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A B S T R A C T   

The global strategy to control coronavirus disease is based on the availability of COVID-19 vaccines. More information about response to a single dose vaccine could 
help to better understand and optimize the management of the vaccine campaign. 

Workers from the University of Rome “Tor Vergata” and the University Hospital of University of Rome “Tor Vergata,” were monitored during their vaccination 
program. Serum samples were collected between the first and second dose and after the second dose. University personnel has been vaccinated with two doses of 
Vaxzevria vaccine 12 weeks apart, while hospital personnel has been vaccinated with two doses of Comirnaty 3 weeks apart. 

IgG antibodies (Abs) against the Receptor Binding Domain (RBD) of the virus spike surface glycoprotein and neutralizing antibodies (NT) anti-SARS-CoV-2 that 
block the interaction between RBD and the surface receptor cellular angiotensin converting enzyme (ACE2) were measured using the CL-series Mindray chemilu
minescent assays, respectively. 

Different amounts of antibodies produced after the two doses of vaccine were found. Individuals with a previous natural infection developed a higher Abs titer. 
Among the individuals with no history of past SARS-CoV-2 infection, 5% had an Abs level of the same order of magnitude of infected people, suggesting that they 
acquired the infection in an asymptomatic way. In such individuals, one dose of vaccine may be sufficient to obtain a protective immune response.   

1. Introduction 

It has now been more than a year that the whole world has subju
gated by the pandemic caused by the Severe Acute Respiratory Syn
drome Coronavirus 2 (SARS-CoV-2) that was responsible for the 
outbreak of pneumonia first reported in Wuhan, China, on December 
2019 [1]. 

At the time of writing, the newly emerged coronavirus SARS-CoV-2 
caused more than 3 million deaths and catastrophic social-economic 
consequences. 

Vaccines represent the most effective mean to control and stop the 
COVID-19 pandemic. In countries where the vaccines are available 
started a race against time to vaccinate the majority of the population 
and reach herd immunity (70%). It is one of the most ambitious vacci
nation programs ever. 

Unfortunately, vaccines are not reaching all populations around the 
world. To ensure that distribution is fair, producers, governments and 
non-governmental organizations must focus on responsible sharing of 

doses and maximizing production. 
Global equitable access to the vaccine is the only way to mitigate the 

public health and economic impact of the pandemic, giving the priority 
to the health care workers and fragile population. 

The continued rise in cases and deaths, highlights the need to scale 
up the global vaccination efforts. 

The World Health Organization (WHO) remains concerned that the 
world will not exit the pandemic unless, and until, all countries have 
access to appropriate supplies of diagnostics, treatments and vaccines 
[2]. Inequities within and among countries are slowing down the return 
to normal social life and the economic activities. 

2. Results and discussion 

The European Medicines Agency (EMA) has authorized four vaccines 
in Europe: Pfizer-BioNTech/Comirnaty, Moderna/Spikevax, AstraZe
neca/Vaxzevria and Johnson&Johnson /COVID-19 vaccine Janssen. 
The first three are given in two doses some weeks apart, whereas 
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Janseen vaccine is administered as single dose [3–5]. 
At the University Hospital of the University of Rome “Tor Vergata”, 

has been conducted a surveillance program aiming at measuring the 
concentration of IgG antibodies (Abs) against the Receptor Binding 
Domain (RBD) of the virus spike surface glycoprotein and neutralizing 
antibodies (NT) anti-SARS-CoV-2 that block the interaction between 
RBD and the surface receptor cellular angiotensin converting enzyme 
(ACE2), in the serum of individuals after the first and second dose of 
vaccine, respectively. 

Workers from the University of Rome “Tor Vergata” received the 
Astra Zeneca vaccine; while healthcare workers of the University Hos
pital received the Pfizer-BioNTech vaccine. The study was approved by 
Ethical Committee of the “Tor Vergata” University Hospital of Rome 
(protocol no. R.S.44.20). Informed consent was obtained from all the
subject enrolled in the study. The study was conducted in accordance 
with the Helsinki Declaration, as revised in 2013. 

A total of 105 persons were monitored (60 received Astrazeneca 

vaccine and 45 received Pfizer vaccine). In the Astrazeneca group, 
serum samples were collected at 21, 35, 50, 80 and 110 days after the 
first dose of vaccine, while in the Pfizer group serum was collected at 21 
days after the first dose and at 35, 50, 80, and 110 days after the second 
dose. Measuring the level of the neutralizing and anti-RBD antibodies 
concentrations in the two groups of workers, we identified three sub
groups of individuals who presented three different average antibody 
concentrations in the blood. The subgroup of individuals who experi
enced a natural infection before vaccination (group 2) had the highest 
antibodies concentration, while those not infected had the lowest anti
bodies concentration (group 1); in the middle, a third subgroup (group 
3) whose antibodies level was comprised between the two and that 
represents 5% of the people enrolled in the study (Fig. 1,). In this latter 
subgroup, those who received the Astrazeneca vaccine, had a level of 
anti-RBD and neutralizing antibodies comparable to that of the infected 
vaccinated people and one order of magnitude higher than uninfected 
vaccinated people. A similar behavior was observed among those who 
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Fig. 1. Antibody concentration versus time, trend of the anti-RBD (left panels) and neutralizing (right panels), measured after Astrazeneca/Vaxzevria (upper panels) 
and Pfizer-Biontech/Comirnaty (lower panels) vaccine. The lines represent the trend obtained for subgroup not infected (squares), for who experienced the natural 
infection before vaccination (dots) and for who acquired an asymptomatic infection (triangles). 
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received the Pfizer vaccine, being in this case the absolute values of 
antibodies recorded higher and closer to the infected vaccinated people 
(Figure ,2). 

