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Abstract

:

Background: The SARS-CoV-2 vaccination campaign began on 27 December 2020 in Europe, primarily involving health workers. This study aimed to assess the SARS-CoV-2 vaccination effectiveness, as assessed by reductions in incidence, symptom severity, and further infection spreading. Methods: A retrospective cohort study was conducted on 9811 health workers operating at the Verona University Hospital, Italy, from 27 December 2020 to 3 May 2021. All health workers were offered vaccination with Comirnaty (BNT162b2, BioNTech/Pfizer, Mainz, Germany/New York, United States), and a health surveillance program was implemented with periodical swab testing. Vaccination status and clinical data were collected using an ad hoc semi-structured questionnaire and health surveillance charts. Results: As of 3rd of May, 82.5% of health workers had been vaccinated against SAR-CoV-2, and 177 (1.8%) had tested positive for SARS-CoV-2. Vaccination more than halved the cumulative incidence of SARS-CoV-2 infection and reduced by two-thirds the cumulative incidence of symptomatic subjects. In detail, most unvaccinated HWs were symptomatic; 50% reported fever, 45% reported ageusia/anosmia, and nearly 20% reported dyspnea. These percentages were much lower in HWs who had been vaccinated for at least 14 days (18% for fever and anosmia, 6% for dyspnea and ageusia). Moreover, cases of vaccine breakthrough were sixfold less likely to further spread the infection than unvaccinated HWs. Conclusions: SARS-CoV-2 vaccination reduced the infection frequency among HWs, further spreading of the infection, and the presence, severity, and duration of COVID-19-related symptoms.
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1. Introduction


Since the onset of SARS-CoV-2 in December 2019 in Wuhan (China), many countries have experienced multiple waves of outbreaks of this virus. As of 16 January 2022, almost 319 million cases have been diagnosed worldwide; over 5,500,000 were fatal [1,2]. Italy was one of the first affected countries, with more than 5 million confirmed cases and about 138,000 deaths caused by the infection [3,4]. Health workers (HWs) are the category most exposed to infection; since February 2020, about 150,000 cases have been diagnosed among Italian health workers, with over 9000 hospital admissions [4].



Since the pandemic’s beginning, an enormous effort to reduce the pandemic’s impact has involved the entire scientific community. Until 2020, containment measures against SARS-CoV-2 diffusion mostly included hand hygiene, respiratory hygiene, self-isolation, and social distancing. At the end of 2020, the first vaccine was already made available, and as of December 27th 2020, many SARS-CoV-2 vaccination campaigns had begun, especially in developed countries [5]. Priority in vaccine distribution was given to the populations at higher risk of exposure, such as HWs, who were both victims and spreaders of the virus. In this context, protecting HWs from COVID-19 is also pivotal in preserving and safeguarding healthcare systems [6].



As of 16 January 2022, more than 8 billion doses of the vaccine have been administered worldwide, including first and second doses [2]. More than 88% of the population over the age of 12 has already received at least one dose of vaccine in Italy, and 96% of the vaccinated subjects have completed the vaccination course [7]. Despite the good vaccine coverage (consistent with that in other European countries), specific segments of the population remain hesitant toward the vaccine even in the presence of chronic conditions [8].



The vaccination efficacy and effectiveness represent critical points in the fight against the pandemic [9]. The outcome of SARS-CoV-2 infection in individuals is heterogeneous and related to several variables, including age, sex, and pre-existing morbidity, so specific endpoints must be defined to evaluate it properly, and all determinants should be considered [10].



The transmission dynamics of SARS-CoV-2 represent a relevant aspect, particularly regarding what proportion of coronavirus disease 2019 (COVID-19) spread is associated with the transmission of infection from presymptomatic or asymptomatic persons [11]. Several population clusters where patients acquired SARS-CoV-2 from infected sources without symptoms have been described [12], supporting the role of multiple measures of control, such as mask-wearing, social distancing, and strategic testing to control SARS-CoV-2 diffusion, in addition to vaccine administration [11]. Moreover, the power of a vaccine to protect against severe disease and mortality is a crucial endpoint. Data on vaccination effectiveness in real-world settings, assessing the reduction in SARS-CoV-2 infections, hospitalizations, and deaths caused by COVID-19, are now available [13].



Another aspect of this pandemic regards both reinfections and infections among vaccinated subjects. While, on the one hand, the pandemic growth curve has been significantly reduced, on the other hand, in various health contexts worldwide, cases of reinfection have been detected in subjects previously positive for SARS-CoV-2, along with cases of infection diagnosed in vaccinated subjects (conventionally called “vaccine breakthrough”) [14,15,16,17].



This issue is also related to SARS-CoV-2 variants spreading worldwide, with likely increased transmissibility and virulence and possibly lesser vaccine protection response. According to Fiolet et al. [18], overall, the efficacy of vaccines could be reduced for Delta infection, but they still offer a high level of protection against severe COVID-19 and hospitalization for all variants after full immunization. However, on this aspect, the available research is not entirely consistent. The reaction of vaccinated and unvaccinated subjects towards virus variants differs across the several studies conducted in different parts of the world [19]. Lastly, on November 26, 2021, the World Health Organization announced a new SARS-CoV-2 variant, Omicron (B.1.1.529); this the most mutated SARS-CoV-2 variant so far, characterized by rapid spread in the community with higher levels of incidence than previously seen in this pandemic but a lower risk of severe disease and death [20,21,22].



