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ABSTRACT 
 
Background. COVID-19 has hit every country in the world. Almost a quarter of a billion 
cases and nearly 5 million deaths reported globally as of late September 2021. Compared 
to over 6 billion doses of COVID-19 vaccine administered, the pandemic does not seem 
to disappear. The duration of protective immunity is currently not defined. Primary 
immune responses are inevitably declining and the continuous transmission of 
increasingly worrying viral variants. Objective. The primary objective of the study is to 
evaluate the antibody response at 120 and 180 days in employees of an hospital of Marche 
(Italy) who have completed the vaccination cycle with Pzifer-Biontech vaccine and to 
highlight the correlation with quantitative and qualitative variables. The secondary 
objective is to study the nature and frequency of adverse events in relation to variables 
such as comorbidity, age, gender, working areas and developed antibody titer. Materials 
and Methods. An observational retrospective study was carried out to evaluate the 
antibody response at 120 and 180 days. Subjects receiving a double dose of vaccine at least 
21 days apart and those receiving the second dose of the same vaccine between 18 January 
2021 and 31 March 2021 shall be considered. The study included non-probability 
sampling of convenience. All parties have provided informed written consent to access 
personal and clinical data. Results. The sample is composed by 1.115 subjects. The results 
of the study reveal an important immune response detected by IgG dosage, both at 120 
and 180 days after the second dose of Sars-Cov-2 vaccine mRNA BNT162b2 vaccine 
(Pzifer-Biontech), other than very rare exceptions. Antibody values are higher among 
hospital workers compared to those working in other areas, both 120 and 180 days. These 
values are even higher in the health professionals who provide assistance in wards with 
positive Covid patients, both at 120 days (p=0.06) and at 180 days; the mean values of 
IgG are statistically higher in direct assistance of Covid patients at 180 days(p=0.029). The 
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most frequent adverse drug events after the second dose of vaccine were pain at the site of 
inoculation of the vaccine (70.7%), fatigue (35%) and arthralgia (19%). It was finally 
shown that people with diabetes or smokers had an average antibody response statistically 
lower than 120 days and 180 days from the second dose. Discussion and conclusion. This 
study leads to the conclusion that the second dose of vaccine Sars-Cov-2 vaccine mRNA 
BNT162b2 vaccine allows a consistent antibody response.  Further multicentric studies 
are needed to investigate the antibody response to vaccination Sars-Cov-2 mRNA 
BNT162b2. 

ABSTRACT  
Background. Il Covid-19 ha colpito ogni paese del mondo. Alla fine di settembre 2021 
sono stati segnalati quasi un quarto di un miliardo di casi e quasi 5 milioni di morti. A 
fronte di oltre 6 miliardi di dosi di vaccino COVID-19 somministrate, la pandemia non 
sembra scomparire. La durata dell'immunità protettiva non è attualmente definita. Le 
risposte immunitarie primarie sono inevitabilmente in declino e la trasmissione continua 
di varianti virali risultano essere sempre più preoccupanti. Obiettivo. L'obiettivo primario 
dello studio è valutare la risposta anticorpale a 120 e 180 giorni nei dipendenti di un 
ospedale marchigiano (Italia) che hanno completato il ciclo di vaccinazione con vaccino 
Pzifer-Biontech ed evidenziare la correlazione con variabili quantitative e qualitative. 
L'obiettivo secondario è studiare la natura e la frequenza degli eventi avversi in relazione a 
variabili quali comorbidità, età, genere, aree di lavoro e titolo anticorpale sviluppato. 
Materiali e metodi. È stato condotto uno studio osservazionale retrospettivo al fine di 
valutare la risposta dell'anticorpo ai 120 e 180 giorni. Sono presi in considerazione i 
soggetti che ricevono una doppia dose di vaccino a distanza di almeno 21 giorni e quelli 
che ricevono la seconda dose dello stesso vaccino tra il 18 gennaio 2021 e il 31 marzo 
2021. Lo studio ha incluso il campionamento non probabilistico di convenienza. Tutte le 
parti hanno fornito il consenso scritto informato per accedere ai dati personali e clinici. 
Risultati. Il campione è composto da 1.115 soggetti. I risultati dello studio rivelano 
un'importante risposta immunitaria ottenuta dal dosaggio IgG, sia a 120 che 180 giorni 
dopo la seconda dose del vaccino Sars-Cov-2 mRNA BNT162b2 (Pzifer-Biontech), salvo 
rare eccezioni. I valori degli anticorpi sono più alti tra i professionisti sanitari ospedalieri 
rispetto a quelli che lavorano in altre aree, sia 120 e 180 giorni. Questi valori sono ancora 
più elevati nei professionisti sanitari che forniscono assistenza nei reparti con pazienti 
Covid positivi, sia a 120 giorni (p=0,06) che a 180 giorni; i valori medi di IgG sono 
statisticamente più alti nell'assistenza diretta dei pazienti Covid a 180 giorni (p=0,029). 
Gli eventi avversi più frequenti dopo la seconda dose di vaccino sono stati dolore al sito 
di inoculazione del vaccino (70,7%), affaticamento (35%) e artralgia (19%). È stato infine 
dimostrato che le persone con diabete o fumatori avevano una risposta anticorpale media 
statisticamente inferiore a 120 giorni e 180 giorni dalla seconda dose. Discussione e 
conclusione. Questo studio porta alla conclusione che la seconda dose di vaccino Sars-
Cov-2 vaccino mRNA BNT162b2 vaccino permette una risposta anticorpale consistente.  
Ulteriori studi multicentrici sono necessari per studiare la risposta anticorpale alla 
vaccinazione Sars-Cov-2 mRNA BNT162b2. 
 