The normality of whole data was determined by Shapiro-Wilk test. 
Data resulted distributed not normally, so they were represented by 
median and percentiles. The variables were compared through non- 
parametric Kruskal-Wallis test. The statistical significance level estab
lished for all test performed was p < 0.05. Statistical analyses were 
performed using MedCalc Ver.18.2.18 (MedCalc software Ltd, Ostend, 
Belgium). 

Analyzing data with a Kruskal-Wallis test for vaccinated with 
Astrazeneca the median of each subgroup resulted significantly 
different, for vaccinated with Pfizer-BioNtech the subgroup of non- 
infected (group 1) resulted lower and statistically different from those 
naturally infected (group 2) and from the third subgroup (group 3), 

while group 2 and group 3 resulted overlapped (Fig. 2). 
Based on these data, it can be envisaged that persons in the third 

subgroup likely acquired the SARS-CoV-2 infection in an asymptomatic 
way. Actually, the data reported in Fig. 2 suggest that people who pre
viously had COVID-19 may develop a strong immune response after only 
one dose of the vaccine. 

To support this hypothesis, we tested immunoglobulins anti- 
Nucleocapside (anti-N) that are present only after native exposure to 
the virus. We found that naturally and asymptomatic native infected 
persons resulted positive to the test while those not infected were 
negative (Table 1). 

The level of Abs measured before vaccination in people who were 
previously infected by the virus was similar to that seen in uninfected 
people after their first shot. Recent studies confirm this observation [6]. 
Overall, several studies report that subjects previously infected with 
SARS-CoV-2 had higher levels of antibodies at different time points after 
the first dose of vaccine respect to uninfected people after the first dose. 
It appears that a single booster dose given to previously infected in
dividuals offers the same benefit as two doses given to people without 
prior infection [7]. Furthermore, a recent study reports that people who 
have recovered from COVID-19 had a robust antibody response after the 
first mRNA vaccine dose, but little immune benefit after the second dose 
[8]. This finding suggests that only a single vaccine dose may be needed 
to produce a sufficient antibody response in these individuals. On the 
contrary, those who did not have COVID-19 did not show a full immune 
response until they receive the second vaccine dose; reinforcing the 
importance of completing the two recommended doses for achieving 
strong levels of immunity [9]. 

Fig. 2. Values concentration of the anti-RBD (left panels) and neutralizing (right panels) antibodies, measured after Astrazeneca/Vaxzevria (upper panels) and 
Pfizer-Biontech/Comirnaty (lower panels) vaccine. The three symbols represent the median values obtained from data recorded in a period of 4 months for subgroup 
not infected (squares), those who experienced the natural infection before vaccination (dots), those who acquired an asymptomatic infection (triangles). Error bars 
represent the 25th and the 75th percentile. 

Table 1 
Detection of immunoglobulins anti-N in the three subgroups of patients. Values 
have been calculated by average and standard deviation.    

Ig anti-N Results 

Pfizer- BioNTech Covid 152 ± 39 Positive  
Asymptomatic 3.89 ± 0.73 Positive  
No Covid 0.107 ± 0.05 Negative 

Astrazeneca Covid 189 ± 42 Positive  
Asymptomatic 4.54 ± 0.69 Positive  
No Covid 0.087 ± 0.06 Negative 

Negative < 1. 
Positive > 1. 
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To prevent and control COVID-19 an in-depth understanding of the 
immunopathology of SARS-CoV-2 is essential. One important issue is the 
antibody-dependent enhancement (ADE) that can occur when preex
isting, non-neutralizing or poorly neutralizing antibodies increase the 
subsequent viral entry into cells thereby intensifying the infection. 

ADE is exploited by a variety of viruses. Forms of complement- 
mediated ADE have been described in a number of virus-cell systems 
including human immunodeficiency virus-1 (HIV-1), and has also been 
linked to viral pathogenesis, immunosuppression and disease [10]. The 
massive release of inflammatory and vasoactive mediators contributes 
to disease severity [11]. Studies on SARS-CoV inactivated vaccine 
showed that it could induce ADE and lung pathology in experimental 
rhesus monkeys, and this phenomenon occurred via anti-spike protein 
antibodies, but not via anti-N protein antibodies [12]. 

3. Conclusion 

This study provides some insights on the underlying immunobiology 
of vaccines, which could help shape future vaccine strategies. Additional 
research needs to be done before this strategy could be deployed in the 
general population. Larger-scale studies are necessary to figure out 
whether one- or two-dose regimen in COVID-19-recovered individuals 
are required and to verify how long the vaccine induced antibodies last. 
If one dose of vaccine is sufficient for recovered COVID-19 patients, we 
could destine the spared doses to other people. Serological investigation 
right after the first dose of vaccine could be a useful tool to identify 
asymptomatic infected people and avoid the administration of a second 
dose not necessary but detrimental in some circumstances. 

With a fast-moving pandemic, no one is safe, unless everyone is safe. 
The solidarity of all countries will be essential to ensure equitable 

access to COVID19 health products. 
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