.996), while a slightly lower decrease was observed for subjects in 
the first quartile of levels of IgG measured 1 month after vaccination 

Fig. 1. Correlation of anti-SARS-CoV-2 IgG levels and age at 1 month after vaccination. The antibody titers of 767 HCW are plotted against age; the dashed line 
represents the linear trend. Anti-S, anti-Spike RBD; AU, arbitrary units. 

Table 1 
Comparison of clinical parameters and antibody titers between HCW vaccinated 
with BNT162b2 or mRNA-1273.   

BNT162b2 mRNA-1273 p- 
value 
* 

No of subjects 722 43  
Age, median (IQR) 46 (35–55) 48 (37–54)  0.671  

Sex    
Female, n (%) 526 (72.9) 30 (69.8) 0.659 
Male, n (%) 196 (27.1) 13 (30.2)   

Anti-S IgG titers measured at 
1 month after vaccination 
in absence of COVID-19, 
median (IQR) 

532.55 
(310.85–804.55) 
AU/mL 

736.95 
(484.8–988) AU/ 
mL  

0.016     

Anti-S IgG titers measured at 
1 month after vaccination 
in case of prior COVID-19, 
median (IQR) 

1072.65 
(503.1–1606.7) AU/ 
mL 

1813.4 
(865.4–2500) 
AU/mL  

0.019 

IQR: interquartile range; Anti-S, anti-Spike RBD. 
* Mann-Whitney test for age and anti-S IgG titers, Chi-squared test for sex. 
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(Kruskal-Wallis p = 0.004), compared with other quartiles, with median 
levels ranging from 77.5% for the first quartile (IQR 70.4–85.6) to 
83.0% (IQR 75.0–88.3) of the last quartile. 

4. Discussion 

In the present study, we monitored the amount of Spike-RBD specific 
IgG antibodies in a cohort of HCW during a quite long follow-up after 
vaccination with mRNA-based vaccines BNT162b2 or mRNA-1273. As 

other investigations on Italian cohorts in real-life settings and outside 
the rules of clinical trials [20,21,16], we reported a high efficacy of the 
vaccination, detecting a positive antibody production in more than 
99.5% of cases both 1 month after the second vaccination dose, and also 
at a further follow-up of 4 months. The only 3 cases with no detectable 
antibodies or undetermined values referred to vulnerable subjects 
affected by hematological or autoimmune diseases. Studies evaluating 
the BNT162b2 vaccine efficacy in vulnerable people reported the 
development of anti-Spike SARS-CoV-2 antibodies in the 88.9% of 

Fig. 2. Antibody response to vaccination in subjects with or without previous SARS-CoV-2 infection at 1 month after vaccination. Comparison of the antibody titers 
specific for SARS-CoV-2 between infection-free HCW (neg; n = 703) and HCW with previous SARS-CoV-2 infection (pos, n = 64) after receiving vaccination. Anti-S, 
anti-Spike RBD; AU, arbitrary units. 

Fig. 3. Dynamics of antibody titer reduction at 4 months after vaccination. Distribution of the second antibody titer evaluation based on each quartile of the first 
antibody level. Anti-S, anti-Spike RBD; AU, arbitrary units. 
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hemodialysis patients, the 17.8% of kidney transplant recipients [19], 
and the 55% of cancer patients [18]. In particular, the lack of serocon-
version was associated with age over 65 and treatment by chemotherapy 
[18], thus supporting the need to monitor the antibody trend especially 
in these patients after vaccination. 

Our results revealed an inverse correlation between age and anti-
body titer, measured both at 1 and 4 months after the second vaccination 
dose. The same observation was reported in other Italian cohorts, 
showing reduced levels of antibodies in subjects aged >65 years 
compared to younger patients [20,21], even if this difference was not 
always maintained overtime [16]. The main difference between these 
studies and our analysis is the time of observation: we monitored the 
antibody titer at a longer follow-up, still reporting an inverse correlation 
between age and the amount of antibodies 4 months after vaccination. A 
reduced induction of a protective immunity against SARS-CoV-2 after 
mRNA-based vaccines was noticed in particular in individuals above 
70–75 years [22], which are under-represented in our cohort. 

No differences were instead revealed for sex, for any class of age, 
with male and female showing a comparable antibody titer 1 month 
after vaccination, and similar levels of antibody decay. Literature in this 
regard is still conflicting, reporting in some cases a higher initial anti-
body level in women compared to men [23], while others showed no 
differences due to sex [16]. 