As reported above, health workers are a high-risk population for SARS-CoV-2 infection, and they were among the first to be vaccinated. For this reason, several studies on the effectiveness of vaccinations in this group of workers are becoming available. Two studies conducted on health workers in Israeli hospitals, where the vaccination campaign began a week earlier than in Italy, showed a significant decrease in the incidence of new cases among vaccinated subjects. The reduction was evident as early as the second week after the first dose. The protection was maintained throughout the 8-week observation period [23,24]. A study carried out in an Italian healthcare context showed that healthcare workers who had completed the full vaccination course were at lower risk of infection (by 2.4-fold) than those vaccinated with only one dose or none [25]. Bergwerk et al. reported that among fully vaccinated health care workers, the rate of SARS-CoV-2 breakthrough was correlated with neutralizing antibody titers, and most of them were mild or asymptomatic, although persistent symptoms did occur [26]. According to Alishaq et al., the presence of symptoms and contact with confirmed cases lead to a higher risk of infection after vaccination among healthcare workers; this shows that screening, even after full vaccination, should prioritize these groups. The authors highlighted that comorbidities were not associated with a higher risk of breakthrough infection in their research. In comparison, multiple comorbidities have been reported to be associated with a higher risk of SARS-CoV-2 infection among unvaccinated persons. The reasons for this disagreement are still unclear [27]. In an effectiveness study, Chodick et al. found that the BNT162b2 mRNA vaccine was associated with a 51% reduced risk of SARS-CoV-2 infection, with 54% vaccine effectiveness against symptomatic infection from 13 to 24 days after immunization with the first dose of BNT162b2 [28]. Scobie et al. reported the incidence rate ratio for cases among subjects who were not fully vaccinated, compared with those among fully vaccinated persons; the ratio decreased from 11.1 to 4.6 between periods where the Delta variant’s prevalence was low to high [29].



The present study aimed at investigating the association between SARS-CoV-2 vaccination status and SARS-CoV-2 infection incidence, spread, and COVID-19 symptom severity among HWs of a large university hospital in the Veneto Region, Italy.




2. Subjects and Methods


2.1. Study Design, Setting, and Population


A retrospective cohort study was conducted within an HW surveillance project framework to assess SARS-CoV-2 vaccination effectiveness among 9811 HWs operating at the University Hospital of Verona, Italy [30,31], one of Italy’s largest hospitals in terms of bed number (about 1500 beds).



Enrollment started on 27 December 2020 and was completed on 3 May 2021. Each subject was followed up to 3 May or the first positive RT-PCR result.



For data analysis, the working population was grouped into three categories based on job tasks, i.e., administrative, physician (including resident), or nurse and other health professionals (also including medical students and students of medical-related professions).




2.2. Vaccine Administration


All HWs were offered vaccination with Comirnaty (BNT162b2, BioNTech/Pfizer, Mainz, Germany/New York, NY, United States), after an assessment of possible contraindications and precautions. The dosing schedule for the BNT162b2 vaccine was a 2-dose series administered 21 days apart [32]. All vaccine recipients were observed for 15–30 min to manage immediate adverse reactions promptly [33]. Vaccination status was ascertained from the employee’s health database.



HWs could pass through three different statuses during the follow-up, according to vaccination history: “Group A” if they had not received any dose of vaccine yet (unvaccinated) or had been administered the 1st dose less than 14 days prior; “Group B” from the 14th day after the 1st dose until the 13th day after the 2nd dose; and “Group C” (fully vaccinated) from the 14th day after the 2nd dose to 3rd May 2020 [34,35]. Hence, an HW receiving the two doses of vaccine passed through all three statuses, while an HW refusing vaccination remained in Group A.




2.3. SARS-CoV-2 Health Surveillance


According to national and loco-regional regulations [36], health surveillance through RT-PCR testing was implemented every 8 days or every 20 days based on the exposure risk definition and regardless of vaccination status. In particular, the risk of exposure to SARS-CoV-2 was classified as high (for persons working in the emergency department, dedicated COVID-19 units, and all units caring for fragile patients) or low (for other population subgroups). This approach enabled monitoring of the spread of the infection, even among vaccinated subjects. Although the test was not mandatory, acceptance was over 98%, regardless of vaccination status.




2.4. Symptom Definition and Data Collection of Clinical Infection


The positive subjects (HWs with at least one positive RT-PCR test) were interviewed using an ad hoc semi-structured questionnaire to investigate: adverse drug reactions, possible reinfection, presence or absence of symptoms, any contact with positive cases post-vaccination, and spreading.



Participants infected by SARS-CoV-2 were defined as symptomatic if they had any of the following: temperature greater than 37.6 °C (fever), headache, sore throat, cough, dyspnoea, rhinorrhoea, myalgia/malaise, or loss of sense of taste or smell.



The questionnaire outline is available as Supplementary Material Table S1.




2.5. Pre-Existing Medical Conditions


For 163 positive HWs (92%), the health surveillance chart review acquired baseline clinical status with occupational physician support. The following pre-existing medical conditions (PMCs) were considered: cardiovascular diseases (e.g., hypertension, cardiac arrhythmia, cardiac ischemia), respiratory diseases, allergies, diabetes, neoplasms diagnosed in the last five years, autoimmune diseases, haematological diseases, neurological diseases, and acquired immunosuppression.




2.6. Outcomes and Endpoints


The primary outcome included vaccine effectiveness, investigated by examining the SARS-CoV-2 infection incidence and its spreading and symptoms.



The incidence of infection was calculated considering new positive SARS-CoV-2 infection cases (as above defined) diagnosed from 27 December 2020 to 3 May 2021, distinguishing Group A, Group B, and Group C, as above described.



Disease severity was evaluated based on symptom presence or absence (symptomatic, asymptomatic), their duration (1–3 days, 3–7 days, >7 days), and need of hospitalization. The influence of vaccination status and PMCs on the outcomes of disease severity was also evaluated. For this purpose, these diseases were coded as (0) absent; (1) one PMC; (2) two PMCs; or (3) three or more PMCs.



According to the rules issued by the national health authorities regarding the epidemiological surveys to be conducted in infected persons [37,38], spreading was here defined as a dichotomic variable based on the presence or absence of persons presumably infected by the enrolled subjects. Even for these people, the severity of infection was evaluated by classifying positive subjects according to the presence or absence of symptoms and need for hospitalization.