Parole chiave: COVID-19, vaccino, anticorpo, reazioni avverse 
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INTRODUCTION 
Covid-19 has affected millions of people globally1 since it was declared a pandemic by the 
World Health Organization on 11 March 20202. Elderly people with chronic diseases and 
Healthcare Professionals are at higher risk for Covid-19 and its complications. Recent data 
show increasing rates of Covid-19 respiratory syndrome in other populations, including 
young adults3. Safe and effective prophylaxis was necessary for the pandemic, which had 
devastating medical, economic and social consequences4. Infection caused by the New 
Coronavirus SARS-CoV-2 represents one of the main medical and scientific challenges of 
our time. The knowledge of the mechanisms associated with the immune response against 
SARS-CoV-2 is growing exponentially, as it is essential to perfect the correct diagnostic 
and therapeutic strategies, as well as preventive ones5. SARS-CoV-2 spike glycoprotein-
based vaccines are first used globally to control transmission and limit COVID-19 
morbidity and mortality. Current evidence indicates strong immunogenicity and high 
short-term efficacy for BNT162b2 (Pfizer– BioNTech) and ChAdOx1 nCoV-19 (Oxford – 
AstraZeneca)6,7,8. Both vaccines are delivered via a prime boost strategy, and many 
countries, including Italy, have used longer intervals of 3-4 weeks. The immune response 
to SARS-CoV-2 involves both cell-mediated immunity and the production of response 
through the mediation of two types of cells: T lymphocytes, responsible for the cellular 
response to the virus, and B lymphocytes, responsible for the production of antibodies. In 
both cases, following the infection, specific memory cells are created that are able to be 
activated in the event of a subsequent encounter with the same virus5. 
After the infection, the antibody response directed against SARS-CoV-2 is directed to 
many of its proteins, including structural and non-structural antigens. Two structural 
proteins were used as target antigens for serological tests: the first is the nuclear protein 
(NP), which is found within the virus or inside infected cells, the second is the structural 
spike protein. It is known from other coronaviruses - and also applies to SARS-CoV-2 - 
that the spike protein is the primary, and only, target of IgG neutralizing antibodies 9. 
To prevent the epidemic, the Ministry of Health has started a vaccination campaign 
whose results and indications are continuously updated by scientific evidence. 
Data from a database of 30,082 subjects undergoing serological screening demonstrate 
that the vast majority of COVID-19 infected individuals with mild / moderate symptoms 
experience robust IgG-type antibody responses directed against the spike protein. The 
same data demonstrate that antibody titers are relatively stable over a period of at least 5 
months, that such antibodies significantly correlate with virus neutralization and that over 
90% of serum converted subjects produce a detectable neutralizing antibody response 
10,11,12. 
Immunity to SARS-CoV-2 induced by natural infection or vaccination has been shown to 
offer a degree of protection against reinfection and / or reduce the risk of clinically 
significant outcomes13,14,15. It has been estimated that cured serum-positive individuals 
have 89% protection from reinfection16 and has been reported vaccine efficacy from 50 
to 95%17.  
However, the duration of protective immunity is currently unclear, primary immune 
responses are inevitably waning18, 19,20 and there is ongoing transmission of 
increasingly worrying viral variants that can get out of control from both induced 
immune responses from the vaccine and from those convalescing21. 
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The study's primary objective is to evaluate the antibody response at 120 and 180 days in 
the employees of the Area Vasta 4 of Fermo (AV4) who have completed the vaccination 
cycle with SARS-CoV-2 mRNA BNT162b2 (Pzifer-Biontech) and to highlight the 
correlation with quantitative and qualitative variables.  
Furthermore, it is proposed to investigate the nature and frequency of adverse events in 
relation to variables such as comorbidities, age, sex, work areas and developed antibody 
titer. 

