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Background: Epidemiological studies show that BCG-vaccinated population seems to be more likely protected from COVID-19 infection, but WHO gave a stark warning on use of BCG vaccine without confirmed COVID-19 trials. The aim of the study is to evaluate whether TB vaccination, performed several years earlier, could confer protection against COVID-19.
Methods: After the Ethical Committee authorization, professional orders were used to contact physicians with an online survey. Specialty, COVID-19 infection and previous BCG vaccination were recorded. Statistical data analysis was performed.
Results: 1906 physicians answered the questionnaire, (M = 1068; F = 838; mean age 50.7 ± 13.3 years; range 24–87), more than half (1062; 55.7%) experienced BCG vaccination. Professional activity was recorded, and only 49 subjects (2.6%) of them were infected by SARS-CoV2. Among the group of infected people, asymptomatic form occurred in 12 subjects (24.5%); a pauci-symptomatic form in 24 subjects (49.0%); and a severe form (pneumonia and/or respiratory distress) in 13 (26.5%). Considering only the clinically relevant form of COVID-19, period prevalence was 2.2% (23/1062) in the vaccinated group and 1.7% (14/844) in the unvaccinated group (OR: 1.31, 95% C.I.: 0.68–2.63, p = 0.427).
Conclusion: Our experience does not confirm the possible protective role of BCG vaccination, performed years earlier, against COVID-19. Although recent epidemiological studies point out in BCG-vaccinated population a lower prevalence of SARS-CoV2 infection, in our cohort of physicians no significant difference was found in terms of prevalence of COVID-19 infection. Our data underline the necessity to follow the WHO warning about the indiscriminate use of BCG vaccine, until clear evidence of protection by BCG vaccination against COVID-19 is fully demonstrated.
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INTRODUCTION
At the end of December 2019, the Chinese authorities informed the World Health Organization (WHO) of a series of pneumonia-like cases in the city of Wuhan, likely originating from a fish and animal market in the city (Li et al., 2020). Only in January 2020, the first news about the viral outbreak detected in the city of Wuhan was confirmed by the Chinese government, about a new virus belonging to the coronavirus family (Coronaviridae Study Group of the International Committee on Taxonomy of Viruses, 2020). Subsequently, the infection spread rapidly throughout the world with a significant intensity of infection in Europe, especially in Italy (Grasselli et al., 2020). On March 11, 2020, the General Director of the WHO Tedros Adhanom Ghebreyesus, given the dramatic increase in the cases and countries involved, declared COVID-19 a pandemic (WHO Director-General’s opening remarks at the media briefing on COVID-19”, 2020).
An old vaccine, Bacillus Calmette–Guérin (BCG), a live attenuated strain of Mycobacterium bovis, was originally developed by Albert Calmette and Camille Guérin at the beginning of the 20th century, with the aim to prevent tuberculosis (TB) (Calmette et al., 1927). It is well known that BCG vaccine protects against serious tuberculosis disease for up to 15 years after vaccination, while in some cases is more effective than it was thought, offering protection for at least 20 years (Mangtani et al., 2018).
In recent weeks, some studies hypothesize whether BCG vaccine can protect against SARS-CoV2 infection. There are a lot of expert opinions, but available data related to epidemiological studies are limited and controversial (Faust et al., 2020; Hamiel et al., 2020; Ozdemir et al., 2020). Several trials are currently investigating the hypothesis that heterologous immune response induced by BCG could protect against severe COVID-19.1,2
In addition to inducing a specific immune response against Mycobacterium tuberculosis, anti-TB vaccination with BCG also seems to promote a nonspecific protection against other viral and bacterial agents (Biering-Sørensen et al., 2012; Hirve et al., 2012), acting as an immune enhancer, in particular on the innate component of the immune system. This phenomenon, called “trained immunity,” has been studied extensively from an immunological point of view. The induced “non–antigen-specific immunological memory” in innate immunity cells such as macrophages, monocytes, and natural killer cells can be the effector of this phenomenon (Ponticiello et al., 2014; Netea et al., 2016). After stimulation with BCG these cells undergo an epigenetic reprogramming of some transcription factors; promoters of cytokine genes are de-phased or de novo created. This epigenetic upgrade is maintained even after the disappearance of the primary stimulus (“non–antigen-specific innate immune memory”), giving to these cells the ability to respond more powerfully to a secondary stimulus, even if not correlated with the primary stimulus (Uthayakumar et al., 2018; Netea et al., 2020). All these mechanisms could justify a protective potential of “trained immunity” against SARS-CoV2.