2.7. Statistical Analysis


The Clopper–Pearson method was used to calculate the 95% confidence interval (CI) of cumulative incidence of SARS-CoV-2 infection. The significance of differences among groups was evaluated by Fisher’s exact test or chi-square test for categorical variables and by one-way ANOVA or Kruskal–Wallis test for quantitative variables, as appropriate. The cumulative incidence of SARS-CoV-2 infection over time was estimated by the Kaplan–Meier method as a function of vaccination status.



As a sensitivity analysis, those who completed 2 doses and those who remained unvaccinated were compared by plotting cumulative incidence from the 1st of March until the 3rd of May, using the Kaplan–Meier method. The second half of the observation period was chosen, as the incidence in the Verona area was more stable then than in January and February. The significance of differences was evaluated by the log-rank test, and multivariable survival analysis was accomplished using the Cox model. The proportional hazard assumption of the Cox model was tested by graphical methods. The analyses were performed in Stata 14 (StataCorp, College Station, TX, USA), and statistical significance was set at p < 0.05.





3. Results


As of 3 May 2021, within a total population of 9811 HWs, 8093 were vaccinated against SARS-CoV-2 (82.5%).



Table 1 shows the demographic and occupational characteristics of HWs enrolled by SARS-CoV-2 vaccination status.



The incidence of SARS-CoV-2 infection among HWs of the University Hospital of Verona was 101.4 per 100,000 per week (95% CI 87.5–117.5) during the observation period. Incidence was the highest among the HWs in Group A (147.2/100,000/week, 95% CI 123.5–175.4), intermediate among those in Group B (69.8/100,000/week, 44.0–110.8), and the lowest among Group C (51.6/100,000/week, 95% CI 36.8–72.2).



As Figure 1 shows, the cumulative incidence of SARS-CoV-2 infection was greatly reduced among Group C HWs compared to Group A HWs. The percent reduction amounted to 89% at 3 weeks after full vaccination, 79% after 6 weeks, 61% after 9 weeks, and 54% after 12 weeks. The reduction was even larger when considering symptomatic COVID-19. No symptomatic infection was recorded in the first 3 weeks after full vaccination, while the percent reduction accounted for 88%, 75%, and 67% after 6, 9, and 12 weeks, respectively.



During the observation period, 177 HWs (1.8%) developed SARS-CoV-2 infection, diagnosed via RT-PCR. As reported in Table 2, this subgroup had a median age significantly higher than that of the non-infected cohort (p < 0.001), higher prevalence of nurses, and lower prevalence of physicians (p < 0.001). Most cases had a normal body weight (n = 95, 59%) and were women (n = 132, 74.6%), which was consistent with the sex distribution of the surveyed population; hence, the cumulative incidence of SARS-CoV-2 did not significantly differ between men (1.5%) and women (1.9%). Moreover, 100 cases (56.5%) had been vaccinated with at least one dose.



Only 2 of the 177 infected HWs, 1 unvaccinated and 1 other who was only administered the first dose, had developed a SARS-CoV-2 infection before the vaccination campaign. Reactions to vaccination were reported by 78% (n = 74) of vaccinated HWs; this percentage was slightly higher after the second dose (33/37 = 89%) than after the first dose (41/58 = 71%).



Through health surveillance chart examination, 80 of 163 HWs (49%) had no previous diseases, 68 (42%) had one PMC, and 15 (9%) had at least two PMCs. Twelve cases (7.3%) of SARS-CoV-2 infection had cardiovascular disease before infection, mostly hypertension (n = 11, 6.75%), and three (1.8%) had diabetes. No difference was found among Group A, Group B, and Group C HWs.



Table 3 and Figure 2 show data on the infection setting, spread, and symptoms developed by 165 of 177 HWs (93%) enrolled in the study who agreed to reply to the ad hoc semi-structured questionnaire, designed for anamnestic investigation and described in Supplementary Material Table S1.



Group A also had higher risk of spreading the disease among contacts. This event was instead relatively infrequent among people who had been administered the first/second dose at least 14 days prior. Vaccination reduced by 84% the risk of disease spread. Seventy-five HWs (45%) reported having used personal protective equipment (PPE) during the contact with the source case.



The severity of COVID-19 was strongly dependent on the timing of vaccination. Most HWs among Group A were symptomatic: 50% reported fever, 45% reported ageusia/anosmia, and nearly 20% reported dyspnoea. These percentages were much lower in HWs who had been vaccinated at least 14 days prior.



The lower rate of symptoms was especially evident for fever, ageusia, and anosmia, and was also clinically relevant for the most severe symptoms, such as dyspnoea. However, this aspect did not reach the level of statistical significance. As regards hospital admission, the reduction was not significant (p = 1000).



Vaccination seemed also effective regarding the duration of symptoms, reducing the prevalence of all three categories (1–3 days, 4–7 days, >7 days).



Sensitivity Analysis


Sensitivity analysis was performed on 5804 HWs who either had never been vaccinated during the study period (n = 1661) or were fully vaccinated with two doses at least 14 days before 28th of February 2021.



The cumulative incidence of SARS-CoV-2 infection from the 1st of March until the 3rd of May was 1.20% (0.78–1.86%) in unvaccinated HWs and 0.63% (0.43–0.92%) in fully vaccinated HWs (Figure 3) (p = 0.025). When controlling for sex, age, and job task in a multivariable Cox regression model, the hazard ratio of SARS-CoV-2 infection in fully vaccinated HWs was 0.37 (95% CI 0.20–0.69) with respect to unvaccinated HWs (Table 4). In addition, the risk of SARS-CoV-2 infection increased with age and was not significantly affected by gender or job task.





4. Discussion


Nearly 4 months after the start of the vaccination campaign, high acceptance (over 80%) was recorded in our setting. Concerning this aspect, an age-related difference was highlighted: the unvaccinated group was younger than the vaccinated groups. It comprised a larger proportion of medical students and students of medical-related professions. This aspect could be attributed to the relative delayed beginning of the vaccination campaign for these groups, which started 3 months later than that for other groups (March 2021).