The clinical parameter that seemed to mainly influence the antibody 
level in our cohort was the documented previous infection by SARS-CoV- 
2. People affected by the virus before vaccination showed higher levels 
of Spike-RBD antibodies compared to infection-naïve individuals 1 
month after vaccination. This data was reported also in other cohorts of 
subjects [21,16]. We could not evaluate whether this difference was 
maintained also at a longer follow-up, because of the reduced number of 
subjects with a previous infection monitored 4 months after vaccination. 
Other studies reported discordant data in this regard, showing both a 
decline of the antibody titer more accentuated in subjects with a pre-
vious infection, compared to individuals not infected [21], or conversely 
a lack of drop in antibody at 3 months after the first injection if people 
were seropositive before vaccination [24]. Interestingly, in our cohort 
the antibody decay observed between the first and the second analyses 
was only slightly dependent on the first IgG level, showing comparable 
percentages of decrease in all the classes of subjects divided by first IgG 
level. We thus hypothesized that the higher level of antibodies observed 
1 month after vaccination in pre-infected individuals should not influ-
ence the subsequent decay. However, to definitively confirm this idea 
we should implement the number of antibody evaluations at 4 months 
after vaccination and further extend the time of follow-up. We docu-
mented only 1 case of SARS-CoV-2 infection between the first and the 
second antibody evaluation, that was the only subject not showing an 
antibody decay. Even if preliminary, this observation is consistent with 
other studies showing an increase in antibody titer months after vacci-
nation in subjects exposed to the virus, thus suggesting a natural boost of 
the immune response [17]. 

Intriguingly, subjects previously experiencing asymptomatic versus 
symptomatic infections did not show a different antibody titer 1 month 
after vaccination. Consistently, lower IgG levels were observed in 
absence of symptoms compared to symptomatic cases only during acute 
and early convalescent phase of natural infection, then smoothing out 
over a longer time [17]. 

Interestingly, both by means of previous or absence of COVID-19, 
mRNA-1273 elicited higher antibody titers compared to BNT162b2 1 
month after vaccination in our cohort of vaccinees. As recently reported 
[25], these data suggested a stronger immunogenicity for the mRNA- 
1273 formulation that could be probably related to the increased 
amount of mRNA administered with this vaccine [1,2]. Unfortunately, 
we could not perform the same analysis also at 4 months after vacci-
nation due to the paucity of subjects undergoing antibody titration in the 
group of mRNA-1273 vaccinees. 

Our data clearly showed that 4 months after the vaccination 

completion, the antibody titer experienced a significant decrease 
compared to the levels detected 3 months earlier. As already mentioned, 
the antibody decay is usually observed months after any vaccination, 
however little is still known regarding the antibody level required to 
ensure immunological protection to SARS-CoV-2 or the time of seror-
eversion to negative. It seems that the rate of antibody loss after SARS- 
CoV-2 infection is similar to that of endemic human coronavirus, 
showing a biphasic decay of neutralizing antibodies with a first rapid 
decay, mainly due to the decrease in IgA and IgM responses, and then a 
slower decrease attributed to IgG antibodies [26]. We only evaluated the 
IgG antibody titer, due to the longer half-life of this class of antibodies, 
the higher reliability of the detection methods in comparison to the 
other isotypes, and the strong correlation with the sera neutralizing 
activity, as demonstrated by Padoan et al [11]. Few studies reported a 
half-life of IgG neutralizing antibody titers ranging from 100 to 120 days 
after SARS-CoV-2 infection or vaccination, with a stabilization there-
after, assuming that the residual level of antibodies can function 
immediately to neutralize incoming virus [27,26]. Others hypothesized 
that a level of 20% of the initial antibody titer after infection is associ-
ated with 50% protection against asymptomatic or mild infection, and 
3% of the initial titer is required for 50% protection against severe 
infection [28]. Thus, monitoring the antibody titer throughout time with 
consecutive evaluations could represent a valuable tool to watch over 
the vaccine efficacy and the maintenance of an immune protection. In 
particular, the measurement performed 1 month after vaccination could 
early identify non-responders to the vaccine, while the evaluation of the 
antibody titer 4–6 months after vaccination could identify those 
requiring an eventual vaccination boost [16,29], finally optimizing the 
vaccination schedule and thus the world-wide diffusion of vaccines. 

Our analysis presented some limitations as the lower number of 
subjects analyzed at 4 months after vaccination compared to the global 
case study, in particular the absence of subjects vaccinated through the 
mRNA-1273 vaccine, and the paucity of vulnerable subjects, which may 
respond with a lesser extent to vaccines. Furthermore, our results were 
generated through a single antibody detection assay, while previous 
studies reported different antibody trends in patients with non severe 
COVID-19 when using multiple detection assays [30]. Moreover, the 
antibody response provides only a partial view of the immune protection 
induced by vaccination, since a major role is played by the cellular 
immune response. Indeed, CD4+ and CD8+ T responses specific for 
SARS-CoV-2 have been documented after natural SARS-CoV-2 infection 
and seem to persist longer than neutralizing antibodies [31,23,32,26]. 
T-cell immunity could contribute particularly in individuals with weak 
or absent antibody response, as suggested by people affected by agam-
maglobulinemia or pharmaceutical B cell depletion, that experience 
uncomplicated COVID-19 after SARS-CoV-2 infection [33–35,23]. Since 
T-cells and antibodies have distinct memory kinetics, it is not possible to 
predict T cell responses by measuring antibodies [32], thus the quanti-
fication of Spike-RBD-specific T cells should be performed together with 
serological analysis through dedicated assays. We thus plan to perform a 
serological and cellular combined analysis and extend it to a higher 
number of individuals including vulnerable subjects, in order to provide 
a more complete view of the protective coordinated immunity against 
the virus and thus propose an accurate tool to better define vaccine ef-
ficacy and coverage.  
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