In this study, we investigated with a questionnaire the relationship between BCG vaccine and SARS-CoV2 infection among a group of Italian physicians, who still currently are highly exposed to SARS-CoV2 (Patella et al., 2020c). In Italy, anti-TB vaccination is not mandatory, but it was up to few years ago, only for students of Medicine and Dentistry who were starting their degree course; for this reason most physicians have been vaccinated with BCG.
The aim of the study is to evaluate whether TB vaccination, performed several years earlier, could confer protection against COVID-19. The results could confirm recent epidemiological observations according to which in countries where the vaccine is performed in childhood (therefore many years before), there is a lower spread of COVID-19 (Gursel and Gursel, 2020; Ozdemir et al., 2020).
MATERIALS AND METHODS
Ethics
The studies for this survey involving human participants were reviewed and approved by an Independent Ethics Committee: “Comitato Etico Interaziendale Campania SUD” (Note: n. 19_53, 2020).
Questionnaire
The anonymous questionnaire was administered to all the medical doctors belonging to the Campania region (Southern Italy) Professional Orders (44,203 subjects, at time of survey), reached through their mailing list, by a computer-based platform with a survey technique. Participation was voluntary and uncompensated; after giving informed consent, the participants could access the questionnaire. To avoid incomplete questionnaires, the registration of the questionnaire was possible only if all questions were answered.
A web-based data collection tool was used to collect non-identified data over the period between April 10 and May 7, 2020. Data collected included each individual subject’s gender, age, type of care activity carried out, results of nasopharyngeal swab, and serological examination, any contagion with SARS-CoV2 (considered in case of positive swab or serology), the level of the clinical signs and symptoms in case of infection, the previous BCG vaccine, and the year of vaccination (Table 1).
TABLE 1 | Questionnaire.
[image: Table 1]Statistical Analysis
Statistical platform R (vers. 3.5.1) was used for all the statistical analyses. Descriptive statistics were used to characterize the sample; mean ± standard deviation or median [25th; 75th percentile] with range in case of numerical variables and absolute frequencies with percentages in case of categorical factors. Association between vaccination and infection was assessed using the chi-square test and further quantified using odds ratio (OR) with the corresponding 95% confidence intervals (95% CIs). Logistic regression models were used to adjust the association between vaccination and infection for potential confounding factors (age, gender, and care activity). Statistical significance was set at p < 0.05.
RESULTS
Epidemiological Data and Bacille Calmette–Guerin Vaccination
The questionnaire collection phase lasted one month, from April 10 to May 7, 2020. During this period, a total of 1906 physicians joined the study, corresponding to a participation rate in the survey of 4.3%: 1068 men (56.0%) and 838 (44.0%) women. The mean age (±standard deviation) was 50.7 ± 13.3 years, with a minimum age of 24 years and a maximum age of 87 years. In the whole sample, more than half (55.7%) had undergone BCG vaccine. Median age at vaccination was 19 years [18; 20] (Table 2), which is in line with the age at which medical students enroll in the degree course. Vaccination coverage, stratified by gender and age groups, is reported in Table 3. The highest coverage was observed in the middle-age class (41–60 years) and a slightly higher prevalence of BCG vaccination was observed in the female sample.
TABLE 2 | Population Characteristic.
[image: Table 2]TABLE 3 | Vaccination coverage in the sample stratified by gender and age groups.
[image: Table 3]In Italy, the mandatory TB vaccination became voluntary for medical students in 2001. Students who enroll in medicine are usually about 19 years old, and BCG vaccination was performed at that exact moment. Considering the end of the obligation in 2001, all the students enrolled at that time and who were no longer required to take the vaccine would now be around 40 years old. Therefore, analyzing the sample by age, we noticed that, in the group of subjects <40 years, the number of vaccinated people is significantly lower (194/491—39.5%) than the group ≥40 (866/1415—61.2%).