The job task was also significantly associated with the acceptance of vaccination. As 3 May 2021, 22% of administrative workers were still unvaccinated, compared to nearly 17% of HWs directly involved in patient care. This difference can be explained by the progressive introduction of the mandatory vaccination, not yet existing at the beginning of the vaccination campaign. This was firstly for health workers involved in patient care [39], subsequently for other categories of workers [40], and, lastly, for the entire population aged over 50 years [41]; this last piece of legislation confirms that vaccination is a requirement for professional practice and includes access restrictions to the workplace, as well as administrative sanctions and fines.



As of 31 December 2021, about 87% of the hospital population had completed the primary vaccination course, and 83% had also received the additional booster dose.



As regarding SARS CoV-2 infections, in this study, the incidence per week among the fully vaccinated (Group C) was lower than that among the unvaccinated or recently vaccinated with one dose (Group A) cohort throughout the observation period. These data support the role of vaccination in countering the epidemic and are somewhat in line with the results of studies that investigated similar or different samples. Regarding infection transmission, Gazit et al. reported a higher percentage of effectiveness of vaccination, about 80%, compared to both unvaccinated and those vaccinated less than 7 days prior [42]. As for asymptomatic SARS-CoV-2 infection cases, more data are available on preventing the spread of infection among asymptomatic subjects, which would seem to be over 40% of all SARS-CoV-2 infections and may silently spread the virus for extended periods [43,44].



The risk of SARS-CoV-2 infection showed a growing trend in HWs directly involved in clinical activities as compared to administrative personnel, although no statistically significant differences were found among the different job tasks. This was probably due to the low number of positive cases within the groups.



The percentage of subjects infected after contact with positive HWs was significantly reduced in both Group B and Group C subjects compared to Group A (6% vs. 37%). The effectiveness concerning infection spread was as high as 84%. This percentage is higher than that reported by Shah et al., who investigated 194,362 household members of 144,525 HWs who had received at least one dose of the BioNTech–Pfizer or AstraZeneca vaccine. They showed that from the 14th post-vaccination day onwards, vaccinating a co-habiting HW was associated with a household infection rate per 100 person-years of 9.40 versus 5.93 and a hazard ratio (HR) of 0.70 (95% CI: 0.63–0.78) [45]. After the second dose, the risk of infection of household members displayed a rate per 100 person-years of 9.40 versus 2.98, with an HR of 0.46 (95% CI: 0.30–0.70). Similar results also emerged from a study by Harris et al., with 6.25% of cases among family contacts of vaccine recipients compared to 10.1% among contacts of unvaccinated HWs [46].



As regarding COVID-19 disease severity, in the examined population, there were only two cases of hospitalization; further, as reported above, vaccination status affected symptom duration. Therefore, vaccination seems to be effective in reducing symptomatic infections in the vaccinated from 14 days after the first dose. The data on symptoms are in keeping with the current literature. Hall et al. [47], in a surveillance study of HWs in the U.K. with documented baseline molecular testing and antibodies, reported that the cumulative vaccine effectiveness was 72% from 21 days after the first dose, increasing to 86% after two vaccine doses. The authors also reported a higher proportion of “classic𠇍 symptoms (63%) and 5% of asymptomatic infections among unvaccinated HWs (versus 40% with classic symptoms and 13% asymptomatic form in those who underwent vaccination).



Different results concerning vaccination effectiveness could be biased by differences in case definition, surveillance procedures, and environmental setting. This was underlined by Fabiani et al., who estimated that, within the time intervals of 14–21 days from the first and at least 7 days after the second dose, vaccine effectiveness in preventing SARS-CoV-2 infection was 84% (95% confidence interval (CI): 40–96) and 95% (95% CI: 62–99), respectively [48].



Strengths and Limitations


This study has some limitations to be disclosed. Data on COVID-19 symptoms were self-reported. Regarding outcomes, a limit was the assessment of spreading via an interview instead of via swab testing confirmation, as far as the household contacts are concerned.



The sample size, especially concerning the SARS-CoV-2 spreading evaluation, seems limited as compared to other international studies. The time lag between the two doses of vaccine was short (three weeks), so the protective effect of the first dose could not be fully appraised.



As shown in Supplementary Material Figure S1, the incidence of SARS-CoV-2 infection strongly decreased at the beginning of the study period, and this time trend introduced a period effect bias. Indeed, the risk of infection tended to increase in unvaccinated HWs, who were followed up since the start of the vaccination campaign, and to decrease in vaccinated HWs, whose follow-up started two weeks after the date of vaccination. To minimize the period effect, the analysis was repeated considering the last two months of follow-up (Figure 3).



It should also be noted that although similar studies are now available, this research provides additional and thorough data, collected on almost an entire and large hospital population of HWs, well-investigated for demographic and occupational characteristics. Such data would support the overall scientific evidence, especially considering the geographical context particularly affected by the pandemic, such as Veneto in northeast Italy, a region with about 5 million inhabitants, with high employment rates and plenty of political and social initiatives with a high impact on public health.



The observation period was long enough to enable the monitoring of the effectiveness of vaccination in the medium term. The risk of infection was also assessed regarding its association with clinical data; to our knowledge, this is the only study that also reports data on students.



Finally, this study took place within a scientific framework that included complete PCR test surveillance and antibody titration follow-up, in the pre- and post-vaccination eras, of a large population of HWs. The results of the various phases of the study are published or are on the way, including data on the antibody response.





5. Conclusions


This study confirms that SARS-CoV-2 vaccination reduces SARS-CoV-2 infections and the symptom onset, severity, and duration of COVID-19. Vaccination also reduces infection spread in living and working environments, demonstrating again its paramount value as a preventive tool for occupational and public health.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/vaccines10020272/s1, Table S1: Questionnaire. Figure S1: Weekly cases of SARS-CoV2 infection in the Verona Social Health Unit.





