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Abstract
Bacille Calmette-Guérin (BCG) vaccine has been globally used to protect infants against tuberculosis (TB) for about a century. This
vaccine has been shown to provide some degree of non-specific protection from other respiratory tract infections. This advantage
has encouraged researchers to investigate the potential protection of this vaccine from the coronavirus disease 2019 from different
perspectives in the ongoing pandemic. In this study, we have comprehensively reviewed the latest articles on potential vaccine
effectiveness of BCG on COVID-19 and summarized the possible impacts of the BCG against SARS-COV-2 in detail.
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Introduction

The SARS-COV-2 pandemic started in Wuhan, China, in
December 2019 and quickly spread to other areas of china
and other countries. While a large fraction of COVID-19 pa-
tients remains asymptomatic or suffers from mild to moderate
symptoms [1], some patients progress to serious pneumonia,
respiratory insufficiency, and even death, particularly in old
and comorbid patients [2]. In contrast, many studies have
reported that children often experience mild symptoms [3, 4].

The causes of mild COVID-19 infections in children is not
completely understood. A plausible explanation for mild
COVID-19 diseases in children can be variations in the ex-
pression of the angiotensin-converting enzyme 2 receptors
(ACE2 receptor) which is essential for the SARS-COV-2 to
bind and make the infection [5]. Another possibility is immu-
nity obtained from recommended childhood vaccinations.
However, it is noteworthy to state that the mechanism of the
acquired immunity is not completely understood as many pa-
tients cured of COVID-19 have subsequently re-contracted
the virus [6, 7].

Bacillus Calmette–Guérin is one of the childhood vaccina-
tions mainly used to prevent the spread of tuberculosis (TB)
and tuberculous meningitis. TB is a bacterial airborne infec-
tious disease caused by Mycobacterium tuberculosis. In gen-
eral, tuberculosis is a lung pathogen, but it can affect any other
parts of the body as well. TB infections can be categorized
into two groups. The first type, called latent TB infection
(LTB), does not have any symptoms and is non-transmissible.
In the second type of TB infection, patients suffer from an
active TB disease with symptoms such as fever, fatigue, lack
of appetite, and weight loss generally. Persistent cough and
hemoptysis can occur in advanced pulmonary diseases.
Transmissible or active TB disease is diagnosed with
culture-based or molecular diagnostics [8].

The biological effect of vitamin D in immunity against TB
has been increased the researchers’ interests in this field.
Vitamin D can have a role in immune regulation. This vitamin
can be effective inmany autoimmune and inflammatory disease
[9]. In 2011, one study was performed to assess whether there
was a correlation between circulating 25(OH)D concentration
and the status of BCG vaccination and cytokine response after
BCG vaccination. The findings have shown that vaccination of
BCG affects the concentration of vitamin D [10]. Moreover,
according to available literature, BCG stimulates the immune
system of human against many forms of viruses (e.g., human
papillomavirus and human respiratory syncytial virus) [11].
These advantages of the BCG vaccine creates the temptation
that BCG may prevent COVID-19 deaths or severity.

Recently, some epidemiological studies were performed to
investigate the effect of BCG vaccination against COVID-19
infection. Several studies have shown that countries with
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universal BCG vaccination policies appear to be less affected
by the pandemic [12, 13]. However, some other studies argue
that there cannot be an essential correlation between BCG
vaccinations and the rate of mortality caused by COVID-19
[14, 15]. Most of these studies are based on statistical analysis
of observational data. While such findings are helpful in pro-
viding some degree of insight into the association between
BCG vaccine and COVID-19, they have shortcomings as
well. There are a variety of confounding variables that should
be accounted for, as noted by the authors of all these studies.
Currently, this hypothesis is testing by clinical trials to adjust
confounders. These trials are conducted in countries with dif-
ferent BCG vaccination policies. This study aimed to review
and evaluate the studies on the probable effect of BCG on the
severity of cases in patients with COVID-19.

