JIM

doi: 10.1111/joim.13198

On the relationship between BCG coverage and national
COVID-19 outcome: could ‘heterologous’ herd immunity
explain why some countries are hetter off?

M. Lerm

From the, Division of Inflammation and Infection, Department of Biomedical and Clinical Sciences, Faculty of Medicine and Health Sciences,

Linkoping University, Linképing, Sweden

Abstract. Lerm M (Faculty of Medicine and Health
Sciences, Linkoping University, Linkoping, Sweden).
On the relationship between BCG coverage and
national COVID-19 outcome: could ‘heterologous’
herd immunity explain why some countries are
better off? (Perspective). J Intern Med, 2020; 288:
682-688. https://doi.org/10.1111/joim.13198

The COVID-19 pandemic has affected most parts of
the global society since its emergence, and the
scientific community has been challenged with
questions urgently demanding answers. One of
the early hypotheses on COVID-19 outcome was
that some protection could be offered by the
tuberculosis vaccine (BCG), and several clinical
studies were initiated along with the emergence of
numerous observational studies on the

relationship between BCG and COVID-19 severity.
In the present work, I demonstrate a strong corre-
lation between the number of years that countries
implemented BCG vaccination plans and age-stan-
dardized mortality rates during the first months of
the pandemic in Europe. Further analyses of age
groups in two European countries with comparably
few confounding factors and easily identifiable
groups of BCG-vaccinated and non-vaccinated
subgroups suggest a population-level effect of
BCG on national outcomes of COVID-19. This
phenomenon of ‘heterologous herd immunity’
deserves further investigation, both in epidemio-
logical and experimental studies.

Keywords: infectious disease, vaccine, virology, im-
munology.

The emergence of the COVID-19 pandemic

During the first months of 2020, a novel coron-
avirus causing severe acute respiratory syndrome
(SARS) spread to cause a pandemic of historical
impact. The disease, termed coronavirus disease-
19 (COVID-19), emerged in 2019 in Wuhan, China,
possibly through a species jump of coronavirus
with origin in bats [1]. Most people experience no or
mild symptoms [2]; however, for reasons that are
not clarified, individuals belonging to certain risk
groups such as diabetes patients and patients with
cardiovascular disease may develop severe disease
[3, 4]. Severe COVID-19 is associated with a
cytokine storm causing acute respiratory distress
syndrome associated with cardiovascular effects
including an increased risk of thrombosis (re-
viewed in [5]). Studies are emerging that charac-
terize the immune responses in COVID-19, and in
severe cases, lymphopenia accompanied by
increased viral load triggering a cytokine storm
seems to precede a rapid deterioration of the

condition [6]. At the same time, a robust T-cell
response seems to be associated with mild disease
[7]. The genetic, epigenetic, immunological and
physiological determinants of individual COVID-
19-infected subjects’ prognoses remain elusive.
Clearly, population-level differences have been
observed during the early phase of the pandemic,
with different countries having a highly variable
disease burden reflected in COVID-19-related hos-
pitalizations and deaths [8]. This observation holds
true even when accounting for many confounders
such as the countries’ healthcare systems, general
health status and life expectancy of the population
as well as different pandemic prevention strategies
[8].

COVID-19, BCG and trained immunity

In February 2020, clinical studies were initiated to
investigate the potential effect of Bacillus Cal-
mette-Guérin (BCG) vaccination on COVID-19 [9].
The rationale behind these studies is that the BCG
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vaccine, along with other live vaccines, has been
demonstrated to induce trained immunity, which
is based on epigenetic reprogramming of the
immune system [10-12] that results in its fine-
tuning to protect against severe infections that can
be unrelated to the immune-training agent (e.g.
BCG, B glucans from Candida albicans) [11, 13].
These studies are underway, and until a possible
causal relationship between BCG vaccination and
a mild course of COVID-19 is established, it can
only be studied in observational approaches. Such
studies have suggested a strong relationship
between national BCG vaccination policies and
the COVID-19 disease burden in different coun-
tries [9, 14-16]. However, these findings are still
controversial [17-19].

