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The bacillus Calmette-Guèrin vaccine (BCG) is a live, attenuated bacterial vaccine that contains the
avirulent tuberculosis strain Mycobacterium bovis. BCG has historically been given to protect against
tuberculosis and, since its introduction in 1921, has been the most widely administered vaccine in the
history of medicine. BCG is considered to be extremely safe, is on the World Health Organization’s
Model List of Essential Medicines for adults 1 and children2 and is given to roughly 100 million children
per year globally3.
A growing body of data suggests that BCG vaccination may have benefits beyond the prevention of
tuberculosis, or “off-target” effects. A 60-year follow up of childhood BCG vaccination in Native
Americans showed that the vaccine has a protective effect against lung cancer 4 and type 2 diabetes5.
Multiple studies have shown other, beneficial, off-target effects of the BCG vaccine, including prevention
of non-tuberculosis-related infections, including upper respiratory infections, and reduced mortality 6-11.
In addition, multiple trials have demonstrated the potential of BCG in the treatment or prevention of
autoimmune diseases, including type 1 diabetes and multiple sclerosis 12-14. New and very preliminary data
suggests large-scale BCG vaccination may have a role in preventing COVID-19 morbidity and mortality
and may explain the variability that has been seen across borders and age groups 15. Collectively, these
studies highlight the potential of BCG vaccines that focus on trained immunity for cross-protection
against diverse respiratory infectious diseases, including COVID-19.
Historically, vaccine design has involved the identification of a perfect antigen that generates long-term T
and B cell memory responses and provides protective immunity upon reencounter with the same
pathogen16. However, this approach takes months to years to develop and has yet to lead to a successful
vaccine against coronaviruses (e.g., SARS or MERS). Since the vast majority of species (more than
95%)17 solely rely on innate immunity for host defense, it is imperative to consider that a critical
evolutionary trait like immunological memory is unlikely to have evolved outside of the innate arm of
immunity throughout the entire spectrum of living organisms. Importantly, the mechanisms involved in
innate memory response (also called trained immunity) arm these cells to be effective against many
infectious diseases18. Epidemiological studies have also shown that vaccination with certain live vaccines
provides heterologous protection against unrelated pathogens 19. For example, BCG vaccination in
newborn children provides protection not only against tuberculosis, but also against respiratory tract viral
infections and neonatal sepsis, and also significantly reduces mortality 20,21. It has also been shown that
BCG vaccination in healthy adults induces trained immunity22 and provides protection against human
experimental models of yellow fever22 and malaria23 infection. Recently, it has been demonstrated that
BCG vaccination alters the epigenetic programming of hematopoietic stem cells, resulting in monocytederived macrophages that provide enhanced protection against pulmonary infection 24,25.
Currently there are at least two BCG clinical trials planned or underway for autoimmunity, one in the
United States in type 1 diabetes (NCT02081326) and one in Italy in radiologically isolated syndrome, a
condition suggestive of multiple sclerosis (NCT03888924). These trials should be of particular of interest
in relation to the COVID-19 epidemic. In particular, participants in the US trial have had frequent, regular
serial blood monitoring in a time period that spans the periods before, during and, eventually, after the
COVID-19 outbreak. Recent BCG vaccinations have been administered in the treatment limb of the US
trial to citizens who are naïve to this vaccine. Two additional type 1 diabetes trials—an open access trial
and a pediatric trial—are planned but await regulatory approval at the FDA and full funding. While
several BCG/COVID-19 clinical trials of “at risk” health workers are starting around the globe, we are

still waiting for approval and funding here in the United States. We need more data and support for these
studies. It is important that governments and disease advocacy groups who have not, to date, funded
studies testing the off-target benefits of the BCG vaccine reverse their course. BCG’s safety profile, ease
of administration and demonstrated potential to prevent upper respiratory infections make it an ideal
candidate to test as an agent for protection against COVID-19 infection and subsequent complications.
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