BCG Vaccination in Various Diseases

For around 100 years, the BCG vaccine with protective effects
against TB has been the most popular vaccine used worldwide.
This vaccine has heterologous protective effect against unrelated
diseases. Experts propose two main types of immunological
mechanisms of such effects. In the first type called heterologous
immunity, memory cells of CD4 and CD8 can be stimulated in
antigen-independent ways, for instants by cytokines activated by
secondary infections [16]. In the second type, vaccination of
BCG causes histone modifications and epigenetic
reprogramming of human monocytes. This process leads to a
more active innate immune response known as trained immuni-
ty [17, 18]. Several importantmolecular aspects of trained innate
immunity against COVID-19 have been discussed in [19].

Tuberculosis The efficacy of the BCG vaccination in protec-
tion against serious, extra pulmonary types of active TB was
found to be 50 to 80% in case-control studies among infants
and children under 5 years old [20]. Furthermore, immunity
from TB infection has also been correlated with BCG vacci-
nation in children [21]. An interesting case of co-infection of
TB pneumonia and COVID-19 has been discussed in [22].

Sepsis In a clinical study, performed in West Africa, after
receiving early BCG vaccination, the rate of mortality infants
with low birth weight due to neonatal respiratory sepsis, ex-
perienced a reduction by 17% in comparison to the delayed
vaccinated [23]. In 2012, another clinical trial compared vac-
cinated and control groups and reported that BCG vaccination
can lead to decrease the mortality due to lower respiratory
sepsis/pneumonia fatalities [24].

Influenza A randomized clinical trial (RCT) regarding the
vaccine strain of H1N1 influenza concluded that when healthy
volunteers are vaccinated with BCG vaccine before receiving

the influenza vaccine, the induction of their functional anti-
body response is increased [25].

Yellow Fever Arts et al. recently stated that BCG vaccination,
by epigenetic reprogramming in circulating monocytes, pro-
tects adults against the yellow fever virus vaccine strain.
Furthermore, the study argued that BCG vaccination resulted
in the induction of trained immunity shown by an upregula-
tion of IL-1β-mediated responses that linked to a reduction in
viral load. As a result, vaccinated participants are protected
compared to the control group [26].

Cancer The report on a 60-year follow-up of early BCG-
vaccinated American Indian and Alaska Native populations
indicated that lung cancer was substantially less prevalent
among those receiving BCG vaccine than placebo. No signif-
icant difference was found in other cancer rates. In this clinical
trial, the reported reduction in lung cancer was not correlated
with previous TB infection. The mechanism of this protective
observation is unclear, but the author has offered trained im-
munity as a hypothesis [27]. Furthermore, BCG immunother-
apy is often used as the standard therapy for the treatment of
patients with high-risk non-musical-invasive bladder cancer to
prevent the disease from recurring and progressing [28].

Diabetes BCG vaccine is emerging as an important treatment
for autoimmune disorders. In type 1 diabetics, individuals
treated with two BCG vaccines reported a decrease in blood
sugar levels to near-normal levels after a delayed period of
time in an 8-year clinical trial [29].

COVID-19 is a respiratory tract viral infection caused by
SARS-CoV-2. The symptoms of this infection are different
among individuals and different age groups. The following
symptoms are commonly reported symptoms: cough, shortness
of breath or difficulty breathing, fever, fatigue or weakness, mus-
cle or body pains, loss of smell or taste, headache, and gastroin-
testinal symptoms [30]. There are several clinical and epidemio-
logical features common between TB and COVID-19. Both
mainly attack the lungs and there are common clinical symptoms
such as cough, fever, and shortness of breath in patients. Two
infections are caused by respiratory airborne (aerosol) route or
droplets. Both are transmitted through the air and close contacts.
Diabetes, immune suppression, old age, and chronic obstructive
pulmonary disease are among the risk factors of either disease. In
addition, more men than women are affected by COVID-19 and
TB. The possibility of protection against COVID-19 through
BCG vaccination is an important public health question.

