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C O R O N A V I R U S

Effect of BCG vaccination on proinflammatory 
responses in elderly individuals
Nathella Pavan Kumar1*, Chandrasekaran Padmapriyadarsini1, Anuradha Rajamanickam2, 
Shrinivasa B. Marinaik1, Arul Nancy2, Srinivasan Padmanaban1, Nabila Akbar1,  
Manoj Murhekar3, Subash Babu2*

We investigated the influence of Bacillus Calmette-Guérin (BCG) vaccination on the unstimulated plasma levels of 
a wide panel of cytokines, chemokines, acute-phase proteins (APPs), matrix metalloproteinases (MMPs), and 
growth factors in a group of healthy elderly individuals (age, 60 to 80 years) at baseline (before vaccination) and 
1 month after vaccination as part of our clinical study to examine the effect of BCG on COVID-19. Our results 
demonstrated that BCG vaccination resulted in diminished plasma levels of types 1, 2, and 17 and other 
proinflammatory cytokines and type 1 interferons. BCG vaccination also resulted in decreased plasma levels of 
CC, CXC chemokines, APPs, MMPs, and growth factors. Plasma levels of the aforementioned parameters were 
significantly lower in vaccinated individuals when compared to unvaccinated control individuals. Thus, our study 
demonstrates the immunomodulatory properties of BCG vaccination and suggests its potential utility in non-
specific vaccination of COVID-19 by down-modulating pathogenic inflammatory responses.

INTRODUCTION
The coronavirus disease (COVID-19) pandemic is a major public 
health crisis, and there is an important need to foster preventive and 
therapeutic strategies. Severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) is the contributory agent for COVID-19, and 
like the other respiratory coronaviruses, SARS-CoV-2 is spread 
mainly via respiratory droplets (1). Bacillus Calmette-Guérin (BCG) is 
a live-attenuated vaccine strain of Mycobacterium bovis used against 
tuberculosis (TB) (2). Previously published studies have demon-
strated that BCG vaccine also engenders effective and broad protec-
tion against other respiratory diseases. Initial administration of the 
BCG vaccine lowers child mortality not due to TB (3, 4). These non-
specific effects of BCG vaccination are not partial only to children, 
as vaccination also results in the decline of occurrence of respiratory 
tract infections in adolescents (5) and elderly individuals (6, 7).

BCG vaccination is considered to confer a nonspecific rise in 
immunity (8), and this vaccine is known to act via both innate and 
adaptive immune responses (9). Commonly, during viral infections, 
a timely and strong innate immune response permits more rapid 
and efficient viral clearance and could even inhibit symptomatic 
infection or weaken the severity of the infection (10). BCG is thus 
being evaluated in various clinical trials for protection against 
SARS-CoV-2 infection and COVID-19 disease (7, 11). However, the 
major concern with using BCG vaccination in hot spots of COVID-19 
is the possibility of the vaccination inducing highly proinflam-
matory responses and thus worsening infection or disease in other-
wise asymptomatic or mild cases. This is especially true in light of 
the fact that cytokine storm and other proinflammatory responses 
including high complement-reactive protein (CRP) levels are associated 
with bad prognosis and worse outcomes in this disease (12–15). 
Hence, we aimed to examine the interface between inflammation 

and BCG vaccination by evaluating a wide-ranging set of circulat-
ing inflammatory biomarkers before and after BCG vaccination in 
elderly individuals residing in hot spots for SARS-CoV-2 infection.

