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LETTER

Acute lymphoblastic leukemia

Regional BCG vaccination policy in former East- and West Germany
may impact on both severity of SARS-CoV-2 and incidence
of childhood leukemia
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To the Editor:

We read with great interest the recent thorough study from
Miller et al. [1], who reported a beneficial impact of early
Bacillus Calmette–Guérin (BCG) vaccination, and linked
morbidity and mortality due to SARS-CoV-2 with BCG
vaccination policy. They found that countries without poli-
cies of universal BCG vaccination (like Italy, the Nether-
lands, or the United States) have been more severely affected
compared with countries with universal and long-standing
BCG policies. Since senior citizens are particularly sensitive
to COVID-19, newborn vaccination programs implemented
in the 1940s and 1950s should be the most beneficial. Thus,
we were impressed by the linear correlation between the year
of the establishment of universal BCG vaccination and the
mortality rate presented by Miller et al. [1]. In our view, this
is a convincing argument for the hypothesis that the earlier
the vaccination policy was established, the larger the segment
of the elderly population being protected.

We would like to make the scientific community aware of
a unique historical circumstance in Germany, where divergent
BCG vaccination policies existed in the politically divided
country (1949–1989) before German reunification in 1990. In
East Germany, BCG vaccination programs were established

by the communist government in 1951, and soon became
compulsory in 1953, leading to near-universal (99.8%) BCG
vaccination of newborns by day 3. By contrast, voluntary
BCG vaccination (recommended since 1955) was far less
common in West Germany, due to low incidence of the
disease after the Second World War. In early years, only
7–20% of all newborns became BCG-vaccinated in Western
Germany, with almost complete cessation of vaccination
between 1975 and 1977 (Fig. 1a). Thus, we believe that the
comparison of morbidity and mortality of SARS-CoV-2
would be particular informative in the light of the rather
uniform genetic, social, and cultural background. Here, we
record those data in formerly East and West German federal
states (excluding Berlin, Fig. 1b). Our observations strongly
support the analysis from Miller et al., and point toward BCG
vaccination having a protective effect. We did not observe a
significant difference in the lethality of SARS-CoV-2; once
people became infected, the course of disease is not sig-
nificantly different between formerly East and West German
parts of the reunified country. It is fair to conclude that,
30 years after German reunification, the standard of intensive
care has been completely harmonized throughout the country,
and at the time of our analysis, the health care system in
Germany still had large capacities. Besides BCG vaccination,
we cannot exclude other factors influencing morbidity and
mortality, e.g., the speed of the pandemic spread, differences
in the social behavior, or the potentially greater likelihood of
being infected with SARS-CoV-2 in the larger cities of
Western Germany. We also acknowledge the fact that statis-
tical correlation does not prove causation, but SARS-CoV-2
testing capacities, a frequent confounding factor when com-
paring different populations across countries, were early on
expanded to far more than 100,000/day (end of March 2020)
all over Germany. Furthermore, demographic characteristics
show that relatively more elderly people live in East Germany
than in West Germany. The age distribution shows that the
proportion of people above 64 years of age is generally higher
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in Eastern federal states formerly belonging to the German
Democratic Republic (GDR) [2]. Thus, age-wise, the popu-
lation with a greater risk to succumb due to COVID-19 is
even more abundant in East, compared with West Germany.

We would like to remind readers that a correlation
between BCG vaccination and reduced disease risk beyond
tuberculosis has long been suspected. In particular, many
older studies link BCG vaccination to a lower cancer risk,
and there was even an international symposium held in 1982
entitled “BCG Vaccination against Cancer and Leukemia”
(Chicago). Mortality related to childhood leukemia was
reported to be significantly reduced in a retrospective study
of 54 414 BCG-vaccinated versus 172 986 non-vaccinated
infants in Chicago [3]. The question was brought up again in
1978 in a meta-analysis of Rosenthal’s data, and two other
cohorts confirmed the initial observation [4]. With respect to
childhood leukemia, the potentially beneficial effects of the
East German BCG vaccination program were also reported
by Spix et al. [5]. The authors compared the rate of child-
hood leukemia before and after German reunification.
Somewhat counterintuitively, the rate of childhood leukemia
was clearly lower in the former GDR (East Germany) with
3/100,000 children compared with 3.7/100,000 in former
West Germany, but reached West German levels ~8 years
after reunification with four cases of acute lymphoblastic
leukemia (ALL)/100,000 children below 15 years of age. It
should be emphasized that cancer registries were exemplary
in the former GDR, and thus this “catch-up effect” cannot be

attributed to poor registration. In addition, meta-analysis of
several epidemiological studies has shown that protection
from childhood ALL, the most common malignancy in
children, is observed only when children are vaccinated with
BCG very early in life (<3 months) [6].