BCG Revaccination

Revaccination with live vaccine including BCG may increase
the benefits of non-specific effects (NSEs) against disease risk
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and mortality [31]. The most plausible reason for the benefi-
cial NSEs of live vaccine revaccination is that the immunizing
antigen shapes complexes of antibodies existing priory and
defines a beneficial non-specific immune response that offers
defense against a number of infectious diseases [31]. The ca-
pacity of BCG to cause heterologous immunomodulatory ef-
fects on unrelated conditions is well known. Increased inter-
nalization of BCG into monocytes, increased NOD2 activa-
tion and NO output, mediating even stronger epigenetic ef-
fects, resulting in increased trained innate immunity, could be
the beneficial effect of BCG revaccination. Notably, BCG
immunotherapy results against bladder cancer are better and
more effective in patients who have received the BCG vaccine
before to the start of treatment [32].

Efficacy of BCG Revaccination Against TB

To improve the duration of protection a booster dose of BCG
can be considered. However, in February 2018, based on con-
verging pieces of evidence that BCG revaccination provides
no additional protection from TB, WHO stated that repeat
vaccination is not recommended for people who have received
BCG vaccination because scientific data does not support it
[33]. Since then, at least one study, on the contrary, suggest
the benefits of repeating BCG vaccination against TB [34].

Impact of BCG Revaccination on Overall Mortality
Rate

One study conducted in Guinea-Bissau indicated a 50% re-
duction in overall deaths among children who received the
BCG vaccine. This reduction was attributed to the impact of
the vaccine on the reduction of respiratory infections and sep-
sis [35]. Recently, a BCG revaccination trial was carried out in
Bissau to assess whether repeat vaccination of BCG at age of
19 months decreases overall mortality rates. Because of sev-
eral deaths in the vaccination arm, this trial was stopped before
the determined end point; these deaths occurred at the time
when children received the missing vaccine, iron supple-
ments, or vitamin A. During the trial, the impact of BCG on
mortality in children who received the diphtheria-tetanus-
pertussis (DTP) booster vaccine before registration and those
who had not was significantly different. Finally, the authors
concluded that there was no benefit in BCG revaccination
[36]. Nonetheless, the review of the literature for the BCG,
MV, OPV, and smallpox revaccination studies was associated
with a significant reduction in overall mortality comparison
with just one dose [31].

Impact of BCG Revaccination on Safety

The rates of adverse reactions to the first and second doses of
BCG vaccination were evaluated from the findings of a large

population trial carried out in Brazilian children aged 7 to 14
years. Although reaction to the second dose was more fre-
quent than first BCG vaccinations (23 adverse reactions ob-
served among people with the scar and two adverse reactions
observed among people without any scar), it was not statisti-
cally significant. The author concluded that there is insuffi-
cient safety data, but based on results, the adverse reactions to
the second dose of BCG are uncommon [37].

Recently in the phase 3 of a double-blind, active random-
ized trial, it has been done to determine the potential of BCG
vaccine for protecting the adult patients from infections, par-
ticularly respiratory infections. Outcomes demonstrate that
vaccination of BCG is safe and it can reduce the number of
infections in elderly at-risk population. Moreover, people in
the treatment group took longer to occur the first infection in
comparison with the placebo arm (16 weeks among vaccinat-
ed people and 11 weeks among unvaccinated people). The
researchers did not found any significant difference between
two groups in terms of adverse effects. Consequently, they
concluded that BCG vaccination was safe among adult pa-
tients. The vaccine may also protect the adults from
COVID-19, but this has not been thoroughly tested so far [38].

Investigations of BCG and COVID

This section reviews three different groups of epidemiological
studies assessing the effects of BCG vaccination on COVID-
19: (a) comparison of countries with and without vaccination
policy, (b) analysis of countries with discontinued vaccina-
tions, and (c) analysis of subgroups.

Comparison of Countries With or Without Vaccination
Policy

Table 1 shows a summary of studies that compare countries
with and without nation-wide vaccination policy. In particu-
lar, they evaluate incidence or mortality rates of COVID-19 in
countries with current vaccine program for BCG versus coun-
tries that never have had BCG vaccination and/or countries
that have stopped this vaccination (Fig. 1).Most studies assess
how BCG vaccinations can affect cases and/or mortality in the
ongoing pandemic mainly using regression models. Although
the data are collected from public resources in all of the stud-
ies, the conclusions are contradictory among various studies.
As can be seen in Table 1, authors in six studies argued that
the BCG vaccination policy may not be effective while seven
studies indicated the BCG can reduce the severity of the
disease.

