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Is global BCG vaccination-induced trained immunity relevant to 
the progression of SARS-CoV-2 pandemic?

To the Editor,
In January, WHO Director General Tedros Adhanom Ghebreyesus 
said his “greatest concern” was COVID-19 spreading in coun-
tries with fragile health systems. Although countries like India, 
Philippines, Thailand and Nepal have reported their first confirmed 
cases of the SARS-CoV-2 virus in January, widespread community 
spread have not been reported. Contrary to such justified expecta-
tions/predictions, on 13 March 2020, WHO declared Europe as the 
epicentre of the pandemic. Even though we are still in the midst of 

the coronavirus pandemic, the disproportionately smaller number of 
cases reported from disadvantaged/low-income countries remains 
puzzling. We hypothesize that general BCG vaccination policies 
adopted by different countries might have impacted the transmis-
sion patterns and/or COVID-19-associated morbidity and mortality.

Vaccines provide protection to a particular pathogen by inducing 
effector mechanisms directed to that pathogen. However, certain 
attenuated vaccines like the Bacillus Calmette-Guerin (BCG) can 
also protect against unrelated pathogens, some of which cause acute 
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respiratory tract infections.1,S1-S6 The underlying mechanism for the 
BCG vaccination-induced non-specific protection is thought to be 
mediated via the induction of innate immune memory, or “trained im-
munity,” as was first proposed by Netea and collaborators.2 Trained 
immunity-inducing agents reprogramme bone marrow haematopi-
etic stem cells and multipotent progenitors through epigenetic and 
metabolic changes, resulting in a more robust response in differenti-
ated innate immune cells, following encounter with a pathogen.S7-S8 
Of interest, in a randomized placebo-controlled human study, BCG 
vaccination was demonstrated to induce epigenetic reprogramming 
in monocytes, conferring protection against experimental infection 
with an attenuated yellow fever virus vaccine strain.3

Based on these observations, we hypothesized that countries 
who continue BCG immunization programmes would contain the 
spread of this new coronavirus better than those who did not have 
or have ceased their national BCG vaccination programmes.

To check the validity of this hypothesis, we compared the num-
ber of cases and deaths per million people from all countries with at 
least 500 (23 March) or 1000 cases (29 and 31 March) according to 
their BCG vaccination status (Figure 1A, B and Figure S1 (for updated 
data from 6 April) and Table S1). Cases/million in countries with a 
national BCG vaccination programme were statistically significantly 
lower than those who did not have/ have ceased their national BCG 
vaccination programmes (P < .0001). We also compared the num-
ber of deaths per million. Results showed that COVID-19-associated 
deaths relative to the size of the population were significantly lower 
in countries with a national BCG vaccination programme than those 
without BCG vaccination (P < .0058 and P < .0001 for 23, 29 and 31 
March, respectively). To correct for different stages of the spread of 
disease, we downloaded the data showing the total confirmed deaths 
since the 5th death from Our World in Data website (https://ourwo 
rldin data.org/graph er/covid -confi rmed-death s-since -5th-death). 
Instead of the 5th death as day 0, we chose the 100th death as day 0. 
The total deaths on 14th or 20th day after the 100th death were di-
vided by the population of each country to obtain deaths/million. All 
countries that had data on these days were included, and the com-
parison between the BCG-vaccinated and BCG-unvaccinated popu-
lations was made (Figure 1C). Using this “disease stage normalized” 
data, there was still a highly significant difference between countries 
that adhered to national BCG vaccination policy vs those that had 
ceases/never had a national programme (Figure 1C). If BCG vacci-
nation has a general non-specific protective effect against spread of 
SARS-CoV-2 or COVID-19-associated morbidity and mortality, then 
BCG re-vaccination of populations offer a viable alternative of partial 
protection until a specific vaccine is available. The duration of BCG-
induced trained immunity or how different vaccine strains compare 
in terms of longevity of induced innate memory is not known. Work 
by Netea et al show that the “trained immunity status” is maintained 
for at least a year (the maximum time point they measured).S9 BCG-
induced protection against tuberculosis lasts for approximately 
20 years and wanes thereafter.S10 If one assumes that BCG-induced 
non-specific protective effect also lasts for 20 years and gradually 
wanes, then there should be a difference between countries that 

