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Bacille Calmette-Guérin (BCG) vaccine is proven to be effective in protecting against severe tuberculosis.
It has been suggested to be able to exert a non-specific beneficial effect as protection against other infec-
tious diseases. The duration of protection against tuberculosis is estimated to be from 10 to 15 years, but
the duration of the protection against other infections is not known, maybe up to 20 years, maybe much
shorter than that. We don’t know it for sure. BCG induced trained immunity paradigm is based on exper-
imental models, cohort studies with low number of individuals, and some epidemiological data in which
other possible interfering factors are not controlled. The titles and scopes of scientific articles should be
cautiously considered as they can promote indications of getting vaccinated or revaccinated with BCG,
before its effectiveness is confirmed and recommendations are published. Besides, revaccination with
BCG can put at serious risk patients with primary or secondary immunodeficiency. Maybe BCG vaccine
is effective in preventing COVID-19 deaths or reducing its severity, but may the effect of this vaccine
be relevant even with poor health politics and assistance? It is very difficult to compare the epidemiologic
data about COVID-19 in different countries. There are countless factors, mainly social and related to the
healthcare system, which can be more decisive than the hypothesis of trained immunity induced by BCG.
Until now, we can say that BCG’s protective role is, at least, insufficient, given many other factors that
corroborate SARS-CoV-2 infection and/or its severity.
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Bacille Calmette-Guérin (BCG) vaccine is proven to be effective
in protecting against severe tuberculosis. It has been suggested to
be able to exert a non-specific beneficial effect as protection
against other infectious diseases [1]. This increase in the immuno-
genicity against other microorganisms is considered to be medi-
ated by heterologous effects on adaptive immunity, like T cell-
mediated cross-reactivity as well as mediated by trained immu-
nity, a nonspecific metabolic and epigenetic reprogramming, facil-
itating the subsequent effector response to the first contact with
other antigens [2].

Trained immunity is a de facto innate immune system memory.
The concept involves a biological process in which enhanced
inflammatory and antimicrobial properties of innate immune cells
triggers an increased non-specific response to subsequent endoge-
nous or exogenous stimuli. This process would be mediated by epi-
genetic programming of transcriptional pathways rather than
genetic recombination as with adaptive immunity. Some authors
have identified that BCG immunization can be very advantageous
when it comes to host defense to infectious agents, especially res-
piratory tract infections [3], but this was not confirmed by other
authors [4]. On the other hand, trained immunity induced by
BCG could be detrimental when it comes to chronic inflammatory
and immune-mediated diseases [5]. This has been proposed as a
mechanism for subsequent pulmonary disease in children with
severe respiratory syncytial virus (RSV) infections in early life [6]
or a mechanism why other infections can determine susceptibility
to unrelated diseases [7]. The duration of protection against tuber-
culosis is estimated to be from 10 to 15 years [8], but the duration
of the protection against other infections is not known, maybe up
to 20 years [9], maybe much shorter than that [10]. We just don’t
know it for sure.

Covián et al. [11] analyzed the number of cases and deaths of
COVID-19 in different countries and correlated them with their
national vaccination programs and concluded that those countries
where BCG vaccination is widely given at birth have shown a lower
contagion rate and fewer COVID-19-related deaths. The same pro-
posal was published by Gursel & Gursel [9]. Many other non-peer
reviewed manuscripts became available online presenting similar
data. It is important to note that an epidemiological association
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does not prove the existence of a causal relationship [10]. In addi-
tion, most of these papers were available at the beginning of the
pandemic (April 2020) or compared countries where the pandemic
had started at different times.

An ecological study with careful methodology was published
online at the end of July 2020, demonstrating that the rate of
increase in confirmed cases and deaths in the first 30 days of the
epidemic in each country was significantly lower in countries
where there was ample vaccination by BCG until the year 2000
[12]. The authors considered that differences between countries
in terms of quality the information provided by the authorities
and / or availability of tests would have remained stable during
this period, which would eliminate this bias. However, this cannot
be taken for granted. In addition, there were significant unex-
plained differences between the rate of increase in cases and
deaths among countries with wide BCG vaccination. The authors
mention some relevant points: that previous studies had method-
ological weaknesses and that it is not known whether BCG would
be effective also in adults or for how long BCG would be effective
against SARS-CoV-2 [12].