Author Contributions


Conceptualization: S.P., G.V. Methodology: S.P., G.S., M.G.L.M., G.L., D.G., G.V. Formal analysis: G.V., G.S, M.G.L.M. Investigation: S.P., M.G.L.M., A.V., A.C., G.S., V.L., E.D., D.G., G.L. Data curation: M.G.L.M., G.S., G.V., G.L., D.G. Writing—original draft preparation: M.G.L.M., S.P., G.V., G.S. Writing—review and editing: S.P., G.S., M.G.L.M., A.C., G.V., G.L., D.G., Supervision: S.P., A.C., D.G., G.V., G.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The research was performed following the 1964 Declaration of Helsinki standards and its later amendments and is part of the SIEROPID study, approved by the Clinical Experimentation Ethics Committee of Verona and Rovigo (protocol no. 22851, 23 April 2020, and protocol no. 9594, 16 February 2021).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The datasets generated during the current study are not publicly available because they contain sensitive data to be treated under data protection laws and regulations. Appropriate forms of data sharing can be arranged after reasonable request to the PI.




Acknowledgments


We thank the General Management, Medical Management, and all personnel of the Unit of Occupational Health and the Unit of Microbiology of the University Hospital of Verona—Azienda Ospedaliera Universitaria Integrata, for their constant support and generous contributions.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Gruppo Italiano per la Medicina Basata sulle Evidenze (GIMBE). Available online: https://coronavirus.gimbe.org/ (accessed on 19 December 2021).

	



World Health Organization (WHO). Available online: https://covid19.who.int/ (accessed on 19 December 2021).

	



EPICENTRO. Available online: https://www.epicentro.iss.it/corona/www.epicentro.iss.it/coronavirus/bollettino/Bollettino-sovirus/bollettino/Bollettino-sorveglianza-integrata-COVID-19_15-dicembre-2021.pdf (accessed on 19 December 2021).

	



Istituto Superiore di Sanità (ISS). Available online: https://covid19.infn.it/iss/ (accessed on 19 December 2021).

	



Dagan, N.; Barda, N.; Kepten, E.; Miron, O.; Perchik, S.; Katz, M.A.; Hernán, M.A.; Lipsitch, M.; Reis, B.; Balicer, R.D. BNT162b2 mRNA COVID-19 Vaccine in a Nationwide Mass Vaccination Setting. N. Engl. J. Med. 2021, 384, 1412–1423. [Google Scholar] [CrossRef] [PubMed]

	



Gagneux-Brunon, A.; Detoc, M.; Bruel, S.; Tardy, B.; Rozaire, O.; Frappe, P.; Botelho-Nevers, E. Intention to get vaccinations against COVID-19 in French healthcare workers during the first pandemic wave: A cross-sectional survey. J. Hosp. Infect. 2021, 108, 168–173. [Google Scholar] [CrossRef]

	



Presidenza del Consiglio dei Ministri. Available online: https://www.governo.it/it/cscovid19/report-vaccini/ (accessed on 19 December 2021).

	



Russo, A.G.; Tunesi, S.; Consolazio, D.; Decarli, A.; Bergamaschi, W. Evaluation of the anti-COVID-19 vaccination campaign in the Metropolitan Area of Milan (Lombardy Region, Northern Italy). Valutazione della campagna vaccinale anti-COVID-19 nella ATS di Milano. Epidemiol. Prev. 2021, 45, 6. [Google Scholar] [CrossRef]

	



Hodgson, S.H.; Mansatta, K.; Mallett, G.; Harris, V.; Emary, K.R.W.; Pollard, A.J. What defines an efficacious COVID-19 vaccine? A review of the challenges assessing the clinical efficacy of vaccines against SARS-CoV-2. Lancet Infect. Dis. 2021, 21, e26–e35. [Google Scholar] [CrossRef]

	



Calzetta, L.; Ritondo, B.L.; Coppola, A.; Matera, M.G.; Di Daniele, N.; Rogliani, P. Factors Influencing the Efficacy of COVID-19 Vaccines: A Quantitative Synthesis of Phase III Trials. Vaccines 2021, 9, 341. [Google Scholar] [CrossRef] [PubMed]

	



Johansson, M.A.; Quandelacy, T.M.; Kada, S.; Prasad, P.V.; Steele, M.; Brooks, J.T.; Slayton, R.B.; Biggerstaff, M.; Butler, J.C. SARS-CoV-2 Transmission From People Without COVID-19 Symptoms. JAMA Netw. Open. 2021, 4, e2035057. [Google Scholar] [CrossRef]

	



Huff, H.V.; Singh, A. Asymptomatic Transmission During the Coronavirus Disease 2019 Pandemic and Implications for Public Health Strategies. Clin. Infect Dis. 2020, 71, 2752–2756. [Google Scholar] [CrossRef]

	



Harder, T.; Koch, J.; Vygen-Bonnet, S.; Külper-Schiek, W.; Pilic, A.; Reda, S.; Scholz, S.; Wichmann, O. Efficacy and effectiveness of COVID-19 vaccines against SARS-CoV-2 infection: Interim results of a living systematic review, 1 January to 14 May 2021. Eurosurveillance 2021, 26, 2100563. [Google Scholar] [CrossRef] [PubMed]

	



Rahman, S.; Rahman, M.M.; Miah, M.; Begum, M.N.; Sarmin, M.; Mahfuz, M.; Hossain, M.E.; Rahman, M.Z.; Chisti, M.J.; Ahmed, T. COVID-19 reinfections among naturally infected and vaccinated individuals. Sci. Rep. 2022, 12, 1438. [Google Scholar] [CrossRef]

	