The analyses can be influenced by some reporting biases
such as the accessibility to diagnostic testing. These problems
were mitigated in three ways by Berg et al. [42]. First, the
growth rate of confirmed cases and mortality were used for a
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Table 1 Summary of epidemiology studies assessing the effect of BCG on COVID-19 in countries with or without nation-wide vaccination policy

Author/year #Countries Confounders or predictors/dependent
variable

Method Findings

Escobar et al.
2020 [13]

22 countries At least one death per million
inhabitants, ≥ 15% of population with
an age of 65 years or more, > 60% of
population living in urban areas, <
300 inhabitants km2, and an HDI of >
0.7/mean, median, and maximum
deaths per million

ANOVA, t test, linear
regression

BCG could have a protective effect

Wickramasinghe
et al. 2020
[39]

175 countries Demographic variables, BCG coverage
and policy, age-specific TB incidence,
and income level/morbidity and mor-
tality of COVID-19

Linear regression analysis Immunity from BCG as a likely
explanation for the variation of
COVID-19 cases and deaths across
countries

Kumar et al.
2020 [40]

67 countries Temperature and BCG
vaccination/number of new cases and
mortality per day

Multivariable two-level
negative binomial regres-
sion analysis

High temperature might not be
associated with low transmissibility
and BCG vaccination had a low
fatality rate of COVID-19

Klinger et al.
2020 [41]

55 countries Economic, demographic, health-related,
and pandemic restriction related
quantitative properties/death per
million, positively validated cases per
million, hospitalization with serious
and critical conditions, and recovered

Multivariable regression BCG immunization coverage, esp.
among the most recently vaccinated
population, contribute to attenuation
of the spread and severity of the
COVID-19

Berg et al. 2020
[42]

Confirmed
cases (134
countries)
and deaths
(135
countries)

Median age, gross domestic product per
capita, population density, population
size, net migration rate, and various
cultural dimensions/the number of
cases and deaths

Linear mixed effect models
with restricted maximum
likelihood estimation

Mandated BCG vaccination can be
effective against COVID-19

Joy et al. 2020
[43]

160 countries Population density, income group,
latitude, and percentage of the total
population under age groups 15–64
and above 65 years of each
country/the difference in the incidence
of COVID-19 cases

Meta-regression BCG is associated with reduced
COVID-19 infections if the BCG
vaccine coverage > 70%

Miller et al. 2020
[44]

60 countries Age distribution, income per capita,
stage of the epidemic of a country, and
quality of the medical care country’s
response to COVID-19/morbidity and
mortality for COVID-19

Multivariate linear analyses BCG vaccination is correlated with
reduced mortality (from May 5th,
there is no significant correlation
between start year of the vaccination
and mortality per million people < 65
years)

Szigeti et al,
2020 [45]

The top 68
countries for
number of
cases

BCG vaccination status before 1980,
historic colonization status, median
age, urban population percentage,
population density, tests per million
(additional factor for May), and air
passengers/deaths per million

Multiple regression
modeling

No significant association between BCG
vaccination and COVID-19 mortality

Wassenaar et al.
2020 [46]

18 countries Countries that are well into the
developing pandemic and compared
the BCG vaccination programs in
place since the 1950s

There is currently no compelling
evidence of protective effect

Hensel et al. [47] 74 countries GDP, median age, percent urban
population, hospital beds per 1000
inhabitants, smoking, population
density, diabetes and CVD-related
deaths, vaccine strain, and testing
rates/spread and mortality of CoV-2

Univariate and multivariate
regression

epidemiological findings do not provide
evidence to correlate overall BCG
vaccination with the spread and
mortality of CoV-2

Matsuura et al.
2020 [48]

17 countries Regression discontinuity
analysis (on some
countries) and
difference-in-difference
analysis (all countries)