have stopped BCG vaccination earlier vs later. To assess this possibil-
ity, we analysed data from 13 European countries that have ceased 
their national BCG vaccination programmes (Table S2). According 
to this, 5 countries (Norway, France, Finland, UK and Germany) had 
ceased vaccination in the last 2 decades, whereas 8 countries had 
dropped national BCG vaccination in the last 3-4 decades (Austria, 
Belgium, Switzerland, Denmark, Spain, Netherlands and Sweden) 
or had no national coverage (Italy, represented with an arbitrary 
value of 50). We then downloaded the data representing the daily 
confirmed COVID-19 deaths per million people from OUR World 
in Data website (https://ourwo rldin data.org/graph er/covid -daily 
-death s-traje ctory -per-million) for these 13 countries (Summarized 
in Table S3). We chose the deaths/million on day 7 of the epidemic 
(highlighted in bold in the Table S3) as the time point to compare 
the deaths/million between countries (ie before their health infra-
structure was possibly overwhelmed). Our results demonstrated a 
statistically significant difference in deaths/million on day 7 since 
the daily confirmed deaths reached 0.1/million (Mann-Whitney U 
test; P = .0109) between countries that had ceased vaccination in 
the last 2 vs the last 3-4 decades (Figure 1D). This result suggests 
that BCG vaccination-induced heterologous non-specific protective 
effect could be of long-lasting duration (~20 years) and therefore 
could potentially impact the dynamics of SARS-CoV-2-associated 
community spread and/or disease severity.

There is also the question of which BCG vaccine strain to 
choose. The BCG vaccine strains used by different countries vary 
widely. BCG vaccine was first introduced in 1921, and the seed cul-
tures were distributed to various countries. During their passage, 
BCG strains accumulated genomic alterations, including deletions, 
single-nucleotide polymorphisms and duplications, leading to the 
emergence of several substrains.4 Based on their tandem duplica-
tion variants (DU2), BCG vaccines fall into 4 groups (Figure 2B). The 
DU2-I and DU2-II groups consists of “early” BCG vaccine strains 
(Japan, Russia and Moreau/Brazil), whereas DU2-III and DU2-IV 
are considered as more distant “late” vaccine strains (like Pasteur, 
Denmark and Connaught).4 The strains differ in terms of their 
growth characteristics, biochemistry, immunogenicity and viru-
lence. The late BCG strains are defective in production of cell wall 
methoxymycolic acids and possess only the alpha and ketomycolic 
acids.5 Consistent with this, early BCG strains persist up to 6 months 
in the mesenteric lymph nodes of vaccinated children, whereas no 
live bacteria could be detected in late strain vaccines. Similarly, me-
thoxymycolate-producing early strains are more potent immuno-
stimulating agents than the late strains.6 Mycolic acids can condition 
macrophages to produce higher levels of IFN-γ, myeloperoxidase 
and TNF-α upon renewed exposure to innate triggers.7 Accordingly, 
mycolic acids constitute an important group of ligands capable of 
inducing trained immunity. Methoxymycolic acids are inflammatory 
and can activate macrophages, whereas ketomycolic acids promote 
anti-inflammatory, alternatively activated macrophages.7 Since the 
persistence and immunostimulatory properties of BCG strains differ, 
their potential to induce trained immunity in vaccinated individuals 
could also vary.