Malhotra, S.; Mani, K.; Lodha, R.; Bakhshi, S.; Mathur, V.P.; Gupta, P.; Kedia, S.; Sankar, J.; Kumar, P.; Kumar, A. SARS-CoV-2 Reinfection Rate and Estimated Effectiveness of the Inactivated Whole Virion Vaccine BBV152 Against Reinfection Among Health Care Workers in New Delhi, India. JAMA Netw Open. 2022, 5, e2142210. [Google Scholar] [CrossRef] [PubMed]

	



Flacco, M.E.; Acuti Martellucci, C.; Soldato, G.; Carota, R.; Fazii, P.; Caponetti, A.; Manzoli, L. Rate of reinfections after SARS-CoV-2 primary infection in the population of an Italian province: A cohort study. J. Public Health 2021, 8, fdab346. [Google Scholar] [CrossRef] [PubMed]

	



Cavanaugh, A.M.; Spicer, K.B.; Thoroughman, D.; Glick, C.; Winter, K. Reduced Risk of Reinfection with SARS-CoV-2 After COVID-19 Vaccination—Kentucky, May–June 2021. MMWR Morb. Mortal Wkly. Rep. 2021, 70, 1081–1083. [Google Scholar] [CrossRef] [PubMed]

	



Fiolet, T.; Kherabi, Y.; MacDonald, C.J.; Ghosn, J.; Peiffer-Smadja, N. Comparing COVID-19 vaccines for their characteristics, efficacy and effectiveness against SARS-CoV-2 and variants of concern: A narrative review. Clin. Microbiol Infect. 2022, 28, P202–P221. [Google Scholar] [CrossRef] [PubMed]

	



Shastri, J.; Parikh, S.; Aggarwal, V.; Agrawal, S.; Chatterjee, N.; Shah, R.; Devi, P.; Mehta, P.; Pandey, R. Severe SARS-CoV-2 Breakthrough Reinfection with Delta Variant After Recovery from Breakthrough Infection by Alpha Variant in a Fully Vaccinated Health Worker. Front Med. 2021, 20, 737007. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization. Available online: https://www.who.int/publications/m/item/enhancing-readiness-for-omicron-(b.1.1.529)-technical-brief-and-priority-actions-for-member-states (accessed on 1 February 2022).

	



Khandia, R.; Singhal, S.; Alqahtani, T.; Kamal, M.A.; El-Shall, N.A.; Nainu, F.; Desingu, P.A.; Dhama, K. Emergence of SARS-CoV-2 Omicron (B.1.1.529) variant, salient features, high global health concerns and strategies to counter it amid ongoing COVID-19 pandemic. Environ. Res. 2022, 27, 112816. [Google Scholar] [CrossRef] [PubMed]

	



Araf, Y.; Akter, F.; Tang, Y.D.; Fatemi, R.; Parvez, M.S.A.; Zheng, C.; Hossain, M.G. Omicron variant of SARS-CoV-2: Genomics, transmissibility, and responses to current COVID-19 vaccines. J. Med. Virol. 2022, 12. [Google Scholar] [CrossRef] [PubMed]

	



Angel, Y.; Spitzer, A.; Henig, O.; Saiag, E.; Sprecher, E.; Padova, H.; Ben-Ami, R. Association Between Vaccination with BNT162b2 and Incidence of Symptomatic and Asymptomatic SARS-CoV-2 Infections Among Health Care Workers. JAMA J. Am. Med. Assoc. 2021, 325, 2457. [Google Scholar] [CrossRef] [PubMed]

	



Bennson, S.; Oster, Y.; Cohen, M.J.; Nir-Paz, R. BNT162b2 mRNA COVID-19 Vaccine Effectiveness among Health Care Workers. N. Engl. J. Med. 2021, 384, 1775–1777. [Google Scholar] [CrossRef] [PubMed]

	



Sansone, E.; Sala, E.; Tiraboschi, M.; Albini, E.; Lombardo, M.; Indelicato, A.; Rosati, C.; Boniotti, M.B.; Castelli, F.; De Palma, G. Effectiveness of BNT162b2 vaccine against SARS-CoV-2 among healthcare workers. Med. Lav. 2021, 112, 250–255. [Google Scholar] [CrossRef]

	



Bergwerk, M.; Gonen, T.; Lustig, Y.; Amit, S.; Lipsitch, M.; Cohen, C.; Mandelboim, M.; Levin, E.G.; Rubin, C.; Indenbaum, V.; et al. COVID-19 Breakthrough Infections in Vaccinated Health Care Workers. N. Engl. J. Med. 2021, 385, 1474–1484. [Google Scholar] [CrossRef] [PubMed]

	



Alishaq, M.; Nafady-Hego, H.; Jeremijenko, A.; Al Ajmi, J.A.; Elgendy, M.; Vinoy, S.; Fareh, S.B.; Plaatjies, J.V.; Nooh, M.; Alanzi, N.; et al. Risk factors for breakthrough SARS-CoV-2 infection in vaccinated healthcare workers. PLoS ONE 2021, 16, e0258820. [Google Scholar] [CrossRef]

	



Chodick, G.; Tene, L.; Patalon, T.; Gazit, S.; Ben Tov, A.; Cohen, D.; Muhsen, K. Assessment of Effectiveness of 1 Dose of BNT162b2 Vaccine for SARS-CoV-2 Infection 13 to 24 Days After Immunization. JAMA Netw. Open 2021, 4, e2115985. [Google Scholar] [CrossRef] [PubMed]

	



Scobie, H.M.; Johnson, A.G.; Suthar, A.B.; Severson, R.; Alden, N.B.; Balter, S.; Bertolino, D.; Blythe, D.; Brady, S.; Cadwell, B.; et al. Monitoring Incidence of COVID-19 Cases, Hospitalizations, and Deaths, by Vaccination Status—13 U.S. Jurisdictions, April 4–July 17, 2021. MMWR Morb. Mortal. Wkly. Rep. 2021, 70, 1284–1290. [Google Scholar] [CrossRef] [PubMed]