RESULTS
BCG vaccination results in diminished plasma  
levels of pro- and anti-inflammatory cytokines
Unstimulated plasma was used to examine the levels of types 1, 2, 
and 17, type 1 interferons (IFNs), and other proinflammatory cyto-
kines following BCG vaccination; we compared the plasma levels of 
cytokines at baseline or before BCG vaccination [month 0 (M0)] 
and at month 1 (M1) after vaccination. As shown in Fig. 1A and 
table S1 (A to C), the type 1 cytokines IFN (P < 0.0001), interleukin-2 
(IL-2) (P = 0.0003), and tumor necrosis factor– (TNF) (P < 0.0001), 
IL-1 family cytokines IL-1 (P < 0.0001) and IL-1 (P < 0.0001), and 
lastly, type 1 IFNs IFN (P < 0.0001) and IFN (P = 0.0001); other 
proinflammatory cytokines IL-6 (P = 0.0004), IL-12 (P = 0.0010), 
IL-17A (P < 0.0001), and granulocyte-macrophage colony-stimulating 
factor (GM-CSF) (P < 0.0001) (Fig. 1B); and type 2 cytokines IL-4 
(P < 0.0001), IL-5 (P = 0.0013), IL-13 (P < 0.0001), IL-33 (P < 0.0001), 
and IL-1Ra (P < 0.0001) (Fig. 1C), all showed significantly diminished 
levels at M1 compared to M0. Next, we compared the plasma levels 
of the aforementioned cytokines in postvaccinated individuals to 
unvaccinated controls. As shown in Fig. 1, BCG-vaccinated individuals 
exhibited decreased plasma levels of IFN, IL-2, TNF, IL-1, IL-1, 
IFN, IFN, IL-6, IL-12, IL-17A, GM-CSF, IL-4, IL-5, IL-13, IL-33, 
and IL-1Ra compared to unvaccinated individuals.

BCG vaccination results in diminished plasma levels of CC 
and CXC chemokines
Unstimulated plasma was used to determine the levels of CC and 
CXC chemokines following BCG vaccination; we compared the 
plasma levels of chemokines at baseline or before BCG vaccination 
(M0) and at M1 after vaccination. As shown in Fig. 2A and table S2 
(A and B), the CC chemokines CCL2 (P < 0.0001), CCL3 (P < 0.0001), 
CCL4 (P < 0.0001), CCL5 (P = 0.0013), CCL11 (P < 0.0001), CCL19 
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Fig. 1. BCG vaccination results in diminished plasma levels of pro- and anti-inflammatory cytokines. (A) The plasma levels of type 1 cytokines, IL-1 family, and type 
1 IFNs in BCG prevaccinated (M0) (n = 82) and M1 after vaccination (n = 82) and plasma levels of type 1 cytokines, IL-1 family, and type 1 IFNs in BCG-unvaccinated (UVC) 
(n = 55) and postvaccinated (M1) (n = 82) individuals are shown. (B) The plasma levels of proinflammatory cytokines in BCG prevaccinated (M0) (n = 82) and M1 after vac-
cination (n = 82) and plasma levels of proinflammatory cytokines in BCG-unvaccinated (UVC) (n = 55) and postvaccinated (M1) (n = 82) individuals are shown. (C) The 
plasma levels of anti-inflammatory cytokines in BCG prevaccinated (M0) (n = 82) and M1 after vaccination (n = 82) and plasma levels of anti-inflammatory cytokines in 
BCG-unvaccinated (UVC) (n = 55) and postvaccinated (M1) (n = 82) individuals are shown. The data are represented as scatter plots with each circle representing a single 
individual. For the analysis of M0 and M1, P values were calculated using the Wilcoxon matched-pair tests with Holm’s correction for multiple comparisons; for the analy-
sis between UVC and M1, P values were calculated using the Mann-Whitney test with Holm’s correction for multiple comparisons.
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(P < 0.0001), and CCL20 (P < 0.0001) and (Fig. 2B) CXC chemokines 
CXCL2 (P < 0.0001), CXCL8 (P < 0.0001), CXCL10 (P < 0.0001), 
and CX3CL1 (P < 0.0001) showed significantly diminished levels at 
M1 compared to M0. Next, we compared the plasma levels of CC 
and CXC chemokines in postvaccinated individuals to unvaccinated 
controls. As shown in Fig. 2, BCG-vaccinated individuals exhibited 
decreased plasma levels of CCL2, CCL3, CCL4, CCL5, CCL11, 
CCL19, 3, CCL20, CXCL1, CXCL2, CXCL8, CXCL10, and CX3CL1 
compared to unvaccinated individuals.