The results do not support this
hypothesis that BCG can be effective
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short period. Second, the best available estimate of country-
wise reporting biases was utilized as a weight in their study.
Third, the availability of testing was controlled. To control
confounding factors, the analysis included total population,
the median age of them, and population density as demo-
graphic variables. Furthermore, net migration as individuals
entering the country minus those leaving the country in per
1000 population and GDP per capita was used to control pop-
ulation movement and economic development respectively.
Countries were weighted based on the accuracy of the reports
to account for underreporting of cases. The total number of
tests were controlled in countries to address the difference in
number of tests. Two cultural aspects were assessed as possi-
ble confounding variables: individualism versus collectivism
and power distance. They found that BCG vaccination may be
efficient against the spread of COVID-19.

The possibility of an existing relationship between BCG
vaccines and COVID-19 disease were analyzed by Escobar
et al. through study of countries with different vaccination
policy, European countries including Germany, and the

USA. COVID-19 mortality data were collected due to more
possibility that the number of deaths can be more accurate
than the number of cases and social variables were considered
as the possible confounders. The assessment was adjusted for
possible confounding variables such as the Human
Development Index (HDI of > 0.7), human density (< 300
inhabitants each square kilometer), urbanization (> 60% of
the people living in urban regions), and the age structure of
the population (≥ 15% of the people with 65 years old or
more). Although the control of confounders reduced the
BCG significant effect, there was still a significant association
between BCG vaccination and COVID-19. The pandemic of
COVID-19 entered the USA by air traffic. They compared
COVID-19 mortality in non-BCG vaccination states in the
USA with those that were the main entry points in Mexico
and Brazil. The results indicated that COVID-19 mortality
was higher in the USA [13].

The spread rate of COVID-19 was analyzed in 74 countries
where stratified on the basis of BCG vaccination coverage. At
first, a negative correlation was observed between the BCG

Table 1 (continued)

Author/year #Countries Confounders or predictors/dependent
variable

Method Findings

Arlehamn et al.
2020 [14]

51 countries, Human Development
Index of > 0.7, > 60% urban population,

< 300
Inhabitants per km2, and > 1 COVID-19

death per million/death report

Pearson correlation
coefficient

Current mortality rates of the COVID-19
do not support a clear negative corre-
lation with BCG

Fig. 1 The Status of BCP vaccination policy in the world[49]
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vaccination and the spread of COVID-19 as well as its mor-
tality. Univariate analysis, however, revealed that age can be
confounder variable in the analysis. When the age was adjust-
ed, there was not such a difference, although age remained
statistically linked to mortality rate. Since testing rates were
significantly correlated with SARS-CoV-2 infection inci-
dence, countries with high SARS-CoV-2 testing rates (10 or
more tests per thousand) were analyzed. The findings indicat-
ed a lack of significant differences in the spread rate of SARS-
CoV-2 in countries with different BCG vaccination policies.
When countries were stratified based on the strain of vaccine,
there was not higher mortality rate related to COVID-19.
However, it might be due to small sample size (44 countries).
They concluded that there is some evidence that SARS CoV-2
testing rate is an important confounder in the correlation be-
tween BCG vaccination and spread rate of SARS CoV-2.
Some limitations such as difference in the strains of CoV-2
virus, other co-morbidities (e.g., cancer and obesity),
misreporting in positive case were mentioned by authors [47].

In another study, Kumar et al. assumed BCG vaccinations
and temperature as predictor variables for both the newly di-
agnosed cases and death rates per day. As the number of new
infections and deaths counted daily (outcome variables) are
non-negative discrete numbers, they used Poisson regression.
A non-linear transmission pattern between temperature and
COVID-19 was seen. The result indicated that the lower temp
is the most practical range for transmitting. The countries with
the highest incidence rate had the median temp varied from 6
to 10.5 °C. However, any statistically significant association
between median temp and the transmission of the virus was
not observed. Nonetheless, the rate of spreading was signifi-
cantly less in countries with the policy of BCG vaccination. In
their study, the number of tests adjusted but other potential
confounder variables such as variations in the national demo-
graphics, risk of infection and the level of the outbreak for
different countries did not adjust [40].