Infected Population and Period Prevalence with Respect to Care Activity
Forty-nine physicians were infected with SARS-CoV2 out of the sample analyzed of 1906 subjects, with a period prevalence of 2.6% (Table 4), a much higher value than in the general population of the Campania region (0.08%) calculated on the basis of the cumulative data of the Civil Protection Department on May 07, 2020.
TABLE 4 | Infection rates related to gender, age, and care activity.
[image: Table 4]The clinical features registered among infected physicians were as follows: an asymptomatic condition in 12 subjects (24.5%); a pauci-symptomatic condition characterized mainly by fever, cough, and nonspecific symptoms, which occurred in 24 subjects (49.0%); and a severe condition characterized by pneumonia and respiratory distress syndrome, which occurred in 13 subjects (26.5%) (Figure 1).
[image: Figure 1]FIGURE 1 | Clinical features among infected physicians. An asymptomatic state occurred in 12 subjects (24.5%); a pauci-symptomatic state in 24 subjects (49.0%); and a severe state in 13 subjects (26.5%).
With respect to all forms of infection (Table 4), average age of infected physicians was 47.1 ± 11.4 years with the highest period prevalence (3.6%) observed in the youngest age group (≤40). Depending on the type of care activity, a different percentage of contagion with SARS-CoV2 was observed. The most at-risk categories were the physicians of the critical area, the hospital internal medicine physicians, and those working with discharged patients during the emergency, with a period prevalence of 5.1; 6.0; 4.7%, respectively. A similar pattern was observed when only clinically relevant infections were considered (Table 4).
Relationship Between Bacille Calmette–Guerin Vaccine and Clinically Relevant COVID-19
In these comparisons between vaccinated and unvaccinated, we took into consideration only the cases that had any clinical relevance. In fact, subjects positive for the swab and therefore infected, but without clinical features, can be considered, in terms of hypothetical vaccine protection, in the same way as noninfected subjects.
In the “unvaccinated” group, 14 out of 844 subjects (1.7%) were infected by a clinical form of COVID-19 (pauci-symptomatic or respiratory distress); the rate raised to 2.2% (23 out of 1062) in the “vaccinated” group (unadjusted OR: 1.31, 95% C.I. 0.68–2.63; p = 0.427). When adjusting the analysis by age, gender, and care activity the difference remains not significant (OR: 1.35, 95% C.I.: 0.68–2.71, p = 0.393; Table 5).
TABLE 5 | Impact of COVID-19 related to timing BCG vaccinationa.
[image: Table 5]When considering in the “vaccinated group” only those physicians who received vaccine within the last 20 years (vaccination year after 2000), a similar pattern was observed (in this model three questionnaires were excluded because they did not report the year). In the group of “unvaccinated” (not vaccinated or vaccinated before 2000), 31 out of 1758 individuals (1.8%) showed a clinical form of COVID-19, and in the group of “vaccinated,” 6 out of 145 individuals (4.1%) showed a clinical form of COVID-19 (unadjusted OR: 2.40, 95% C.I.: 0.89–5.47; p = 0.054). In the full logistic model, the odds of infection were two-fold higher in the vaccinated group than in the unvaccinated group without reaching statistical significance (OR: 2.02, 95% C.I.: 0.72–5.68; p = 0.184; Table 5).
Finally, in considering in the “vaccinated group,” only those physicians who received vaccine within the last 15 years (vaccination year after 2005), in the group of “unvaccinated,” 36 subjects out of 1849 (1.9%) showed a clinical form of COVID-19, while in the “vaccinated” group, only 1 subject out of 54 physicians (1.9%) was infected with SARS-CoV2 presenting a pauci-symptomatic form (unadjusted OR: 0.95, 95% C.I.: 0.05–4.53, p = 0.96). Also, in this model, three questionnaires were excluded because they did not report the year. When adjusting the analysis by age, gender, and care activity, the association remains not significant (OR: 0.74, 95% C.I.: 0.1–5.78, p = 0.778; Table 5; Figure 2).
[image: Figure 2]FIGURE 2 | Impact of COVID-19 in relation to timing of BCG vaccination. In all three analyses, no significant difference was observed between the vaccinated and the unvaccinated group neither in unadjusted (raw p) or in adjusted analysis (adj. p).
Relationship Between BCG Vaccine and Clinically Relevant COVID-19 Among the Subjects Who Had Subjected to the Swab