An early study from the 1940s showed that the all-
cause mortality in children was significantly
reduced after introduction of BCG in Sweden [20].
Most of the effect could not be explained by reduc-
tion of tuberculosis (TB), against which the vaccine
was intended. This finding has been confirmed in
several recent international studies [21-23], and
other live vaccines such as measles and yellow fever
vaccines have been demonstrated to have similar
effects [24]. This heterologous immunity induced
through BCG can be viewed as targeted priming of
immunological responses, so that a second micro-
bial challenge will result in a more powerful and
tailored counterstrike by the immune system [10,
11, 25]. The trained immunity concept has been
best characterized in monocytes and macrophages,
with enhanced release of cytokines and chemokines
in response to a secondary stimulus [11] and an
improved antimicrobial defence [10, 11]. Evidence
exists that the epigenetic reprogramming also takes
place in T cells, B cells and NK cells [10, 25] but the
function in these cells is poorly understood. A role
for epigenetically rewired T cells in directing and
priming the immune memory of macrophages has
been suggested [26].

Navigating around confounders to explore a possible BCG-COVID-
19 relationship

Given the documented ability of BCG to induce
trained innate immunity, it would not be surpris-
ing if the vaccine also provides some level of
protection against COVID-19. Numerous con-
founders may influence the validity of studies
comparing the COVID-19 pandemic outcome in
different populations and countries, including dif-
ferent management and testing strategies,

reporting of confirmed cases, COVID-19-related
hospitalizations or death rates [27]. Instead, a
more reliable measure for early phase pandemic
outcomes could be the all-cause mortality relative
to previous years, as, for example, the seasonal flu
is reflected in the all-cause mortality during the
winter months in many countries [28-30]. Also,
limiting analyses to regions with comparable
national public health policies, societal organiza-
tion and life expectancy should be considered, and
Europe provides a good example for that [16].

The recommendations of neonatal BCG vaccina-
tion vary greatly amongst the national vaccine
plans (NVP) of European countries. Whilst many
countries, especially in Eastern Europe where
tuberculosis is still relatively prevalent, have
retained BCG in their NVPs (hereafter referred to
as BCG-NVPs), a number of countries stopped the
broad use of BCG in the 1980s as TB rates dropped
[31]. Some countries never had BCG in the NVPs
including Italy, Belgium and the Netherlands.

To investigate a possible relationship between
BCG-NVPs and excess mortality, I extracted data
on the all-cause mortality of 17 European coun-
tries (Table 1), which were selected on the avail-
ability of BCG-NVP history and complete records in
a recent report by the Office for National Statistics
in the UK [32]. This report on age-standardized
mortality rates in Europe at the beginning of 2020
clearly demonstrated an effect of COVID-19 on
excess mortality in many European countries [32].

The data on BCG-NVP vaccination policies were
from the ‘BCG atlas’ 2" Edition [33] and validated
through communication with staff/search at the
countries’ public health authorities’ web pages or
other available documentation. UK and Norway
have never had newborns in the BCG-NVP [34,35].
To avoid the parameter of age at BCG administra-
tion, which has been demonstrated to affect vac-
cine efficacy [9], these countries were excluded
from the present analysis.

Through inspection of the week-by-week mortality
in the countries listed in Table 1 during early 2020,
calendar week 10 through 24 were selected for the
analysis as representative for the first wave of the
COVID-19 pandemic [32]. To compare the mortal-
ity during these weeks to that of previous years, I
averaged the weekly mortality during these weeks
and divided it by the corresponding average of
previous years (2015-2019). The emerging relative
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Table 1 Usage of BCG in European NVPs for young children and the relative age-standardized mortality rates (means from

calendar weeks 10-24 in year 2020 vs. the means of 2015-2019 during the same period)

Country Two-letter code BCG-NVP initiation BCG-NVP discont. Years of BCG-NVP Relative mortality
Austria AT 1952 1990 38 1.08
Belgium BE Never - 0 1.55
Bulgaria BG 1951 ongoing 69 0.93
Czech Rep. CZ 1953 2010 57 0.98
Denmark DK 1946 1986 40 1.00
Estonia EE 1947 ongoing 73 1.01
Finland FI 1941 2006 65 1.04
France FR 1950 2007 57 1.22
Hungary HU 1953 ongoing 67 1.00
Italy IT Never = 0 1.43
Lithuania LT 1947° ongoing 73 1.01
Netherlands NL Never - 0 1.37
Portugal PT 1965 ongoing 55 1.11
Spain ES 1965 1981 16 1.69
Sweden SE 1940 1975 35 1.29
Slovakia SK 1953 2012 59 0.94
Switzerland CH 1960 1987 27 1.15

8Unclear starting date but most probably around 1947 after a BCG vaccination promotion campaign in Poland that year
that spread to many European countries [41]. Country codes are the internationally accepted two-letter code.

mortality rates (hereafter referred to as ‘relative
mortality’) of 2020 are listed in Table 1.