BCG vaccination results in diminished plasma levels 
of acute-phase proteins
We used unstimulated plasma to elucidate the levels of acute-phase 
proteins (APPs) following BCG vaccination and compared the plasma 

levels of APPs at baseline or before BCG vaccination (M0) and at M1 
after vaccination. As shown in Fig. 3 and table S3, CRP (P < 0.0001), 
alpha-2 macroglobulin (a-2M) (P < 0.0001), and haptoglobin 
(P  <  0.0001) showed significantly diminished levels at M1 com-
pared to M0. Next, we compared the circulating levels of APPs in 
postvaccinated individuals to unvaccinated controls. As shown in 
Fig. 3, BCG-vaccinated individuals exhibited decreased fre-
quencies of CRP, a-2M, and haptoglobin compared to unvaccinated 
individuals.

BCG vaccination results in diminished plasma levels 
of matrix metalloproteinases and growth factors
To examine the unstimulated plasma levels of matrix metallo-
proteinases (MMPs) and growth factors following BCG vaccination, 
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Fig. 2. BCG vaccination results in diminished plasma levels of chemokines. (A) The plasma levels of CC chemokines in BCG prevaccinated (M0) (n = 64) and M1 after 
vaccination (n = 82) and plasma levels of CC chemokines in BCG-unvaccinated (UVC) (n = 55) and postvaccinated (M1) (n = 82) individuals are shown. (B) The plasma levels 
of CXC chemokines in BCG prevaccinated (M0) (n = 82) and M1 after vaccination (n = 82) and plasma levels of CXC chemokines in BCG-unvaccinated (UVC) (n = 55) and 
postvaccinated (M1) (n = 82) individuals are shown. The data are represented as scatter plots with each circle representing a single individual. For the analysis of M0 and 
M1, P values were calculated using the Wilcoxon matched-pair tests with Holms correction for multiple comparisons; for the analysis between UVC and M1, P values were 
calculated using the Mann-Whitney test with Holm’s correction for multiple comparisons.
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we compared the plasma levels of MMPs and growth factors at 
baseline or before BCG vaccination (M0) and at M1 after vaccina-
tion. As shown in Fig. 4 and table S4, MMP-1 (P < 0.0001), MMP-2 
(P < 0.0001), MMP-3 (P < 0.0001), MMP-7 (P < 0.0001), MMP-8 
(P  <  0.0001), MMP-9 (P  <  0.0001), MMP-12 (P  <  0.0001), and 
MMP-13 (P < 0.0001) showed significantly diminished levels at M1 
compared to M0. As shown in Fig. 5 and table S5, vascular endothe-
lial growth factor (VEGF) (P < 0.0001), fibroblast growth factor 2 
(FGF-2) (P < 0.0001), platelet-derived growth factor–AA (PDGF-
AA) (P < 0.0001) and PDGF-BB (P < 0.0001), transforming growth 
factor– (TGF-) (P < 0.0001), Flt-3L (P < 0.0001), programmed 
death ligand–1 (PDL-1) (P < 0.0001), tumor necrosis factor-related 
apoptosis-inducing ligand (TRAIL) (P < 0.0001), and CD40L (P < 0.0001) 
showed significantly diminished levels at M1 compared to M0. Next, 
we compared the plasma levels of MMPs and growth factors in 
postvaccinated individuals to unvaccinated controls. As shown in 
Fig. 4, BCG-vaccinated individuals exhibited decreased plasma levels 
of MMP-1, MMP-2, MMP-3, MMP-7, MMP-8, MMP-9, MMP-12, 
and MMP-13 compared to unvaccinated individuals. As shown in 
Fig. 5, BCG-vaccinated individuals exhibited decreased plasma levels 
of VEGF, FGF-2, PDGF-AA, PDGF-BB, TGF-, Flt-3L, PDL-1, 
TRAIL, and CD40L compared to unvaccinated individuals.