We also evaluated the association between BCG and COVID-19 among the subjects who had underwent the swab testing (385 subjects—20.2% of the sample): the “vaccinated” were 229 (and the unvaccinated 156). The subjects infected with SARS-CoV2 were 45 (four subjects are missing compared to the total of 49 infected because these four were judged affected only on the basis of serology), of these 34 presented a clinical form of COVID-19 (pneumonia, respiratory distress, and pauci-symptomatic form) and 11 were asymptomatic. Among “vaccinated,” 22 individuals (9.6%) were infected by a clinical form of COVID-19, while among “unvaccinated,” 12 individuals (7.7%) were infected by a clinical form of COVID-19 (OR: 1.28, 95% C.I.: 0.62–2.74; p = 0.516); the association remained not significant after adjusting the analysis by age, gender, and care activity (OR: 1.20, 95% C.I. 0.56–2.66; p = 0.6418). Taking into account year of vaccination (after 2000 or 2005) the association remained not significant both in the unadjusted and in the adjusted analysis (data not shown).
DISCUSSION
The results allow a rapid epidemiological review of the relationship between BCG vaccination and COVID-19 in a population exposed to SARS-CoV2. We verified that there was no difference between the vaccinated and unvaccinated population about the prevalence of the disease during the observation, which was the period of greatest exposure to such disease. In a recent study concerning general population, these epidemiological data seem to be confirmed (Hamiel et al., 2020).
In our sample, the majority of medical cohort was BCG vaccinated, and the prevalence of COVID-19 was much higher than the prevalence in regional population in the same period, confirming the high exposure of medical personnel during the COVID-19 pandemic. According to the various physicians’ categories, the most exposed to the contagion were those working in critical care (intensive care and emergency department) and internal medicine hospital. These data confirm the absolute need for protective tools in the most exposed categories (Houghton et al., 2020; Patella et al., 2020b) and the need for weighted choices in diagnostics and preventive medicine to control the infection spread among health care workers.
It should be noted that the incidence of COVID-19 differs between the various age groups regardless of the anti-TB vaccination (Table 4—“age class” section), resulting double in subjects ≤40 years of age compared to subjects >60 years. This finding could be explained by the higher exposure to the virus of younger doctors. In fact, among the subjects ≤40 years of age, 24.2% were intensive care or doctors in internist branches compared to subjects >60 where only 13.1% were at high exposure (intensive care doctor and/or internist). Moreover, among the 13 young subjects with clinically relevant forms of COVID-19, only two presented a more severe form with pneumonia and/or respiratory distress (15.4%), while among the older subjects, 4 out of 7 infected individuals (57, 1%) presented a more severe form with pneumonia and/or respiratory distress. On the other hand, the association between age class and incidence of infection is not statistically significant both in the case in which all forms of infections are considered (p = 0.085) and in the case of clinically relevant infections (p = 0.247). Moreover, considering the individual age groups, the difference in the incidence of COVID-19 between the vaccinated and unvaccinated remains insignificant.
We conducted a reassessment of the data according to three approaches related to the time elapsed since BCG vaccination. The first analysis was considered regardless of the year of vaccination; in the second analysis, we considered protection from BCG-induced “trained immunity” only who had undergone the vaccination in the last 20 years, and in the third analysis, we considered only the vaccination in the last 15 years. In all the approaches, we adjusted the analysis by age, gender, and care activity. None of the approaches showed a significant difference between the two groups.
Clearly, the study refers to vaccinations performed several years before exposure to SARS-CoV2 (on average 34 years before and in the two models, up to 20 years and up to 15 years). The immunological processes underlying “trained immunity” have a duration that is still unclear today; work by Kleinnijenhuis and Netea show that the “trained immunity status” is maintained for at least 1 year (Kleinnijenhuis et al., 2014) (the maximum time point measured), even if the duration of BCG induced “trained immunity” in terms of longevity of induced innate memory is not known. Therefore, these data can only conclude on the absence of long-term effects of BCG on COVID-19. Only trials currently underway will be able to answer the short-term effects of BCG on COVID-19.