In recent years, a new immunological concept—trained
immunity—has emerged, improving our understanding of
the role of BCG vaccination in shaping the innate immune
memory response. Innate immune cells, such as macro-
phages, monocytes, or NK cells, can change their epigen-
ome after exposure to infection, vaccination, or other
stressors, which modifies their expression profile and cell
physiology [7]. BCG vaccination in particular, educates
hematopoietic stem cells and generates trained monocytes
and macrophages [8]. In a double-blinded, placebo-
controlled study with healthy male subjects who were
challenged by attenuated Yellow Fever Virus after having
received a BCG vaccine or placebo, the viremia was sig-
nificantly lower in the vaccinated group [9]. Besides
infection with SARS-CoV-2 and childhood ALL, there may
be many other malignant and nonmalignant, e.g., infectious
diseases for which measures that augment our innate
immune responses are beneficial [10, 11]. However, it
remains unclear to date whether BCG vaccination across
different age groups, e.g., newborns, adolescents, young,
and elderly people, has uniformly the same beneficial effect.

With regard to the current SARS-CoV-2 pandemic situa-
tion, we fully support the idea of implementing controlled
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Fig. 1 Morbidity and mortality due to SARS-CoV-2. a Vaccination
policy in East and West Germany. When BCG vaccination was first
introduced against tuberculosis in Germany (in the city of Lübeck) in
1930, tragically 131 newborns fell ill, and 77 died due to a contamination
of the vaccine with virulent tubercle bacilli. This was the greatest
vaccination disaster of the twentieth century, and delayed introduction of

BCG vaccination in Germany till after World War II. b Morbidity and
mortality due to SARS-CoV-2 in federal states formerly belonging to
East and West Germany, excluding Berlin. Data were extracted
from Johns Hopkins University (as per 28.4.2020). Population
numbers were extracted for the federal states as per December 2018
(www.statista.com). p-values were calculated using the Studentʼs t-test.
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clinical trials for BCG vaccination, as already started by
Curtis et al. [12]. Only well-controlled clinical trials may
prove a benefit of this old vaccine that was developed by the
two French immunologists almost 100 years ago. Low- and
medium-income regions like Africa or India may benefit
mostly if such trials prove a clinical benefit, at least until
a specific and effective SARS-CoV-2 vaccine becomes
available.

Acknowledgements JH was supported by DJCLS 02R/2016, ERA-
PERMED 2018-2019 “GEPARD” and ERCStg 852222 “PreventALL”.
AB and UF were supported by DJCLS 02R/2016 and DJCLS 21R/2019,
respectively. Open access funding provided by Projekt DEAL.

Author contributions JH designed the research, analyzed the data, and
wrote the paper. UF wrote the paper. FA analyzed the data, performed
the research, and wrote the paper. AB designed research, analyzed the
data, and wrote the paper.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Miller A, Reandelar MJ, Fasciglione K, Roumenova V, Li Y,
Otazu GH. Correlation between universal BCG vaccination policy
and reduced morbidity and mortality for COVID-19: an epide-
miological study. medRxiv. 2020; preprint at https://doi.org/10.
1101/2020.03.24.20042937.

2. Statistisches Bundesamt. Statistisches Jahrbuch, Deutschland und
Internationales. 2017;32.

3. Rosenthal SR, Crispen RG, Thorne MG, Piekarski N, Raisys N,
Rettig PG. BCG vaccination and leukemia mortality. J Am Med
Assoc. 1972;222:1543–4.

4. Ambrosch F, Krepler P, Wiedermann G. The effect of neonatal
BCG vaccination on the incidence of leukemia (author’s transl).
MMW, Munch medizinische Wochenschr. 1978;120:243–6.

5. Spix C, Eletr D, Blettner M, Kaatsch P. Temporal trends in the
incidence rate of childhood cancer in Germany 1987-2004. Int J
Cancer. 2008;122:1859–67.

6. Morra ME, Kien ND, Elmaraezy A, Abdelaziz OAM,
Elsayed AL, Halhouli O, et al. Early vaccination protects against
childhood leukemia: a systematic review and meta-analysis. Sci
Rep. 2017;7:15986.

7. Netea MG, Joosten LA, Latz E, Mills KH, Natoli G, Stunnenberg
HG, et al. Trained immunity: a program of innate immune
memory in health and disease. Science. 2016;352:aaf1098.

8. Kaufmann E, Sanz J, Dunn JL, Khan N, Mendonca LE, Pacis A,
et al. BCG educates hematopoietic stem cells to generate
protective innate immunity against tuberculosis. Cell. 2018;172:
176–190 e119.

9. Arts RJW, Moorlag S, Novakovic B, Li Y, Wang SY,
Oosting M, 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 e105.

10. Stevens WB, Netea MG, Kater AP, van der Velden WJ. ‘Trained
immunity’: consequences for lymphoid malignancies. Haemato-
logica. 2016;101:1460–8.

11. Mulder WJM, Ochando J, Joosten LAB, Fayad ZA, Netea MG.
Therapeutic targeting of trained immunity. Nat Rev Drug Discov.
2019;18:553–66.

12. Curtis N, Sparrow A, Ghebreyesus AT, Netea MG. Considering
BCG vaccination to reduce the impact of COVID-19. Lancet.
2020;395:1545–6.

Regional BCG vaccination policy in former East- and West Germany may impact on both severity of. . . 2219

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1101/2020.03.24.20042937
https://doi.org/10.1101/2020.03.24.20042937

	Regional BCG vaccination policy in former East- and West Germany may impact on both severity of SARS-CoV-2 and incidence of�childhood leukemia
	To the Editor:
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