DISCUSSION
BCG is considered to be one of the most broadly used vaccines in 
the world, with around 130 million infants receiving this vaccine 
every year (16). There is improved interest in BCG vaccination of 
elderly population, especially in countries with high number of re-
ported COVID-19 cases. Immunity produced by some already 
available vaccines such as BCG has been recommended to be used 

as a conceivable protective approach against COVID-19 to bridge 
the period until a specific vaccine is available (16). Previous studies 
have reported that BCG vaccination may confer protection against 
respiratory tract infections, involving viral infections, and hence, in 
general, BCG vaccination might be an effective prophylactic mea-
sure against SARS-CoV-2 infection and/or might reduce disease 
severity (16, 17). The current finding determined that BCG vaccina-
tion led to a lowering of the systemic levels of inflammatory markers 
after vaccination claiming for a protective effect.

Elderly individuals with comorbidities, such as hypertension, 
diabetes, or heart diseases, are at bigger risk of developing severe 
COVID-19 (15, 18, 19), demonstrating that a weakened innate anti-
viral immune response may lead to SARS-CoV-2 susceptibility. Recent 
published studies have stated that BCG vaccination–mediated trained 
immunity enhances antiviral immune responses and, in addition, 
that BCG-induced trained immunity could be a competent preven-
tive measure against SARS-CoV-2 infection and COVID-19 severity 
(16, 20, 21). It also still remains unknown as to how BCG reduces 
overall inflammation while at the same time improving myeloid 
and heterologous T cell responsiveness.

It has been clearly reported that cytokines play a key role in 
immunopathology during viral infection. Recent published studies 
have reported that elevated inflammatory cytokine (such as TNF, 
IL-1, IL-6, IL-10, IL-17, IL-18, and IFN) levels were seen in active 
COVID-19 cases compared to healthy donors (22). TNF and IFN 
are known to particularly drive COVID-19 disease severity (14), 
and in addition, IL-6, IL-1, and IL-12 have been consistently 
implicated in severe disease (22). In this study, we aimed to under-
stand the function of inflammatory cytokines on BCG-vaccinated 
individuals before and 1 month after vaccination in COVID-19 hot 
spots. Our current findings report that induction of the BCG 
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Fig. 3. BCG vaccination results in diminished plasma levels of APPs. The plasma levels of APPs in BCG prevaccinated (M0) (n = 82) and M1 after vaccination (n = 82) are 
shown. Data are shown as line diagrams with each line representing a single individual. P values were calculated using the Wilcoxon matched-pair tests with Holm’s 
correction for multiple comparisons. The plasma levels of APPs in BCG-unvaccinated (UVC) (n = 55) and postvaccinated (M1) (n = 82) individuals are also shown. The data 
are represented as scatter plots with each circle representing a single individual. P values were calculated using the Mann-Whitney test with Holm’s correction for multiple 
comparisons.
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vaccine–induced inflammatory cytokine response is clearly dampened 
in elderly individuals at 1 month. This finding corroborates the 
recently published clinical results of ACTIVATE (a randomized 
clinical trial for enhanced trained immune responses through BCG 
vaccination to prevent infections of the elderly), which suggest that 
BCG vaccination is safe and reduces the number of infections in 
an elderly population at risk (7). In addition, our finding also 
corroborates another study, which clearly reveals that BCG vaccination 

down-regulates circulating inflammatory markers (23). Moreover, 
apart from a variety of proinflammatory cytokines (which could 
possibly play a detrimental role in COVID-19), anti-inflammatory 
responses including IL-10 and IL-33, which have been implicated 
in COVID-19 disease severity, were also decreased in vaccinated 
individuals (24, 25).