Escobar et al [13] published a study in which they refined the
epidemiological analysis and showed that, by mitigating the con-
founding factors, there is a strong correlation between BCG index
and COVID-19 mortality in different socially similar European
countries. However, this is not the real life.

On the other hand, a recent systematic review presented a seri-
ous warning: ‘‘Stop playing with data: there is no sound evidence
that Bacille Calmette-Guérin vaccine may avoid SARS-CoV-2 infec-
tion” based mainly on low quality of the studies and no inclusion of
confounding factors [14].

A cohort study conducted in Israel, with reliable data on almost
600,000 people, found that BCG vaccine had no protective effect on
COVID-19 [15]. Meena et al [16] didn’t find a significant or consis-
tent relationship between BCG immunization rates and COVID-19
burden. Aksu et al [17] conducted a retrospective cross-sectional
study in patients diagnosed with COVID-19 pneumonia, comparing
severity in groups of BCG vaccinated and non-vaccinated individu-
als. They found that BCG vaccination is not associated with pneu-
monia severity and that age and low income are the main
determinants of severe COVID-19 pneumonia [17]. Nonetheless,
all these studies were done in adults, with median age of above
35 y.o., long after BCG immunization. Even if we consider a dura-
tion of action through trained immunity of 20 years, one cannot
be surprised at the lack of benefit of BCG.

Since 1927, Brazil has administered the oral BCG vaccine and
since 1974, the intradermic one. It has been mandatory in the first
few months after being born since 1976, which places us among
countries that have had above 90% vaccination coverage for several
decades.

November 2020, Brazil recorded a frightening number of con-
firmed cases, more than 6 million, and more than 170,000 deaths,
predominantly affecting elderly individuals. Nonetheless, people
below 20 years of age have not been spared (0,66% of deaths) [18].

We are aware of the reports’ limitations involved, in part
because of the absence of confirmatory tests, particularly in non-
hospitalized cases in many countries. Despite that, we want to
draw attention to epidemiological data of the other two epicenters
of COVID-19 pandemic and in United Kingdom (UK). In the United
States of America (USA), where there is no BCG vaccination, on
November 2020 CDC report, 0,2% of deaths occurred in under 18
y.o. group [19]. In India, where BCG vaccination has been taking
place since the 1980 s, the mortality rate is lower than in Brazil
(more than 9 million cases and almost 135,000 deaths) and 2% of
deaths occurred in persons under 26 years of age [20]. In UK,
BCG vaccination began in 1953, but universal immunization with
BCG was stopped in 2005, so individuals less than 15 y.o. did not
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received BCG. The percentage of deaths in the less than 19 y.o.
group in U.K. is 0,06% [21].

The argument that countries with high BCG vaccine coverage
would present a more favorable situation in relation to COVID-19
is not supported by these epidemiological data. In fact, a careful
look at this data could even suggest that the BCG vaccination
may have a detrimental effect, perhaps increasing the inflamma-
tion caused by SARS-CoV-2 infection.

A booster dose of the BCG vaccine to be given to individuals
aged 6 to 14 years was implemented by the Ministry of Health in
Brazil in 1994. Adverse reactions to the BCG vaccine are not com-
mon, but increased frequency of adverse effects compared to the
first dose of the vaccine was observed in Brazil [22]. In view of
the lack of evidence in international and Brazilian studies of
increased protection against tuberculosis by the use of this second
dose, its application was suspended in 2006 in our country. Revac-
cination with BCG can put at serious risk patients with primary or
secondary immunodeficiency [23]. It can bring significant risks
also for unidentified HIV positive patients.