https://ourworldindata.org/grapher/covid-confirmed-deaths-since-5th-death
https://ourworldindata.org/grapher/covid-confirmed-deaths-since-5th-death
https://ourworldindata.org/grapher/covid-daily-deaths-trajectory-per-million
https://ourworldindata.org/grapher/covid-daily-deaths-trajectory-per-million
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When we analysed available data on BCG vaccine strains used 
in different countries (Figure 2A, modified from references 8 and 
9), Iran and China emerged as local producers of their own vac-
cines. Evidence suggests that the BCG vaccine strain in Iran is BCG-
Pasteur 1173p2S11 and the one in China is a strain derived from 
Glaxo 1077,S12 representing the most modified and highly attenu-
ated strains deficient of methoxymycolic acids when compared to 

the Japan and Russia strains. It is conceivable that the trained im-
munity induced by the Iran and China BCG vaccine strains are short-
lived compared to older strains widely utilized by other countries.

The lower than expected number of cases detected in countries in 
Asia and Africa with extensive travel and trade links with China might 
stem from the BCG immunization-induced heterologous protective ac-
tivity of the vaccine. Should this hypothesis hold its ground, then there 

F I G U R E  1   Comparison of number of cases/million (A) and deaths/million (B) disease stage normalized deaths/million (C) between 
countries that follow a national BCG immunization programme (blue circles) and those that did not have or have ceased their national BCG 
vaccination programmes. (red squares) (D), Comparison of deaths/million between European countries that had ceased BCG vaccination in 
the last 2 (late) vs the last 3-4 decades (early). Statistical comparison was based on two-tailed Mann-Whitney U test. Coronavirus-related 
statistics were based on data obtained from https://www.world omete rs.info/coron aviru s/ (A and B, according to the latest update on March 
23, 29 and 31) and from Our World in Data (links of data used were provided in the main text of the manuscript)

https://www.worldometers.info/coronavirus/
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would be important repercussions that could save lives. Since BCG vac-
cination was previously demonstrated to prevent acute respiratory tract 
infections even in the elderly, until a specific vaccine is developed, the 
results of clinical trials testing for BCG vaccine as defence against SARS-
CoV-2 could be critical in the fight against the new coronavirus pan-
demic (list of ongoing/planned clinical trials are provided in Table S4).
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F I G U R E  2   A, BCG vaccine strains used worldwide (modified from data presented in References 8 and 9). Countries that have no current 
national BCG vaccination programme are shown in red. Globally used BCG vaccine strains were as follows: Russia (dark blue), locally 
produced strain (grey), Denmark (orange), Japan (light blue), Brazil (purple), Pasteur (yellow) and countries that used more than one strain 
(green). B, Genealogy of BCG vaccine strains. Modified from Brosch et al4



     |  1819LETTERS TO THE EDITOR

Mayda Gursel1

Ihsan Gursel2

1Department of Biological Sciences, Middle East Technical 
University, Ankara, Turkey

2Thorlab, Therapeutic Oligodeoxynucleotide Research 
Laboratory, Department of Molecular Biology and Genetics, 

Ihsan Dogramaci Bilkent University, Ankara, Turkey

Correspondence
Mayda Gursel, Department of Biological Sciences, Middle 

East Technical University, 06800, Ankara, Turkey.
Email: mgursel@metu.edu.tr

ORCID
Mayda Gursel  https://orcid.org/0000-0003-0044-9054 
Ihsan Gursel  https://orcid.org/0000-0003-3761-1166 

R E FE R E N C E S
 1. Kristensen I, Aaby P, Jensen H. Routine vaccinations and child sur-

vival: follow up study in Guinea-Bissau, West Africa. Br Med J. 
2000;321:1435-1438.

 2. Netea MG, Quintin J, van der Meer JW. Trained immunity: a memory 
for innate host defense. Cell Host Microbe. 2011;9:355-361.

 3. Arts RJW, Moorlag SJCFM, Novakovic B, et al. BCG vaccination 
protects against experimental viral infection in humans through the 

induction of cytokines associated with trained immunity. Cell Host 
Microbe. 2018;23:89-100.