MATERIALS AND METHOD 
A retrospective observational study was conducted to assess the antibody response at 120 
and 180 days in the employees of the Area Vasta 4 of Fermo (AV4) after the completion of 
the vaccination cycle with SARS-CoV-2 mRNA BNT162b2 (Comirnaty®), produced by 
Pfizer-BioNTech®. 
The target population is represented by all employees, hospital and extra-hospital.  
Subjects receiving double dose of vaccine at least 21 days apart and those who received the 
second dose of the same vaccine between 18 January 2021 and 31 March 2021 are 
considered.  
The serological assessment was carried out between 25 May 2021 and 10 October 2021, by 
dosing the IgG, after obtaining informed consent.  
Participation in the study was voluntary and the confidentiality of the participants and 
their personal data has been guaranteed.  
The study was conducted according to the Declaration of Helsinki and current legislation. 
The Ethics Committee of Marche Region does not require formal approval for 
observational studies that do not involve the use of drugs. All subjects provided written 
informed consent to access personal and clinical data. 
  
Data source 
A questionnaire for post-vaccination clinical monitoring, aimed at the collection of 
demographic, occupational and anamnestic data was administered on the day of the first 
sampling.  
The questionnaire was developed by a multidisciplinary team of researchers, formed by 
infectiologists, healthcare-associated infection (HCAI) experts, an epidemiologist and a 
laboratory technician.  
Information on age, gender, body mass index (BMI), cigarette smoking habits and 
comorbidities (obesity, bronchial asthma, chronic obstructive pulmonary disease or 
COPD, arterial hypertension, ischemic hearth disease, diabetes mellitus, autoimmune 
diseases, solid or hematopoietic and lymphatic neoplasms, chronic liver diseases or other 
pathologies) have been collected.  
Lastly, information was obtained on the pre-vaccination serological status and 
vaccination: type, data and number of vaccine doses received; reported adverse effects 
after the first and second dose of vaccine (arthralgia, myalgia, fatigue, fever with 
temperature ≥38°C, chills, headache, nausea, pain, erythema or edema in the injected 
site, lymphadenopathy, other adverse effects).  
Employees were then stratified according to the work environment in “frontline workers”  
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(FWs) and not FWs (direct assistance to patients with COVID-19 or not), on the basis of 
the usual professional or work activity (hospital, basic health district ant other work areas), 
by department and by role played.  
The test used chemiluminescence immunoassay (CLIA) technology for the quantitative 
determination of specific IgG antibodies, directed against SARS-CoV-2 trimeric spike 
protein in samples of human serum or plasma.  
The reaction of chemiluminescence, in the presence of the IgG, produces a light signal, 
and thus the amount of conjugate is measured by a photomultiplier in relative light units 
(RLU) and is indicative of anti-SARS CoV-2 antibodies present in the samples.  
The assigned concentration of the International Standard is an arbitrary unit of 1,000 
binding antibody units (BAU) for milliliter. Patient outcomes are interpreted as negative 
when they have values <13.0 BAU/ml. 

Statistical analyses 
Continuous data were presented as the mean ± standard deviation or the median and 
interquartile range, whereas categorical data were presented as the frequency and 
percentage.  
Comparisons were made using Student’s t-test or the chi-squared test, when appropriate. 
The variance was tested using Welch test. Fisher’s exact test was also used for expected 
frequencies less than five. Correlation between IgG values and risk factors (diabetes, 
smoke), adverse events or working area of health professionals were tested using Pearson 
correlation. 
The following programmes were used for data processing and statistical analysis:  
• “The jamovi project (2021).jamovi. (Version 2.0) (Computer Software). Retrieved from 

https://www.jamovi.org.  
• R Core Team (2021). R: A Language and environment for statistical computing 

(Version 4.0) (Computer softwarel). Retrieved from https://cran.r-project.org (R 
packages retrieved from MRAN snapshot 2021-04-01). 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 
Statement guidelines for reporting observational studies were also followed for 
conducting and reporting this study 