We are experiencing nowadays a true ‘‘infodemic” associated to
COVID-19 pandemic and we need to deal with it by sharpening our
critical analysis. The titles and scopes of scientific articles should
be cautiously considered as they can promote indications of get-
ting vaccinated or revaccinated with BCG, before its effectiveness
is confirmed and recommendations are published.

It is important to note that the BCG trained immunity paradigm
is based on experimental models, cohort studies with low number
of individuals, and some epidemiological data in which other pos-
sible interfering factors are not controlled. The possibility that BCG
vaccination could facilitate the long-term immune response to
other pathogens is fascinating. Experimental models transferred
from the lab to the bed can be useful. However, this hypothesis
needs to be verified in real-life trough robust clinical and epidemi-
ological studies. Besides that, it may be real, but it can be a tran-
sient phenomenon, of short duration or weak effect.

Maybe BCG vaccine is effective in preventing COVID-19 deaths
or reducing its severity, but may the effect of this vaccine be rele-
vant even with poor health politics and assistance? It is very diffi-
cult to compare the epidemiologic data about COVID-19 in such
different countries. There are differences in demographic and
genetic structure of populations as well as many differences in
the non-pharmaceutical interventions adopted. There are count-
less other factors, mainly social and related to the healthcare sys-
tem, which can be more decisive than the hypothesis of trained
immunity induced by BCG. Until now, we can say that BCG’s pro-
tective role is, at least, insufficient, given many other factors that
corroborate SARS-CoV-2 infection and/or its severity. Randomized
clinical trials with appropriate methodology are needed before the
use of BCG on a large scale is recommended.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

References

[1] Angelidou A, Diray-Arce J, Conti MG, Smolen KK, van Haren SD, Dowling DJ,
et al. BCG as a Case Study for Precision Vaccine Development: Lessons From
Vaccine Heterogeneity, Trained Immunity, and Immune Ontogeny. Front
Microbiol 2020;11:332.

[2] Netea MG, Dominguez-Andres J, Barreiro LB, Chavakis T, Divangahi M, Fuchs E,
et al. Defining trained immunity and its role in health and disease. Nat
RevImmunol 2020;20(6):375–88.

[3] Tavares Cruz C, Almeida B, Troster E, Oliveira C. Systematic Review of the Non-
Specific Effects of Bacillus Calmette-Guérin Vaccine on Child Mortality. J
Infectious Diseases Treatment 2017;03(02):1–8.

http://refhub.elsevier.com/S0264-410X(20)31593-0/h0005
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0005
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0005
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0005
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0010
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0010
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0010
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0015
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0015
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0015


E. Sarinho, E. Goudouris and D. Solé Vaccine 39 (2021) 460–462
[4] Stensballe LG, Ravn H, Birk NM, Kjaergaard J, Nissen TN, Pihl GT, et al. BCG
Vaccination at Birth and Rate of Hospitalization for Infection Until 15 Months
of Age in Danish Children: A Randomized Clinical Multicenter Trial. J Pediatric
Infect Dis Soc 2019;8(3):213–20.

[5] Wlodarczyk M, Druszczynska M, Fol M. Trained Innate Immunity Not Always
Amicable. Int J Mol Sci 2019;20(10):2565.

[6] Malinczak CA, Lukacs NW, Fonseca W. Early-Life Respiratory Syncytial Virus
Infection, Trained Immunity and Subsequent Pulmonary Diseases. Viruses
2020;12(5):505.

[7] Rakebrandt N, Joller N. Infection History Determines Susceptibility to
Unrelated Diseases. BioEssays 2019;41(6):e1800191.

[8] Nguipdop-Djomo P, Heldal E, Rodrigues LC, Abubakar I, Mangtani P. Duration
of BCG protection against tuberculosis and change in effectiveness with time
since vaccination in Norway: a retrospective population-based cohort study.
Lancet Infect Dis 2016;16(2):219–26.

[9] Gursel M, Gursel I. Is global BCG vaccination-induced trained immunity
relevant to the progression of SARS-CoV-2 pandemic?. Allergy 2020;75
(7):1815–9.