Our study arises in response to several epidemiological observations according to which the BCG vaccine performed in childhood (therefore many years before) could protect against COVID-19, in particular it is reported that in the countries where the vaccine is regularly performed, there is a lower spread of COVID-19 (Gursel and Gursel, 2020; Ozdemir et al., 2020). Several reasons may explain the different global prevalence of the disease: for example, the difference in infections between the northern and southern hemisphere could be due, at least in part, to their different temperature, since the outbreak of COVID-19 occurred during winter in the most affected countries (Caminati et al., 2020; Wu et al., 2020). Furthermore, the main problem in studies comparing mortality rates between different countries is the different ability of national systems to report epidemiological data. In those countries with more precarious welfare systems and greater population density, where COVID-19 epidemic presented a multilevel emergency (health, social, and political), not all deaths were adequately assessed for the cause, resulting in an underestimation of COVID-19 mortality rate. This phenomenon is likely to be more frequent in poorer countries, where tuberculosis is still widespread and therefore with active BCG vaccination programs (Patella et al., 2020a).
In contrast, our study verified that a BCG vaccination performed years earlier cannot confer protection. Our data appear to be in line with the epidemiological study by Hamiel et al. conducted on a cohort of Israeli adults aged 35–41 years, who had received BCG vaccination in childhood, where the authors found a similar rate of positive test results for SARS-CoV2 compared with no vaccination (Hamiel et al., 2020). Our work suffers from the limitations of the retrospective nature of the study, and being the participation on a voluntary basis, the sample studied is not standardized. Moreover, the questionnaire-based survey, which relies only on the memory of the voluntary participant, may have introduced recall bias. Our results suffer from relatively low number of examined subjects; in particular among who had subjected to the swab, furthermore they present the limitation of not considering participants’ co-morbidities.
The possibility that BCG vaccination may protect against SARS-CoV2 infection remains an open discussion with conflicting data and opinions in the international scene (Curtis et al., 2020). Protection of tuberculosis vaccination could derive from trained immunity, a phenomenon relating to innate immunity, which, once stimulated by BCG, would drive a reprogramming of nonspecific immunological response towards even other infections, as SARS-CoV2. Epigenetic reprogramming of innate immune cells by a primary stimulus such as BCG vaccine may allow activation of transcription factors in myeloid cells (Freyne et al., 2018). In BCG vaccinated subjects, monocytes showed increased expression of activation surface markers and produced more IL-1β, IL-6, IFN-γ, and TNF-α in response to Staphylococcus aureus or Candida albicans (Kleinnijenhuis et al., 2012; Kleinnijenhuis et al., 2014). Kleinnijenhuis J et al. reported that NK cells isolated from volunteers 3 months after BCG vaccination, produced more pro-inflammatory cytokines on stimulation, in particular IL1β, but also IL-6 and TNFα. In another study, Kleinnijenhuis and Smith et al. reported that BCG vaccinated children showed a significant increase in surface expression of the CD69 activation marker on NK cells in response to stimulation of Pam3Cys (Smith et al., 2017).
Taken together, these data could justify the protective potential of trained immunity against SARS-CoV2. In particular, it would seem that one of the fundamental elements in the immune response against SARS-CoV2 could be just the rapidity of the pathogen elimination: indeed the escape of the immune system and the viral permanence could entail an uncontrolled response with vicarious production of inflammatory cytokines, and the clinical progression towards the most severe forms of pneumonia as has been demonstrated for SARS-CoV (Channappanavar et al., 2016). Therefore, the enhancement of the innate immune responses that represents the earliest defense line could be a fundamental step to block the progression of immune activation toward more massive and uncontrolled responses that are ultimately harmful to the host organism itself.