	



Porru, S.; Carta, A.; Monaco, M.G.L.; Verlato, G.; Battaggia, A.; Parpaiola, M.; Lo Cascio, G.; Pegoraro, M.; Militello, V.; Moretti, F.; et al. Health Surveillance and Response to SARS-CoV-2 Mass Testing in Health Workers of a Large Italian Hospital in Verona, Veneto. Int. J. Environ. Res. Public Health 2020, 17, 5104. [Google Scholar] [CrossRef] [PubMed]

	



Porru, S.; Monaco, M.G.L.; Carta, A.; Spiteri, G.; Parpaiola, M.; Battaggia, A.; Galligioni, G.; Ferrazzi, B.; Cascio, G.L.; Gibellini, D.; et al. SARS-CoV-2 Infection in Health Workers: Analysis from Verona SIEROEPID Study during the Pre-Vaccination Era. Int. J. Environ. Res. Public Health 2021, 18, 6446. [Google Scholar] [CrossRef] [PubMed]

	



European Medicines Agency. Available online: https://www.ema.europa.eu/en/documents/product-information/comirnaty-epar-product-information_en.pdf (accessed on 7 November 2021).

	



Centers for Disease Control and Prevention. Available online: https://www.cdc.gov/vaccines/covid-19/index.html. (accessed on 7 September 2021).

	



Centers for Disease Control and Prevention. Available online: https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html (accessed on 7 September 2021).

	



Centers for Disease Control and Prevention. Available online: https://www.cdc.gov/media/releases/2021/p0607-mrna-reduce-risks.html (accessed on 7 September 2021).

	



Istituto Superiore di Sanità. Interim Guidance on Measures for the Prevention and Control of SARS-CoV-2 Infections in Terms of Variants and Vaccination against COVID-19; Version of 13 March 2021; Rapporto ISS COVID-19 n. 4/2021 ; ISS Infection Prevention and Control Working Group: Rome, Italy, 2021; 14p. (In Italian) [Google Scholar]

	



Filia, A.; Urdiales, A.M.; Rota, M.C. Guide to Contact tracing for COVID-19; Version of June 25, 2020; Rapporto ISS COVID-19, n. 53/2020; Istituto Superiore di Sanità: Rome, Italy, 2020. [Google Scholar]

	



Società Italiana di Cure Palliative. MINISTERO DELLA SALUTE CIRCOLARE N. 18584 DEL 29 MAG 2020 RICERCA E GESTIONE DEI CONTATTI DI CASI COVID-19). Available online: https://www.sicp.it/normative/2020/06/ministero-della-salute-circolare-n-18584-del-29-mag-2020/ (accessed on 10 January 2022).

	



Gazzetta Ufficiale. President of Italian Republic. Legislative Decree no. 44/2021 1st April 2021. Available online: https://www.gazzettaufficiale.it/eli/id/2021/04/01/21G00056/sg. (accessed on 31 January 2022).

	



Gazzetta Ufficiale. President of Italian Republic. Legislative Decree no.122/2021 10th September 2021. Available online: https://www.gazzettaufficiale.it/eli/id/2021/09/10/21G00134/sg. (accessed on 31 January 2022).

	



Gazzetta Ufficiale. President of Italian Republic. Legislative Decree no. 1/2022 7th January 2022. Available online: https://www.gazzettaufficiale.it/eli/id/2022/01/07/22G00002/sg. (accessed on 31 January 2022).

	



Gazit, S.; Mizrahi, B.; Kalkstein, N.; Neuberger, A.; Peretz, A.; Mizrahi-Reuveni, M.; Ben-Tov, A.; Patalon, T. BNT162b2 mRNA Vaccine Effectiveness Given Confirmed Exposure: Analysis of Household Members of COVID-19 Patients. Clin. Infect Dis. 2021, ciab973. [Google Scholar] [CrossRef] [PubMed]

	



Jefferson, T.; Spencer, E.A.; Brassey, J.; Onakpoya, I.J.; Rosca, E.C.; Plüddemann, A.; Evans, D.H.; Conly, J.M.; Heneghan, C.J. Transmission of Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) from pre and asymptomatic infected individuals: A systematic review. Clinical Microbiol Infect. 2021, 28, P178–P189. [Google Scholar] [CrossRef]

	



Oran, D.P.; Topol, E.J. The Proportion of SARS-CoV-2 Infections That Are Asymptomatic : A Systematic Review. Ann. Intern. Med. 2021, 174, 655–662. [Google Scholar] [CrossRef] [PubMed]

	



Shah, A.; Gribben, C.; Bishop, J.; Hanlon, P.; Caldwell, D.; Wood, R.; Reid, M.; McMenamin, J.; Goldberg, D.; Stockton, D.; et al. Effect of Vaccination on Transmission of SARS-CoV-2. N. Engl. J. Med. 2021, 385, 1718–1720. [Google Scholar] [CrossRef]

	



Harris, R.; Hall, J.; Zaidi, A.; Andrews, N.J.; Dunbar, J.K.; Dabrera, G. Impact of vaccination on household transmission of SARS-CoV-2 in England. N. Engl. J. Med. 2021, 385, 759–760. [Google Scholar] [CrossRef]

	



Hall, V.J.; Foulkes, S.; Saei, A.; Andrews, N.; Oguti, B.; Charlett, A.; Wellington, E.; Stowe, J.; Gillson, N.; Atti, A.; et al. SIREN Study Group. COVID-19 vaccine coverage in healthcare workers in England and effectiveness of BNT162b2 mRNA vaccine against infection (SIREN): A prospective, multicentre, cohort study. Lancet 2021, 397, 1725–1735. [Google Scholar] [CrossRef]

	