[10] Kumar J, Meena J. Demystifying BCG Vaccine and COVID-19 Relationship.
Indian Pediatr 2020;57(6):588–9.

[11] Covian C, Retamal-Diaz A, Bueno SM, Kalergis AM. Could BCG Vaccination
Induce Protective Trained Immunity for SARS-CoV-2?. Front Immunol
2020;11:970.

[12] Berg MK, Yu k, Salvador CE, Melani I, Kitayama S. Mandated Bacillus Calmette-
Guérin (BCG) vaccination predicts flattened curves for the spread of COVID-19.
Sci Adv. 2020. Available from: https://advances.sciencemag.org/content/6/32/
eabc1463 Access in 2 August 2020.

[13] Escobar LE, Molina-Cruz A, Barillas-Mury C. Proceedings of the National
Academy of Sciences 2020:17720–6.

[14] Ricco M, Gualerzi G, Ranzieri S, Bragazzi NL. Stop playing with data: there is no
sound evidence that Bacille Calmette-Guerin may avoid SARS-CoV-2 infection
(for now). Acta Biomed. 2020;91(2):207–13.
462
[15] Hamiel U, Kozer E, Youngster I. SARS-CoV-2 Rates in BCG-Vaccinated and
Unvaccinated Young Adults. JAMA 2020;323(22):2340–1.

[16] Meena J, Yadav A, Kumar J. BCG Vaccination Policy and Protection Against
COVID-19. Indian J Pediatr 2020;87(9):749.

[17] Aksu K, Naziroglu T, Ozkan P. Factors determining COVID-19 pneumonia
severity in a country with routine BCG vaccination. Clin Exp Immunol
2020;202(2):220–5.

[18] Ministério da Saúde. BOLETIM EPIDEMIOLÓGICO ESPECIAL-Doença pelo
Coronavírus COVID-19 - Semana Epidemiológica 44 (25-31/10). Brasil:
Ministério da Saúde do Brasil; 2020. Available from: https://www.gov.br/
saude/pt-br/media/pdf/2020/novembro/13/
boletim_epidemiologico_covid_38_final_compressed.pdf/ Access 25
November 2020.

[19] Center of Disease Control and Prevention COVID Data Tracker. Available from
https://covid.cdc.gov/covid-data-tracker/index.html#demographics13. Access
in 25 November 2020.

[20] Forbes India. News by Numbers: India’s Covid-19 fatalities, by age. Available
from https://www.forbesindia.com/article/news-by-numbers/news-by-
numbers-indias-covid19-fatalities-by-age/63519/1 Access 25 November 2020.

[21] National Health System. COVID-19 Daily Deaths. Available from: https://www.
england.nhs.uk/statistics/statistical-work-areas/covid-19-daily-deaths/ Access
in 25 November 2020.

[22] Dourado I, Rios MH, Pereira SM, Cunha SS, Ichihara MY, Goes JC, et al. Rates of
adverse reactions to first and second doses of BCG vaccination: results of a
large community trial in Brazilian schoolchildren. Int J Tuberc Lung Dis 2003;7
(4):399–402.

[23] Fekrvand S, Yazdani R, Olbrich P, Gennery A, Rosenzweig SD, Condino-Neto A,
et al. Primary Immunodeficiency Diseases and Bacillus Calmette-Guerin
(BCG)-Vaccine-Derived Complications: A Systematic Review. J Allergy Clin
ImmunolIn practice 2020;8(4):1371–86.

http://refhub.elsevier.com/S0264-410X(20)31593-0/h0020
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0020
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0020
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0020
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0025
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0025
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0030
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0030
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0030
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0035
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0035
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0040
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0040
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0040
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0040
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0045
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0045
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0045
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0050
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0050
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0055
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0055
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0055
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0065
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0065
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0070
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0070
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0070
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0075
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0075
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0080
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0080
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0085
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0085
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0085
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0110
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0110
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0110
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0110
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0115
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0115
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0115
http://refhub.elsevier.com/S0264-410X(20)31593-0/h0115