There was no significant negative correlation between
BGG and COVID-19 deaths in the updated data on 1
August 2020 [14]. In an independent study, Miller et al. also
found there is no significant association between the BCG
vaccinations and coronavirus mortality rate among adults
older than 65 years by analyzing the data after 5 May 2020.
However, using data from 21 March 2020, there was a signif-
icant association between mortality of COVID-19 and the
time when the vaccination of BCG was started. The earlier
responses to the infection were attributed to intrinsic immuni-
ty of elder people to disease. Their study covers countries with
a population of more than one million. Since several factors,
such as the economics of a country and the distribution of
population age, may influence the measure of deaths, three
groups of countries were considered to account for economic
aspects: low-income, lower-middle, and countries with
middle-high or high-income. To determine the mortality rate,

the total number of inhabitants were not chosen, but the sus-
ceptible people over 65 years old were listed in every country.
While countries have been stratified and those countries
whose income level are middle-high and high are evaluated,
inequalities in health systems, the quality in public healthcare
services in addressing to the infection, and poverty rates may
be unresolved confounders. Multivariate linear regression
analysis was the approach used to adjust these confounders.
In order to address tend of assigning COVID-19 deaths to
other causes, they used European countries as a smaller
dataset [44].

In comparison to Miller, et al. [44], countries with a popu-
lation of less than 1 million were not excluded in the study of
Szigeti et al. [45]. Authors argue that smaller countries such as
Iceland may have better universal testing strategies. Instead,
they analyzed the 68 countries that have most numbers of
cases on April 3rd including the Diamond Princess Cruise
ship as 68th. With the April 3th dataset, two multiple regres-
sion models were fitted using mortality rate as a dependent
variable for each model, respectively, and the status of BCG
vaccinations before 1980, median age, the status of historic
colonization, the density of population, percentage of the ur-
ban population, and air travelers were considered as indepen-
dent variables. These analyses were repeated using May 15th
dataset and an additional independent variable namely tests/
million was considered. Finally, they found no significant
association between BCG vaccinations and mortality from
COVID-19 across countries.

Klinger et al. considered two types of vaccination: (1)
countries with existing or previous BCG vaccination policies,
(2) countries that have provided it for a specific at-risk group.
Results frommultivariate regression tests with predictors such
as economic (indicators of economic development), health-
related (prevalence of chronic diseases such as type 2 diabetes
and mortality rate of cardiovascular disorder), and quantitative
properties related to the restriction of pandemic (school clo-
sure and educational management) validated the role of BCG
against COVID-19 infection [41].

Analysis of Countries with Discontinued Vaccination

The mandatory BCG vaccination policy has been stopped in
some countries where the incidence of TB declined. In
Table 2, the incidence rates of COVID-10 in vaccinated and
unvaccinated subpopulation of these countries were com-
pared. Germany is a prominent example to examine the pos-
sible impact of the age of BCG vaccinations on COVID-19
susceptibility, as vaccination schemes were different before
the unification of East and West Germany [13]. In East
Germany, BCG vaccination became mandatory in 1953. By
contrast, this vaccination was much less common in West
Germany (recommended since 1955) and it was stopped
completely between 1975 and 1977. As is shown in Table 2
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the relation between BCG and morbidity and/or mortality of
coronavirus has been analyzed using Student’s t test approach
and suggests it as an effective vaccination [13, 50]. An RD
approach is used to study the correlation between BCG vac-
cine and COVID-19 severity in Sweden that stated this vacci-
nation does not have any protective effect against infection
[51]. The benefit of a shift in BCG vaccinations policy was
also taken to study the correlation between BCG vaccine and
COVID-19 severity in Israel and Japan and two contradictions
results have been reported [15, 52].