RESULTS  
The sample is composed by 1.115 subjects, of which 770 women (69.1%) and 345 men 
(30.9%). 
The mean age of the sample is 48.1(±10.3) years; the mean weight is 68.7(±13.8), the 
mean height is 168(±8.88) cm and the mean of BMI is 24.4(±3.94). These descriptive data 
are given in the Table 1.  
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*ni: absolute frequency;  
**%fi: percentage frequency; 
***age groups (years): 20-30; 31-40; 41-50;51-60; 61+. 
Table 1. Descriptive statistics of the sample 

  
The 51-60 age group is the largest of the sample; it represents the 36.1% of the sample 
studied. 
The subjects studied who declare themselves to be smokers represent 23.8% of the 
sample, and 33.4% of them said they had comorbidities.  
The comorbidities most frequently reported by 372 subjects (33.4%) are:  
- Hypertension: 153 people (41.1%) 
- Autoimmune diseases: 68 people (18.3%) 
- Bronchial asthma: 50 people (13.4%) 
- Diabetes: 41 people (11%) 
The working areas of the sample components are divided as reported in the Table 2. The 
most representative areas are services (22.4%), medical area (19.6) and others: 
administrative area (12.4%) and surgical area (11.2%). 
 

**** Fi (%): cumulate relative frequency 
Table 2. Working areas of the sample components 
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Table 3. Frequencies of the professional roles 

The professional roles most represented in the sample are nurses 508 (45.6%), physicians 
207 (18.6%), technicians 129 (11.6%), administrative personnel 122 (10.9%) and social 
workers 69 (6.2%). The Table 3 describes the frequencies of the professional roles.  
The health workers of the sample who worked in Covid departments were 292 (26.2%).  
The positive cases of Covid-19, before the first dose of vaccine, were 92 (8.3%) of the 
sample.  
Dose values of IgG at 120 days have an average value of 906(±572) BAU/ml. The 
maximum value is 2080 BAU/ml, while the lowest value is 4 BAU/ml. This last value was 
detected in a single person, confirming the lack of antibody response at 120 days (Table 
9).  The mean immune response at 180 day is therefore reduced by 31.8% compared to 
the values of the response at 120 days.  
  
  

Table 4. Descriptive analysis of antibody titres 

Antibody values are higher among hospital workers compared to those working in other 
areas, both 120 and 180 days; the mean values of the IgG of the hospital workers are 954  
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BAU/ml (±627) at 120 days and they are 666 BAU/ml at 180 days (±572); on the other 
hand the operators of the other areas have a lower antibody (Table 5). 
 

Table 5. Antibody values based on the working area 

These values are even higher in the health professionals who provide assistance in wards 
with positive Covid patients, both at 120 days (p=0.06) and at 180 days; the mean values 
of IgG are statistically higher in direct assistance of Covid patients at 180 days(p=0.029). 
The average of IgG at 120 days is 969 BAU/ml (±624), the average at 180 days is 680 
BAU/ml (±581). These results are represented in Table 6. 
  
  

Table 6. IgG values in relation to the assistance with positive Covid patients 

After the first dose, it appears that 779 (69.9%) of the entire sample were affected by 
adverse events.  
The most frequent adverse events were: 
1. Pain at the site of inoculation of the vaccine:660 (84.7%) 
2. Fatigue: 155 (19.9%) 
3. Arthralgia: 148 (19%) 
4. Myalgia and headache: 113 (14.5%) 
5. Chills: 82 (10.5%) 
6. Temperature increase >38°C: 32 (4.1%) 
 
The average duration of the adverse events varies from 1.3 days for the increase in body 
temperature >38, up to 5.5 days for lymphadenopathy.  
The second dose was not practiced by 29 operators because they suffer from Covid 
between the first dose and the expected period for the second dose.  
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Health professionals who reported adverse events after the second dose were 811/1086 
(74.7%). 140 health workers (17%) of those who had adverse events after the second dose, 
had not had any after the first dose.  
The most frequent adverse events after the second dose of vaccine were:  
1. Pain at the site of inoculation of the vaccine:573 (70.7%) 
2. Fatigue: 284 (35%) 
3. Arthralgia: 262 (32.3%) 
4. Chills: 217 (26.8%) 
5. Myalgia: 215 (26.5%) 
6. Temperature increase >38°C: 150 (18.5%) 
The duration of adverse events ranges from 1.5 days for fatigue to 5.8 days for 
lymphadenopathy. 
Comparing the values of the IgG among the workers who had declared to have 
comorbidities with those suffering from diabetes, the latter had average antibody response 
statistically lower than 120 days (624 BAU/ml against 905 BAU/ml; p<0.001). The results 
are represented in the Table 12.  
Smokers had an average antibody response lower than no smokers both at 120 days (787 
BAU/ml against 949 BAU/ml; p<0.001) and at 180 days from the second dose (493 
BAU/ml against 657 BAU/ml; p<0.001).  
The subjects, who had Covid before the first dose of the vaccine (Table 7), have developed 
antibody reactions exceeding both at 120 and at 180 days (p<0.001).  
 