The activation of the immune system plays a fundamental role in 
defending against infectious agents, and it is been complemented by 
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Fig. 4. BCG vaccination results in diminished plasma levels of MMPs. The plasma levels of MMPs in BCG prevaccinated (M0) (n = 82) and M1 after vaccination (n = 82) are 
shown. Data are shown as line diagrams with each line representing a single individual. P values were calculated using the Wilcoxon matched-pair tests with Holm’s correction 
for multiple comparisons. The plasma levels of MMPs in BCG-unvaccinated (UVC) (n = 55) and postvaccinated (M1) (n = 82) individuals are also shown. The data are represented 
as scatter plots with each circle representing a single individual. P values were calculated using the Mann-Whitney test with Holm’s correction for multiple comparisons.
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inflammatory mediator release (26). Like cytokines, chemokines 
are also an important inflammatory mediator in regulating the dis-
ease during the viral infection (27). In this study, we determined the 
circulating levels of CC and CXC chemokines, and our results clear-
ly revealed that both CC and CXC chemokines are significantly de-
creased after 1 month of BCG after vaccination, indicating that 
BCG dampens proinflammatory chemokine responses as well. Re-
cently published studies have also described that chemokines such 
as CXCL10 and CCL7 are elevated SARS-CoV-2 infection and are 

associated with disease severity (28). Thus, in addition to cytokines, 
proinflammatory responses in the form of systemic chemokines are 
also dampened in BCG-vaccinated elderly individuals.

Systemic inflammation is typically characterized by elevations in 
the levels of APPs, including CRP, a-2M, haptoglobin, and serum 
amyloid P. Recent studies have reported that there is a higher con-
centration of inflammatory markers such as CRP in patients with 
severe or moderate SARS-CoV-2 infection and during the longitu-
dinal follow-up levels of CRP steadily declined within 10 days after 
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Fig. 5. BCG vaccination results in diminished plasma levels of growth factors. The plasma levels of growth factors in BCG prevaccinated (M0) (n = 82) and M1 after 
vaccination (n = 82) are shown. Data are shown line diagrams with each line representing a single individual. P values were calculated using the Wilcoxon matched-pair 
tests with Holm’s correction for multiple comparisons. The plasma levels of MMPs in BCG-unvaccinated (UVC) (n = 55) and postvaccinated (M1) (n = 82) individuals are also 
shown. The data are represented as scatter plots with each circle representing a single individual. P values were calculated using the Mann-Whitney test with Holm’s 
correction for multiple comparisons.
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admission in moderate and severe cases, indicating that CRP can be 
used as the potent inflammatory biomarker (29). In this study, we 
wanted to determine the effect of BCG vaccination on APPs and 
report that CRP, a-2M, and haptoglobin were significantly diminished, 
indicating that, upon BCG vaccination, the inflammatory responses 
are significantly modulated.

MMPs are discharged during lung inflammation in the extra-
cellular matrix that leads to elevated chemokines with inflammatory 
properties (30). Published studies clearly demonstrated that MMP-3 
and MMP-9 were significantly elevated and also act as immune 
markers for inflammation in patients with COVID-19 (31, 32). In 
this study, we demonstrate that almost all the estimated MMPs, 
MMP-1, MMP-2, MMP-3, MMP-7, MMP-8, MMP-9, MMP-12, 
and MMP-13, were significantly down-regulated at 1 month after 
vaccination when compared to baseline. Thus, BCG is likely to po-
tentially limit any damaging inflammatory responses induced in the 
lung during COVID-19 as well. Growth factors and their receptors 

are known to be involved in the process of viral infection. Not many 
growth factors except VEGF appear to be an essential player in the 
pathogenesis of many viral diseases including SARS-CoV-2 (33, 34). 
Few studies have reported that, among the VEGF family subtype, 
VEGF-D was recognized as the main indicator linked to the severity 
of COVID-19 (35). In our study, many of the measured growth fac-
tors were significantly diminished in 1-month BCG postvaccinated 
individuals compared to baseline, indicating that even growth factors 
associated with inflammation are dampened.