Analysis of Subgroups

Identification of relationships within various subgroups is the
usual form of study through observational research. This type
of study is applied in the papers of Table 3 to evaluate the
efficacy of BCG to the reduction of COVID-19 incidence or
severity. To analyze whether receiving recent BCG vaccines
is harmless during SARS-CoV-2 prevalence, three cohorts of
healthy volunteers who have either received or not received
BCG in the past 5 years were compared. The majority of

Table 2 summary of assessing the impact of BCG vaccination in countries having discontinued the BCG vaccination policy

Author/year Method Study case (country) Findings

de Chaisemartin, C.
and L. de Chaisemartin,
2020 [51]

Regression discontinuity (RD) Compare the number of COVID-19
cases, hospitalizations, and deaths
among individuals born just before
and just after 1 April 1975 (Sweden)

Receiving the BCG Vaccine at
birth does not have a protective
effect against COVID-19

Hamiel et al. 2020 [15] χ2 tests Born from 1979 to 1981 aged
39–41 years with those born from
1983 to 1985 aged 35–37 years (Israel)

BCG vaccination in childhood has
not a protective effect against
COVID-19 in adulthood

Escobar et al. 2020 [13] t test East and West Germany (Germany) The average and mean COVID-19
mortality rate in western German
states was higher than in eastern
states

Kinoshita et al. 2020 [52] Mann-Whitney U test and
Spearman’s rank correlation

Annual BCG vaccine coverage
among the five prefectures with no
COVID-19 infections and the top
5 prefectures with the highest
COVID-19 prevalence and age
groups (Japan)

Routine infant BCG vaccination
coverage in young generation had
a significant impact on prevention
of local COVID-19 spread

Hauer et al. 2020 [50] Student’s t test Record morbidity and mortality of
SARS-CoV-2 data in formerly East
and West German federal states
(Germany)

BCG vaccination has a
protective effect

Table 3 Summary of assessing the effect of BCG on COVID-19 in the study of subgroups

Title Study case Method Finding

Amirlak et al. 2020 [56] Booster vaccinated, versus
unvaccinated

Fisher’s exact test The infection rate in the unvaccinated
group was 8.6% versus 0 in the
booster vaccinated

Karabay et al. 2020 [54] The presence of COVID-19 was
investigated in 167 patients
with BCG and 167 without BCG

Independent Samples t test and
Yates correction chi-square test

The frequency of COVID-19 in those
who received intravesical BCG
was not different from those who
did not

Moorlag et al. 2020 [53] Three cohorts of healthy volunteers
who either received BCG in the last
5 years or did not

Chi-square test of independence
for categorical variables. Wilcoxon
rank-sum test for continuous
variables. Fisher’s exact test for
the comparison of underlying
conditions, employment status,
and the variable college degree

BCG vaccination is not associated
with increased incidence of symptoms
during the pandemic and it might
be associated with a decrease in the
incidence of sickness during the
pandemic

Samrah et al. 2020 [55] Among 81 patients affected, 84%
of patients reported receiving BCG
vaccination

A chi-square test or Fisher’s exact
test for categorical variables, whereas
continuous variables were analyzed
by the Student’s t test or ANOVA

More asymptomatic patients were
among those who received BCG
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participants live in the provinces with the largest number of
infected. Self-reported illness and symptoms indicated that in
the BCG-vaccinated group, the incidence of disease was

significantly smaller relative to the unvaccinated people
(20.7% vs 31.1%, crude odds ratio 0.58, and p < 0.05). A
logistic regression model was used for adjustment of potential

Table 4 Timeline of current clinical trials assessing the impact of BCG on COVID-19 [58]

Estimated Study 

Completion Date

2
0
2
0

2
0
2
1

2
0
2
2

2
0
2
3 particip

ants

country Dec Ja
n

Feb Mar Apr May Ju
n

July Aug Sep Oc
t

Nov Dec Mar Oc
t

Apr Aug

France (Recruiting) 1120

Netherlands (Active, 

not recruiting)
1500

Netherlands

(Recruiting)
5200

Poland (recruiting) 1000

Netherlands (Active, 

not recruiting)
2014

Germany (Active, not 

recruiting)
59

Greece (Recruiting) 900

Denmark

(Recruiting)
1500

Germany (Recruiting) 2038

Denmark (Recruiting) 1900

Egypt (Not yet 

recruiting)
900

South Africa

(Recruiting)
500

Guinea-Bissau

(Enrolling by 

invitation)

3400

Guinea-Bissau/ 

Mozambique (Not yet 

recruiting)