Table 7. Comparison between operators immune response without diabetes and with diabetes at 120 days, smokers and 
no smokers at 120 and 180 days; IgG at 120 and 180 days in subject who have contracted Covid-19 before the first 
dose of vaccine.  

There is a correlation (Table 8) between age and IgG values: the dosage of IgG decreases 
with increasing age (p<0.001).  
There is a correlation between lymphadenopathy and the age croup of 41-50 (55.2%). 
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Table 8. Correlation between lymphadenopathy and age 

 
There is a correlation between exposure values and temperature > 38°C (at 120 days: 
p=0.01; at 180 days: p<0.001), chills (at 180 days: p=0.032), arthralgia (at 120 days: 
p<0.001; at 180 days: p=0.007), myalgia (at 120 days: p=0.003; at 180 days: p=0.024) and 
headache (at 120 days:0.038).  
The results are reported in the Table 9.  

Table 9. Correlation between IgG values and adverse events 

The correlation between IgG dosage and "Work Area" is statistically significant (Table 10). 
Health professionals working in the medical area, in integrated home care and in services 
at 120 days (p=0.006) and in medical area, in emergency and in surgery at 180 days 
(p<0.001), have a higher immune response against Covid-19 compared to those who work  
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in other areas. 
  
  
  
  
  
  
  

  
 Table 10. Descriptive analysis of the work area of health professionals 

DISCUSSION  
The results of the study reveal an important immune response detected by IgG dosage, 
both at 120 and 180 days after the second dose of Sars-Cov-2 vaccine mRNA BNT162b2 
vaccine (Pzifer-Biontech), other than very rare exceptions.  
Important correlations occurred at both 120 and 180 days from the second dose of 
vaccine between the IgG values and:  
a) Work area. The health professionals working in hospitals had average levels higher 

than those working in other non-hospital areas.  
b) Direct assistance to positive Covid-19 patients. Healthcare professionals who have 

provided care to Covid-19, have higher IgG values than those who have not been in 
contact with positive Covid-19 patients.  

c) Diabetes. Diabetics had a lower immune response at 120 days, even 30% compared to 
those who are not diabetic.  

d) Cigarette smoking. Smokers have a lower antibody response than non-smokers.  
e) Previous Covid-19 infection. Subjects who had become infected before the first dose 

of the vaccine, have a double or triple antibody response compared to those who 
where not infected.  

f) Age. As age increases, the immune response is reduced.  
With regard to adverse events, these occur in more than 2/3 of the sample; the most 
frequent of these are pain at the site of inoculation of the vaccine, fatigue, arthralgia, 
myalgia and headache. These adverse events rarely lasted more than a week.  

Limitations 
Important limitation of the study is due to the fact that the study considered a non-
probability convenience sample. This implies possible selection bias.  
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CONCLUSIONS 
This study leads to the conclusion that the second dose of vaccine Sars-Cov-2 vaccine 
mRNA BNT162b2 vaccine allows a consistent antibody response.  In particular, the 
health professionals working in hospitals had average levels higher than those working in 
other non-hospital areas. In addition, healthcare professionals who have provided care to 
Covid-19, have higher IgG values than those who have not been in contact with positive 
Covid-19 patients. Diabetics had a lower immune response at 120 days, even 30% 
compared to those who are not diabetic, and smokers have a lower antibody response 
than non-smokers. Subjects who had become infected before the first dose of the vaccine, 
have a double or triple antibody response compared to those who were not infected. It 
also appears that as age increases, the immune response is reduced.  
Lastly, several adverse events have been reported (such as fatigue, arthralgia, myalgia and 
headache), but rarely had a duration greater than a week.  
Further multicentric studies are needed to investigate the antibody response to 
vaccination Sars-Cov-2 mRNA BNT162b2 and additional generalizable results to the 
general population.  
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