First, I performed a linear regression analysis to
investigate how the relative mortality of the 17
countries and the total number of BCG-NVP years
correlated. Figure la shows a negative correlation
between the total number of BCG-NVP years and
relative mortality in Europe, which is in line with
another study published during the preparation of
this manuscript that compared COVID-19 death
tolls with a calculated BCG index in Europe [16]. In
a second linear regression analysis, I compared the
relative mortality of 14 countries with the year of
discontinuation of the BCG-NVP for newborns or
young children (Table 1, Fig. 1b). Since Portugal,
Spain and Switzerland started very late (1965,
1965 and 1960, respectively), they were excluded
from this second analysis. The other countries all
started their BCG-NVPs for newborns or young
children between 1940 and 1953. Both analyses
point towards a strong negative correlation of BCG
coverage and excess mortality during the early
phase of the COVID-19 pandemic.

Getting closer to the point — who is protected and how?

As a republic consisting of federal states with
similar demographics and health policies today,
Germany poses a particularly interesting example
for medical research questions for which historical
aspects like vaccination policies play a role, since
it was separated into the Federal Republic of
Germany (West Germany) and the German Demo-
cratic Republic (East Germany) from 1949 until
1989. The BCG vaccination policies differed pro-
foundly between East Germany and West Ger-
many, with a rigorous BCG-NVP for newborns in
East Germany until the reunion, and thereafter
gradually discontinued [36]. In West Germany,
BCG was used from 1953-1975 as a general
recommendation. Thereafter, BCG vaccination
was only recommended for targeted groups and
the BCG coverage has been estimated to have
fallen from 50% to below 10% between the 80s
and the 90s [37]. The recommendations may have
varied between West Germany’s federal states
until the reunion (STIKO group, Robert Koch
Institute, personal communication).
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Fig. 1 (a) Linear regression analysis of the total number
of BCG-NVP years and relative age-standardized mortality
rates in European countries. Countries that never had
BCG-NVPs for young children were assigned the ‘mock
year’ 1950, which is the approximated average year the
other countries started. (b) Linear regression analysis of
year of discontinuation of neonatal BCG vaccine in the
NVP and relative age-standardized mortality rates in
European countries. Spain, Portugal and Switzerland were
excluded from this analysis due to late start of BCG-NVP
(1965, 1965 and 1960, respectively).

I took advantage of the fact that Germany consists
of regions with comparable economy, demograph-
ics and healthcare systems and with identical
implementation of pandemic prevention measures
and SARS-CoV-2 testing to compare the number of
accumulated cases (as identified by positive SARS-
CoV-2 PCR test, as per 27 August 2020) of 15
Federal States (excluding the three city states
Hamburg, Bremen and Berlin, due to the
metropolitan character of these regions). The data
were available at the Robert Koch Institute
(https:/ /corona.rki.de). The available information

on case numbers was stratified into the following
age categories: 15-34, 35-59 and 60-79. As previ-
ously published [38], an overrepresentation of
COVID-19 cases in the Western states was identi-
fied across all age groups (Fig. 2a). The distribution
of the cases within each part of Germany (Eastern
and Western states separated) did not differ pro-
foundly. Remarkably, the BCG coverage in the
youngest age categories (<31 years of age) is
expected to be very limited in these states, but still
the number of COVID-19 cases is not higher in this
fraction than amongst the older citizens of the
Eastern states. This observation suggests that the
possible effect of BCG is not in preventing infec-
tion, since in such case, it should be reflected in
the pattern of case — age distribution, with more
cases than observed in the younger population of
the Eastern states (Fig. 2a).