In conclusion, the current study emphasizes that the effect of 
BCG vaccination is safe and does not lead to increased inflamma-
tion in elderly individuals. The results from this study not only cor-
roborate the immunomodulatory properties of BCG vaccination 
but also reveal a clear effect of (non)specific immunogenicity of 
BCG vaccination on systemic inflammation. These results suggest 
that BCG could potentially act to inhibit the biomarkers of in-
flammation by the immune cells in the blood, but this remains to be 
proven. In addition, it is still unknown as to how long this inhibitory 
effect can persist. In this study, we report that recent BCG vaccina-
tion was not associated with hyperinflammation but was, in turn, 
associated with down-modulated basal inflammatory status, which 
might play a protective role in elderly population against inflamma-
tory diseases. In addition, it is quite possible that pathogen-specific 
immune responses are not affected by BCG vaccination or, in con-
trast, actually enhanced. We do not have a placebo control group in 
our study (only unvaccinated controls at baseline), and this is a major 
limitation. Our findings also provide a mechanistic explanation for 
the findings in which BCG protected against or improved the out-
comes in inflammatory, allergic, or autoimmune diseases. An improved 
understanding of these results may support the vaccine efficacy and 
explore innovative applications of BCG vaccination.

MATERIALS AND METHODS
Ethics statement
The study was approved by the ethics committees of National Institute 
for Research in Tuberculosis (NIRT) (NIRT-INo:2020010). Informed 
written consent was obtained from all participants. The study is 
part of the clinical trial entitled “Study to evaluate the effectiveness 
of BCG vaccine in reducing morbidity and mortality in elderly indi-
viduals in COVID-19 hotspots in India.” The study was also regis-
tered in clinical trial registry (NCT04475302).

Study population
To study the immunological effects of BCG vaccination, n = 82 
elderly individuals, between 60 and 80 years, residing in hot spots 
for SARS-CoV-2 infection were included in the study between 
June 2020 and October 2020 in Chennai, India after obtaining informed 
consent from the study participants. Eighty-two participants received 
a single dose of BCG vaccine (freeze-dried) manufactured by Serum 
Institute of India, Pune. The adult dose of BCG vaccine was 0.1 ml, 
injected intradermally over the distal insertion of the deltoid muscle 
onto the left humerus (approximately one-third down the left upper 
arm). Elderly individuals (n = 55) not vaccinated from the same hot 
spot area were considered as controls. Demographic profile of study 
population is described in Table 1. Blood was drawn from the vaccinated 
participants at baseline (before vaccination) and at 1 month following 
vaccination. Main exclusion criteria were elderly population positive 
for SARS-CoV-2 infection by either antibody (serology) or polymerase 

Table 1. Demographic profile of the study population. SpO2%, oxygen 
saturation.  

BCG-vaccinated BCG-
unvaccinated

Participants enrolled n = 82 n = 55

M0 (n = 82) M1 (n = 82)

Age (median) 66 (60–78) 65 (60–80)

Gender (M/F) 50/32 34/21

Height (median) 158 cm 155 cm

Weight (median) 61.4 kg 63 kg

Pulse rate (median) 88 88

Systolic blood pressure 
(median) 140 140

Diastolic blood pressure 
(median) 82 80

SpO2% (median) 98 98

Smoking, no. (%) 3 (3.6%) 3 (2%)

Alcoholism, no. (%) 5 (6.1%) 3 (2%)

Diabetes mellitus 25 (30.5%) 29 (52%)

Cardiovascular disease, 
no. (%) 10 (12.2%) 9 (16%)

Respiratory diseases,  
no. (%) 8 (9.8%) 7 (12%)

Musculoskeletal 
disease, no. (%) 0 1 (1%)

Gastrointestinal, no. (%) 1 (1.2%) 0

Genitourinary, no. (%) 2 (2.4%) 1 (1%)

Endocrine, no. (%) 35 (42.7%) 17 (30%)

Hematological, no. (%) 0 0

Neoplasia, no. (%) 0 0

Dermatological, no. (%) 6 (7.3%) 1 (1%)

Neurological, no. (%) 0 1 (1%)

Psychological, no. (%) 0 0

Allergies, no. (%) 2 (2.4%) 0
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chain reaction test; known HIV, malignancy, transplant recipient, or 
on dialysis; recently (in the last 6 months) diagnosed with TB or 
currently on anti-TB treatment or antipsychiatric medications; and any 
BCG vaccine contraindication like allergy or hypersensitivity to BCG.