Probably only clinical trials with active administration of BCG vaccine will give an evident answer about the protective role of BCG: Giamarellos–Bourboulis et al. reported preliminary results about an ongoing clinical trial (ACTIVATE), which evaluates the role of active vaccination with BCG versus placebo on the time to first infection in the elderly. The first data show that the ratio of new infections during the 12-month period of follow-up after BCG vaccination was significantly decreased. The difference in the incidence according to the type of infection showed most of the benefit on the prevention of respiratory infections of probable viral origin. Unfortunately, the outcomes of the ACTIVATE trial did not include the specific assessment for SARS-CoV2 infection (Giamarellos-Bourboulis et al., 2020).
All over the world, several clinical trial protocols (see footnotes 1 and 2) have been developed with active administration of BCG vaccine in selected populations, to evaluate the efficacy during COVID-19. The results of these trials will clarify whether or not there is a real protection by BCG vaccine against SARS-CoV2 infection.
However, in the light of current knowledge and data from our study, we consider appropriate to follow the WHO warning about indiscriminate use of BCG vaccine, until clear evidence of protection by BCG vaccination against COVID-19 is fully demonstrated.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
AUTHOR CONTRIBUTIONS
VP and GD contributed equally to ideation, to write and analysis of data in this paper, DB contributed to statistical analysis, the other authors GiF, GaF, RB, and AS contributed equally to ideation and analysis of paper.
ACKNOWLEDGMENTS
The authors must gratefully acknowledge and appreciate Paolo Senatore (Salerno, Italy) for revising and editing the paper.
9
1Reducing healthcare workers absenteeism in the COVID-19 pandemic through BCG vaccine (BCG-CORONA). Radboud University, the Netherlands. ClinicalTrials.gov Identifier: NCT04328441.
2BCG vaccination to protect healthcare workers against COVID-19 (BRACE). Murdoch Children’s Research Institute, Australia. ClinicalTrials.gov Identifier: NCT04327206.
REFERENCES
 Biering-Sørensen, S., Aaby, P., Napirna, B. M., Roth, A., Ravn, H., Rodrigues, A., et al. (2012). Small Randomized Trial Among Low-Birth-Weight Children Receiving Bacillus Calmette-Guérin Vaccination at First Health Center Contact. Pediatr. Infect. Dis. J. 31, 306–308. doi:10.1097/INF.0b013e3182458289
 Calmette, A., Guérin, C., Boquet, A., and Négre, L. (1927). La vaccination préventive contre la tuberculose par le “BCG”. Paris: Masson, 1927. [Google Scholar]
 Caminati, M., Furci, F., Senna, G., Delfino, G., Poli, A., Bovo, C., et al. (2020). BCG Vaccination and COVID-19: Much Ado about Nothing?Med. Hypotheses 144, 110109. doi:10.1016/j.mehy.2020.110109
 Channappanavar, R., Fehr, A. R., Vijay, R., Mack, M., Zhao, J., Meyerholz, D. K., et al. (2016). Dysregulated Type I Interferon and Inflammatory Monocyte-Macrophage Responses Cause Lethal Pneumonia in SARS-CoV-Infected Mice. Cell Host & Microbe . 19 (2), 181–193. doi:10.1016/j.chom.2016.01.007
 Coronaviridae Study Group of the International Committee on Taxonomy of Viruses (2020). The Species Severe Acute Respiratory Syndrome-Related Coronavirus: Classifying 2019-nCoV and Naming it SARS-CoV-2. Nat. Microbiol. 5, 536–544. doi:10.1038/s41564-020-0695-z
 Curtis, N., Sparrow, A., Ghebreyesus, T. A., and Netea, M. G. (2020). Considering BCG Vaccination to Reduce the Impact of COVID-19. Lancet . 395 (10236), 1545–1546. doi:10.1016/s0140-6736(20)31025-4
 Faust, L., Huddart, S., MacLean, E., and Svadzian, A.. (2020). Universal BCG Vaccination and Protection against COVID-19: Critique of an Ecological Study. https://naturemicrobiologycommunity.nature.com/users/36050-emily-maclean/posts/64892-universal-bcgvaccination-and-protection-against-covid-19- critique-of-an-ecological-study (accessed April 5, 2020). 
 Freyne, B., Donath, S., Germano, S., Gardiner, K., Casalaz, D., Robins-Browne, R. M., et al. (2018). Neonatal BCG Vaccination Influences Cytokine Responses to Toll-like Receptor Ligands and Heterologous Antigens. J. Infect. Dis. 217, 1798–1808. doi:10.1093/infdis/jiy069
 Giamarellos-Bourboulis, E. J., Tsilika, M., Moorlag, S., Antonakos, N., Kotsaki, A., Domínguez-Andrés, J., et al. (2020). Activate: Randomized Clinical Trial of BCG Vaccination against Infection in the Elderly. Cell . 183, 315–323. doi:10.1016/j.cell.2020.08.051
 Grasselli, G., Zangrillo, A., Zanella, A., Antonelli, M., Cabrini, L., Castelli, A., et al. (2020). Baseline Characteristics and Outcomes of 1591 Patients Infected with SARS-CoV-2 Admitted to ICUs of the Lombardy Region, Italy. JAMA . 323, 1574. doi:10.1001/jama.2020.5394
 Gursel, M., and Gursel, I. (2020). Is Global BCG Vaccination‐induced Trained Immunity Relevant to the Progression of SARS‐CoV‐2 Pandemic?Allergy . 75, 1815–1819. doi:10.1111/all.14345