Sweden provides another interesting example of
the relationship between BCG vaccination policies
and COVID-19, since the country is rather unique
with its sudden discontinuation of a rigorous BCG-
NVP in 1975. Thus, in 2020, most Swedish-born
individuals between the age of 45 and 80 were
BCG-vaccinated as neonates (the BCG-NVP for
newborns was initiated in 1940). In Fig. 2b, data
on COVID-19 cases, COVID-19-related intensive
care unit (ICU) cases and deaths are plotted (the
Public Health Agency of Sweden as per September
2nd, 2020). First of all, given the high coverage of
BCG in the Swedish population in individuals
between 45 and 80 years of age, the graph reveals
that the severe (ICU care-requiring) COVID-19
cases, obviously, on an individual level, were not
protected by their BCG vaccination that they
received as neonates. Second, the majority of the
casualties were older than 80 years, and as this
age group was not neonatally BCG-vaccinated but
may have been included in BCG mass vaccinations
beginning in 1940, it is difficult to draw any
conclusions on whether and at what age BCG
was administered. Third, the number of COVID-19
cases seems to be similar amongst the non-vacci-
nated young adults (20-45) as amongst the middle-
aged, vaccinated individuals (46-59). Finally,
COVID-19 did not cause severe disease in young
and healthy individuals, the majority of which have
not been BCG-vaccinated.

Does BCG induce heterologous herd immunity?

In line with the presented observations, a recent
study, which investigated the COVID-19 mortality
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Fig. 2 (a) Number of COVID-19 cases by age group and German federal state (E = Eastern, W= Western) as per 27
August 2020. (b) Number of COVID-19 cases, ICU cases and deaths in Sweden by age groups (source: the Swedish Public
Health Agency, as per September 2, 2020). The dotted lines represent the cut-off age for individuals who were BCG-

vaccinated as neonates in the Swedish NVP (1940-1975)

in individuals born right before and after the
discontinuation of the Swedish BCG-NVP in mid-
seventies, concluded that there was no difference
in number of COVID-19 cases or COVID-19-related
hospitalizations depending on BCG vaccination
status in middle-aged individuals [18]. However,
the observations from Sweden and Germany pre-
sented here indicate that the possible association
of BCG-NVPs and nation-level mortality during the
COVID-19 pandemic cannot be simply explained
by protection against infection (i.e. getting infected
or not by SARS-CoV-2), severe COVID-19 disease
or death at an individual level, but may involve
more complex, population-level effects. Possibly,
BCG could reduce the Ry value (the basic

686
Journal of Internal Medicine, 2020, 288; 682688

reproduction number, defined as the average num-
ber of new infections caused by an infected indi-
vidual during the early stage of an outbreak in a
fully susceptible population [39]), that is by reduc-
ing COVID-19 symptoms (the virus’ mechanism of
spread is to induce symptoms that enhances
transmission) and/or SARS-CoV-2 viral load.
Unfortunately, the SARS-CoV-2 PCR gives only a
qualitative result (positive or negative) and does not
provide any information on viral load, which most
likely correlates with how infectious a person is. If
BCG significantly reduces the Ry value of SARS-
CoV-2, a critical mass of BCG-vaccinated individ-
uals in a population could possibly generate (a
heterologous) herd immunity that protects
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individuals vulnerable to COVID-19 (e.g. with dia-
betes or cardiovascular disease). It is important to
remember that in Sweden, as an example, 0.06% of
the total population has succumbed to COVID-19
(as of 10 September 2020, 5843 casualties,
amongst 10.3 million citizens). The majority of the
casualties were suffering from comorbidities such
as chronic diseases and were of high age or
transplant recipients [40]. Thus, for most of these
victims, a childhood BCG vaccination that induces
trained immunity through reversible mechanisms,
and given many decades ago, is not likely to
protect. Instead, the findings presented here sug-
gest that these vulnerable individuals are better
protected through heterologous herd immunity in
countries with rigorous BCG coverage.

Concluding remarks

Whilst the COVID-19 pandemic death tolls may be
comparable to that of TB in 2020, the TB pandemic
has been going on for decades and is affecting
humans in their most productive age. Although a
century has passed since the launch of BCG, the
first and only TB vaccine, no vaccine candidate has
so far performed superior to BCG in preventing TB.
In addition, as discussed above, there is very
strong evidence that BCG reduces childhood mor-
tality in countries, where infectious disease
remains the number one cause of death. Therefore,
a sudden rush for BCG vaccine in countries with
strong economy, based on the belief that the
vaccine would protect against COVID-19, could
worsen the shortage of BCG, which was alarming
already before the pandemic. High-qualitative
studies of BCG’s impact on COVID-19 like those
currently ongoing are needed to determine whether
and how BCG can help control the pandemic.
Independently of the outcome, it is a responsibility
of the world’s strongest economies to scale up and
safeguard the manufacturing of BCG so that the
truly most vulnerable, newborns in developing
economies, have continuous access to this lifesav-
ing ‘cousin’ of M. tuberculosis.
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