Multiplex assays
Circulating plasma levels of APPs, cytokines, chemokines, and MMPs 
were measured using the Luminex MAGPIX Multiplex Assay system 
(Bio-Rad, Hercules, CA). MILLIPLEX MAP Human Cardiovascular 
Disease (Acute Phase) Magnetic Bead Panel 3 was used to measure 
the APPs, Luminex Human Magnetic Assay Kit 45 Plex (R&D 
Systems) was used to measure the cytokines and chemokine levels, 
and Luminex Human Magnetic MMP Assay Kit 8 Plex (R&D Sys-
tems) was used to measure the MMP levels. The lowest detection 
limits for APPs was as follows: a-2M, 0.49 ng/ml; CRP, 0.05 ng/ml; 
haptoglobin, 0.06 ng/ml; and serum amyloid A-1, 0.06 ng/ml. The 
lowest detection limits for cytokines were as follows: IFN, 5.7 pg/ml; 
IL-2, 3.6 pg/ml; TNF, 12.4 pg/ml; IL-1, 10.6 pg/ml; IL-1, 3.5 pg/ml; 
IFN, 3.9 pg/ml; IFN 3.25 pg/ml; IL-6, 9.0 pg/ml; IL-12, 18.5 pg/ml; IL-15, 
2.5 pg/ml; IL-17A, 9 pg/ml; IL-3, 17 pg/ml; IL-7, 3.5 pg/ml; 
G-CSF, 8.4 pg/ml; GM-CSF, 18.4 pg/ml; IL-4, 1.1 pg/ml; IL-5, 
6.2 pg/ml; IL-13, 31.8 pg/ml; IL-10, 32.2 pg/ml; IL-25, 18.4 pg/ml; 
IL-33, 13.8 pg/ml; and IL-1Ra, 11.7 pg/ml. The lowest detection 
limits for chemokines were as follows: CCL2, 5.9 pg/ml; CCL3, 
5.1 pg/ml; CCL4, 103.8 pg/ml; CCL5, 297 pg/ml; CCL11, 21.6 pg/ml; 
CCL19, 3.9 pg/ml; CCL20, 2.4 pg/ml; CXCL1, 19.1 pg/ml; CXCL2, 
21.1 pg/ml; CXCL8, 1.4 pg/ml; CXCL10, 2.6 pg/ml; and CX3CL1, 
188 pg/ml. The lowest detection limits for MMPs and growth factors 
were as follows: MMP-1, 23.87 pg/ml; MMP-2, 91.7 pg/ml; MMP-3, 
77.9 pg/ml; MMP-7, 78.4 pg/ml; MMP-8, 84.9 pg/ml; MMP-9, 
118.3 pg/ml; MMP-12, 9.2 pg/ml; and MMP-13, 211.3 pg/ml. 
VEGF, 5.9 pg/ml; EGF, 8.6 pg/ml; FGF-2, 8.7 pg/ml; PDGF-AA, 5.2 pg/ml; 
PDGF-BB, 7.31 pg/ml; TGFa, 8.6 pg/ml; Flt-3 L, 22.9 pg/ml; granzyme 
B, 4.9 pg/ml; PDL-1, 69.3 pg/ml; and TRAIL, 22.5 pg/ml.

Statistical analysis
Geometric means were used for measurements of central tendency. 
Wilcoxon signed-rank test was used to compare the levels of inflam-
matory markers in BCG-vaccinated group at M0 and M1. Statistically 
significant differences between unvaccinated and BCG-vaccinated 
M1 groups were analyzed using the Mann-Whitney test. Analyses 
were performed using GraphPad Prism version 9.0.

SUPPLEMENTARY MATERIALS
Supplementary material for this article is available at http://advances.sciencemag.org/cgi/
content/full/7/32/eabg7181/DC1

View/request a protocol for this paper from Bio-protocol.
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