 Hamiel, U., Kozer, E., and Youngster, I. (2020). SARS-CoV-2 Rates in BCG-Vaccinated and Unvaccinated Young Adults. JAMA 323, 2340. doi:10.1001/jama.2020.8189
 Hirve, S., Bavdekar, A., Juvekar, S., Benn, C. S., Nielsen, J., and Aaby, P. (2012). Non-specific and Sex-Differential Effects of Vaccinations on Child Survival in Rural Western India. Vaccine 30, 7300–7308. doi:10.1016/j.vaccine.2012.09.035
 Houghton, C., Meskell, P., Delaney, H., Smalle, M., Glenton, C., Booth, A., et al. (2020). Barriers and Facilitators to Healthcare Workers' Adherence with Infection Prevention and Control (IPC) Guidelines for Respiratory Infectious Diseases: a Rapid Qualitative Evidence Synthesis. Cochrane Database Syst. Rev. 4, CD013582. doi:10.1002/14651858.CD013582
 Kleinnijenhuis, J., Quintin, J., Preijers, F., Benn, C. S., Joosten, L. A. B., Jacobs, C., et al. (2014). Long-lasting Effects of BCG Vaccination on Both Heterologous Th1/Th17 Responses and Innate Trained Immunity. J. Innate Immun. 6, 152–158. doi:10.1159/000355628
 Kleinnijenhuis, J., Quintin, J., Preijers, F., Joosten, L. A. B., Ifrim, D. C., Saeed, S., et al. (2012). Bacille Calmette-Guerin Induces NOD2-Dependent Nonspecific Protection from Reinfection via Epigenetic Reprogramming of Monocytes. Proc. Natl. Acad. Sci. 109, 17537–17542. doi:10.1073/pnas.1202870109
 Li, Q., Guan, X., Wu, P., Wang, X., Zhou, L., Tong, Y., et al. (2020). Early Transmission Dynamics in Wuhan, China, of Novel Coronavirus-Infected Pneumonia. N. Engl. J. Med. 382, 1199–1207. doi:10.1056/nejmoa2001316
 Mangtani, P., Nguipdop-Djomo, P., Keogh, R. H., Sterne, J. A. C., Abubakar, I., Smith, P. G., et al. (2018). The Duration of Protection of School-Aged BCG Vaccination in England: a Population-Based Case–Control Study. Int. J. Epidemiol. 47 (1), 193–201. doi:10.1093/ije/dyx141
 Netea, M. G., Joosten, L. A., Latz, E., Mills, K. H., Natoli, G., Stunnenberg, H. G., et al. (2016). Trained Immunity: a Program of Innate Immune Memory in Health and Disease. Science 352, aaf1098. doi:10.1126/science.aaf1098
 Netea, M. G., Domínguez -Andrés, J., Barreiro, L. B., Chavakis, T., Divangahi, M., Fuchs, E., et al. (2020). Defining Trained Immunity and its Role in Health and Disease. Nat. Rev. Immunol. 20, 375. doi:10.1038/s41577-020-0285-6
 Ozdemir, C., Kucuksezer, U. C., and Tamay, Z. U. (2020). Is BCG Vaccination Effecting the Spread and Severity of COVID-19?Allergy 75, 1824. doi:10.1111/all.14344
 Patella, V., Delfino, G., Bruzzese, D., Giuliano, A., and Sanduzzi, A. (2020a). The bacillus Calmette-Guérin Vaccination Allows the Innate Immune System to Provide Protection from Severe COVID-19 Infection. Proc. Natl. Acad. Sci. (Pnas) . 117, 41. doi:10.1073/pnas.2015234117
 Patella, V., Delfino, G., Florio, G., Spadaro, G., Chieco Bianchi, F., Senna, G., et al. (2020b). Management of the Patient with Allergic and Immunological Disorders in the Pandemic COVID-19 Era. Clin. Mol. Allergy 18, 18. doi:10.1186/s12948-020-00134-5
 Patella, V., Florio, G., Brancaccio, R., and Delfino, G. (2020c). Could Anti‐tubercular Vaccination Protect against COVID‐19 Infection?Allergy 76, 942–945. doi:10.1111/all.14443
 Ponticiello, A., Perna, F., Maione, S., Stradolini, M., Testa, G., Terrazzano, G., et al. (2014). Analysis of Local T Lymphocyte Subsets upon Stimulation with Intravesical BCG: a Model to Study Tuberculosis Immunity. Respir. Med. 98 (6), 509–514. doi:10.1016/j.rmed.2003.12.003
 Smith, S. G., Kleinnijenhuis, J., Netea, M. G., and Dockrell, H. M. (2017). Whole Blood Profiling of Bacillus Calmette-Guérin-Induced Trained Innate Immunity in Infants Identifies Epidermal Growth Factor, IL-6, Platelet-Derived Growth Factor-AB/BB, and Natural Killer Cell Activation. Front. Immunol. 8, 644. doi:10.3389/fimmu.2017.00644
 Uthayakumar, D., Paris, S., Chapat, L., Freyburger, L., Poulet, H., and De Luca, K. (2018). Non-specific Effects of Vaccines Illustrated through the BCG Example: from Observations to Demonstrations. Front. Immunol. 9, 2869. doi:10.3389/fimmu.2018.02869
 WHO Director-General's opening remarks at the media briefing on COVID-19". (2020). World Health Organization (WHO) (Press release). 11 March 2020. Archived from the original on 11 March 2020. Retrieved 12 March 2020.
 Wu, Y., Jing, W., Liu, J., Ma, Q., Yuan, J., Wang, Y., et al. (2020). Effects of Temperature and Humidity on the Daily New Cases and New Deaths of COVID-19 in 166 Countries. Sci. Total Environ. 729, 139051. doi:10.1016/j.scitotenv.2020.139051
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2021 Patella, Sanduzzi, Bruzzese, Florio, Brancaccio, Fabbrocini and Delfino. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-12-646570-t003.jpg
Age class