Fabiani, M.; Ramigni, M.; Gobbetto, V.; Mateo-Urdiales, A.; Pezzotti, P.; Piovesan, C. Effectiveness of the Comirnaty (BNT162b2, BioNTech/Pfizer) vaccine in preventing SARS-CoV-2 infection among healthcare workers, Treviso province, Veneto region, Italy, 27 December 2020 to 24 March 2021. Eurosurveillance 2021, 26, 2100420. [Google Scholar] [CrossRef] [PubMed]








[image: Vaccines 10 00272 g001 550] 





Figure 1. Cumulative incidence of SARS-CoV-2 infections in 9811 HWs of the University Hospital of Verona, Italy, estimated by the Kaplan–Meier method. Time zero was the start of the vaccination campaign (27 December 2020) for the red curve (Group A), 14 days after the 1st dose for the blue curve (Group B), and 14 days after the 2nd dose for the green curve (Group C). 
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Figure 2. COVID-19-related symptoms, hospitalization, and infection spreading as a function of vaccination status. 
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Figure 3. Cumulative incidence of SARS-CoV-2 infections in 5804 HWs of the University Hospital of Verona, Italy, estimated by the Kaplan–Meier method. HWs not administered any vaccine (n = 1661, blue line) were compared with HWs who had received two doses at least 14 days before the 28 February 2021 (n = 4143, red line). 
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Table 1. Demographic and occupational characteristics of 9811 health workers by SARS-CoV-2 vaccination status, University Hospital of Verona, Italy.
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	Group A
	Group B
	Group C
	Total
	p-Value





	All
	1718
	434
	7659
	9811
	



	Sex
	
	
	
	
	0.294



	Male
	513 (17.1)
	120 (4.0)
	2364 (78.9)
	2997 (100.0)
	



	Female
	1205 (17.7)
	314 (4.6)
	5295 (77.7)
	6814 (100.0)
	



	Age (median, p25–p75)
	31, 26–46
	33.5, 26–51
	37, 28–52
	
	<0.001



	Job task
	
	
	
	
	<0.001



	Administrative
	184 (22.2)
	32 (3.9)
	612 (73.9)
	828 (100.0)
	



	Physician
	461 (16.9)
	84 (3.1)
	2182 (80.0)
	2727 (100.0)
	



	Nurse
	368 (14.9)
	115 (4.7)
	1980 (80.4)
	2463 (100.0)
	



	Other health

professionals
	705 (18.6)
	203 (5.4)
	2885 (76.1)
	3793 (100.0)
	







p values were computed by Fisher’s exact test for categorical variables and by the Wilcoxon–Mann–Whitney test for continuous variables. Significant results are highlighted in bold.
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Table 2. Main demographic and professional characteristics and vaccination status of the 9811 HWs, by SARS-CoV-2 swab test results.
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Positive (n = 177)

	
Negative

(n = 9634)

	
p-Value






	
Sex

	

	

	
0.139




	
Men

	
45 (25.4)

	
2952 (30.6)




	
Women

	
132 (74.6)

	
6682 (69.4)




	
Age (median, p25–p75)

	
47, 35–55

	
35, 27–51

	
<0.001




	
Job task

	

	

	
<0.001




	
Administrative

	
12 (6.8)

	
816 (8.5)

	




	
Physician

	
36 (20.3)

	
2691 (27.9)

	




	
Nurse

	
70 (39.5)

	
2393 (24.8)

	




	
Other health professional

	
59 (33.3)

	
3734 (38.8)

	




	
Vaccination

	

	

	
<0.001




	
None

	
77 (43.5)

	
1641 (17.0)

	




	
1st dose

	
45 (25.4)

	
389 (4.0)

	




	
2nd dose

	
55 (31.1)

	
7604 (78.9)

	








Categorical variables are presented as absolute frequencies (percent), while continuous variables are presented as median (p25–p75). p values were computed by Fisher’s exact test for categorical variables and by the Wilcoxon–Mann–Whitney test for continuous variables. Significant results are highlighted in bold.
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Table 3. Questionnaire results referring to infection setting, symptoms, and infection spreading.
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	Group A

(n = 114)
	Group B

(n = 17)
	Group C

(n = 34)
	p Value





	Infection setting
	
	
	
	0.064



	Work
	60 (53)
	7 (41)
	9 (26)
	



	Family
	24 (21)
	3 (18)
	9 (26)
	



	Unknown
	30 (26)
	7 (41)
	16 (47)
	



	Infection spreading
	42 (37)
	1 (6)
	2 (6)
	<0.001



	COVID-19
	
	
	
	



	Symptoms
	91 (80)
	4 (24)
	17 (50)
	<0.001



	Fever
	56 (49)
	1 (6)
	6 (18)
	<0.001



	Dyspnoea
	21 (18)
	1 (6)
	2 (6)
	0.126



	Ageusia
	50 (44)
	1 (6)
	3 (9)
	<0.001



	Anosmia
	51 (45)
	1 (6)
	6 (18)
	<0.001



	Hospitalization
	2 (2)
	0
	0
	1.000







p values were computed by Fisher’s exact test for categorical variables. Significant results are highlighted in bold.
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Table 4. Influence of vaccination on the risk of SARS-CoV-2 infection in 5804 HWs, either unvaccinated during the study period (n = 1661) or fully vaccinated with two doses at least 14 days before 28th of February 2021. The hazard ratio and p values were computed via the Cox regression model, controlling for sex, age, and job task.
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	Hazard Ratio (95% CI)
	p Value





	Fully vaccinated vs. unvaccinated
	0.37 (0.20–0.69)
	0.002



	Gender (women vs. men)
	0.87 (0.46–1.67)
	0.682



	Age (per 10-year increase)
	1.61 (1.27–2.04)
	<0.001



	Job task
	
	



	Administrative
	1 (reference)
	



	Physician
	1.62 (0.43–6.11)
	0.474



	Nurse
	2.13 (0.60–7.65)
	0.245



	Other health professional
	2.46 (0.71–8.51)
	0.154







p values were computed by the Wald test. Significant results are highlighted in bold.
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