 4. Brosch R, Gordon SV, Garnier T, et al. Genome plasticity of 
BCG and impact on vaccine efficacy. Proc Natl Acad Sci USA. 
2007;104:5596-5601.

 5. Behr MA, Schroeder BG, Brinkman JN, Slayden RA, Barry CE 3rd. 
A point mutation in the mma3 gene is responsible for impaired me-
thoxymycolic acid production in Mycobacterium bovis BCG strains 
obtained after 1927. J Bacteriol. 2000;182:3394-3399.

 6. Hayashi D, Takii T, Fujiwara N, et al. Comparable studies of immu-
nostimulating activities in vitro among Mycobacterium bovis bacil-
lus Calmette-Guérin (BCG) substrains. FEMS Immunol Med Microbiol. 
2009;56:116-128.

 7. Vander Beken S, Al Dulayymi JR, Naessens T, et al. Molecular struc-
ture of the Mycobacterium tuberculosis virulence factor, mycolic 
acid, determines the elicited inflammatory pattern. Eur J Immunol. 
2011;41:450-460.

 8. Ritz N, Curtis N. Mapping the global use of different BCG vaccine 
strains. Tuberculosis. 2009;89:248-251.

 9. Zwerling A, Behr MA, Verma A, Brewer TF, Menzies D, Pai M. The 
BCG World Atlas: a database of global BCG vaccination policies and 
practices. PLoS Medicine. 2011;8(3):e1001012.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

COVID-19, chronic inflammatory respiratory diseases and 
eosinophils—Observations from reported clinical case series

To the Editor,
Currently, the world is facing a global pandemic with a new coro-

navirus SARS-CoV-2 (severe acute respiratory syndrome coronavi-
rus type 2) causing infectious disease named COVID-19 (coronavirus 
infectious disease 2019). Comparing the clinical presentation and 
epidemiological characteristics of COVID-19 with previous coro-
navirus-associated respiratory diseases (SARS-CoV1 and MERS) 
revealed some remarkable findings and differences. Moreover, the 
clinical course of SARS-CoV-2 infection showed the complexity of 
COVID-19 profile with the variable clinical presentations.1 Recently 
published clinical reports tried to identify possible risk factors re-
sulting in a higher incidence of COVID-19 infection associated with 
complications and a severe disease. It seems that elderly people and/
or immune-compromised individuals are at the highest risk while 
males showed higher mortality rate.2 Other important risk factors 
include various comorbidities affecting 34.9 to79.3% of COVID-19 
patients.3,4 Several authors observed that the severity of its clinical 
manifestation is associated with certain individual characteristics 

of the infected patients. In general, pre-existing chronic respiratory 
conditions (including bronchial asthma, COPD, bronchiectasis) are 
reported only in a small proportion of patients.3,5-8 This is in contrast 
with the other respiratory viral infections (eg influenza, rhinovirus), 
which are typically affecting allergic patients and those with chronic 
respiratory diseases. In a group of 140 patients from Wuhan (China), 
comorbidities were noted in 79.3% of severe patients (hypertension 
in 37.9%; diabetes mellitus in 13.8%; liver diseases in 6.9%; coronary 
heart diseases in 6.9%; and COPD in 3.4%) and in 53.7% of non-
severe patients (hypertension in 24.4%; diabetes mellitus in 11.0%; 
liver disease in 5.0%; and coronary heart diseases in 3.7%; COPD in 
0%).4 Other chronic diseases (eg chronic gastritis, arrhythmia and 
thyroid disease) were observed in less than 5.7% of all the patients. 
Interestingly, none of the COVID-19 patients in Wuhan, regardless 
the disease severity, reported bronchial asthma, allergic rhinitis or 
atopic dermatitis,4 while the prevalence of allergic airway diseases 
in Wuhan is 4.2% (asthma) and 9.7% (allergic rhinitis), respectively 
[S9,S10].
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