<30

31-40
41-50
51-60
60-70
>70

Overall

Overall (%)

22 (14)
196 (52.8)
264 (71.7)
253 (61)
302 (55.6)
25 (48.1)
1062 (55.7)

Male (%)

8(12.9)

63 (47.4)
120 (71.4)
155 (58.7)
213 (54.2)
23 (47.9)
582 (54.5)

Female (%)

14.(14.7)
133 (55.9)
144 (72)
98 (64.9)
89 (59.3)
2 (50)
480 (57.3)





OPS/images/fphar-12-646570-t004.jpg
Infection rate

All forms of infection Clinically
relevant infections

Overall 49 (2.6) 37 (1.9)
Gender
Male 25 (2.3) 20 (1.9)
Female 24 (2.9) 17
Age dlass
<40 19.(36) 13 (2.5)
41-60 21 (2.7) 17 (2.2)
60 9(15) 7(12)
Care activity
Intensive care or first aid doctor 76.1) 6(4.4)
Hospital intemal medicine physicians 15 (6) 1248
Dentistry 4(1.4) 4(1.4
Doctor working with discharged patients during the pandemic 3(47) 2(3.1)
General practitioner and pediatrician 4012 2(086)
Outpatient specialist 3(1.6) 2(1)

Other 1B@ 9(1.4)





OPS/images/fphar-12-646570-t001.jpg
1. Basic epidemiological data
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A. Intensive care or first aid doctor
B. Hospital internal medicine physicians
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D. Doctor working with discharged patients during the pandemic
E. General practitioner and pedatrician
F. Outpatient specialist
G. Other
2. Did you receive the swab for GOVID-19?
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Negative
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6. Have you been infected by the new SARS-Cov2?
(answer yes only in case of positive swab and/or serology)
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8. Did you receive BCG vaccine?
9. If yes, indicate the year of execution of the vaccine
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