1050

E
u

ro
p

e
A

fr
ic

a

Mexico (Active, not 

recruiting)
908

Canada (Recruiting) 3626

United States

(Recruiting)
1800

United States (Not yet 

recruiting)
2100

Brazil (Recruiting) 1000

United States (Not yet 

recruiting)
550

Brazil (Recruiting) 1000

India (Recruiting) 2175

Australia (Recruiting) 10078

A
m

er
ic

a
O

th
er
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covariates. The results revealed an adjusted odds ratio of 0.58
(p < 0.05), confirming previous findings. Although the data
indicated that BCG vaccinations could be linked with a reduc-
tion in the number of cases during the pandemic, the authors
did not offer conclusions about the possible beneficial impact
of BCG on coronavirus infection for reasons such as the ret-
rospective aspects of the research in two relatively small sam-
ple groups and the possibility of selection bias. They conclud-
ed that BCG vaccinations can be safe during the pandemic and
suggested randomized clinical trials to investigate the protec-
tive effects of BCG against infection [53]. In another study the
incidence of COVID-19 was examined in bladder cancer pa-
tients. Patients were categorized into two groups: those pa-
tients got intravesical BCG because of their cancer and those
patients that did not it as a control group. According to the
results, the frequency of infection in those patients who re-
ceived the intravesical vaccine was not differing from the
other group [54]. To report the epidemiological, clinical, and
radiological symptoms of infected patients from Jordan, a ret-
rospective analysis was performed. In this study, BCG vacci-
nation was also reported in 84% of patients. The results show
that more asymptomatic patients had been vaccinated with
BCG (p = 0.017) [55].

Clinical trials studies

There may be complex factors that make a correlation be-
tween vaccination of BCG and decreased deaths. For instance,
the genetic structure of the population or environmental fac-
tors. Well-controlled clinical trials do not suffer from selection
possible and confounding factors and can provide a conclu-
sive response to the existence of causal link between BCG
vaccine and COVID-19 outcomes. In epidemic infections
for which there are no effective vaccines, it is important to test
the investigational vaccines rapidly and, if they are effective,
utilize them in the same outbreak. Also, cases can become so
uncommon in a diminishing outbreak so that a trial is no
longer possible [57]. At this time, 25 clinical trials have been
officially registered in various countries which two of them
have been withdrawn [58]. Most designs used for BCG vac-
cine efficacy trials are individually randomized and their in-
terventional mode of them is parallel. The expected comple-
tion dates of ongoing clinical trials are given in Table 4.

Conclusions

The immunogenicity and efficacy of the BCG vaccine is
widely accepted as it has been used for around 100 years.
Due to the large availability and low-cost of BCG, it can be
considered as a good option for the creation of trained immu-
nity against diseases. However, BCG is a vaccine that protects
infants against TB, especially in developing countries.

Furthermore, it is utilized as standard adjuvant immunothera-
py to treat bladder cancer patients with high-risk non-muscle
invasive cancer. Therefore, there is concern that a sudden
increase in demand for this vaccine could cause imbalances
in production and consumption. This highlights the necessity
for careful researches.

In this study, an overview of the current studies concerning
the possible effect of BCG against COVID-19 was presented.
In general, three separate approaches were identified: (a)
across countries studies where their epidemiological data, re-
lated to BCG policy and COVID-19 cases and/or mortalities,
were collected based on public sources and analyzed statisti-
cally. (b) Studies where countries with discontinued vaccina-
tion policy were interested. Similar to the former group, epi-
demiological data were collected from institutional databases
due to the data availability. Although these data can indicate a
beneficial effect of BCG vaccinations, such researches may
not provide definitive evidence of causal relationship [59]. (c)
Observational studies where relationships between two sub-
groups were observed. In these studies, the retrospective as-
pect of the research in relatively small groups has the potential
for introducing statistical bias in the analysis. Due to various
confounding factors, most observational studies converge on a
point that there would be inadequate evidence and clinical
trials are required. Several clinical trials are underway in de-
termining whether BCG could effect on COVID-19 and their
results can provide a conclusive answer to this question.
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