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Abstract: Background: Antimicrobial peptides are an important component of host defense against
Mycobacterium tuberculosis. However, the ability of BCG to induce AMPs as part of its mechanism of
action has not been investigated in detail. Methods: We investigated the impact of Bacillus Calmette—
Guerin (BCG) vaccination on circulating plasma levels and TB-antigen stimulated plasma levels of
AMPs in a healthy elderly population. We assessed the association of AMPs, including Human Beta
Defensin 2 (HBD-2), Human Neutrophil Peptide 1-3 (HNP1-3), Granulysin, and Cathelicidin (LL37),
in circulating plasma and TB-antigen stimulated plasma (using IGRA supernatants) at baseline
(pre-vaccination) and at Month 1 and Month 6 post vaccination. Results: Post BCG vaccination, both
circulating plasma levels and TB-antigen stimulated plasma levels of AMPs significantly increased
at Month 1 and Month 6 compared to pre-vaccination levels in the elderly population. However,
the association of AMP levels with latent TB (LTB) status did not exhibit statistical significance.
Conclusion: Our findings indicate that BCG vaccination is linked to heightened circulating levels
of AMPs in the elderly population, which are also TB-antigen-specific. This suggests a potential
mechanism underlying the immune effects of BCG in enhancing host defense against TB.
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1. Introduction

The Bacillus Calmette-Guérin (BCG) vaccine, made from Mycobacterium bovis, is one
of the oldest and most well-known live attenuated vaccines for tuberculosis (TB), having
been introduced in 1921 [1,2]. Its inclusion in the Expanded Program on Immunization
(EPI) Schedule by the World Health Organization (WHO) in 1974 solidified its status as a
universal vaccine, administered to over 130 million children worldwide [3], with incredible
safety records [4,5]. Despite its extensive usage, TB persists as a global health challenge,
with over 10 million new cases annually, leading to more than 1.3 million deaths each
year [6-8]. Significantly, research conducted during the COVID-19 pandemic suggested
a potential connection between BCG vaccination and a lower incidence of COVID-19
infection in countries with widespread BCG coverage [9,10]. Beyond its primary purpose
in preventing TB, the vaccine has demonstrated efficacy in reducing mortality rates from
other infections in children by approximately 50% [4,11,12]. Recognized as the sole vaccine
for newborns providing TB protection up to 10 years of age, BCG’s effectiveness may
extend even longer, as evidenced by studies suggesting efficacy lasting up to 20 years [3,13].
Despite its proven benefits, the vaccine’s efficacy remains suboptimal [14-16], prompting
ongoing investigation into the immunological factors underlying its ability to enhance
immunity, particularly in elderly populations.
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Antimicrobial peptides (AMPs), also referred to as cationic host defense peptides
(HDPs) and traditional bacterial scavengers, are emerging as a promising research focus for
combating tuberculosis (TB) [17,18]. Encoded genetically, these peptides play a pivotal role
in the innate immune response, boasting bactericidal activity against TB [19,20]. Due to
their amphipathic nature, AMPs exhibit a range of biological activities, including disrupt-
ing microbial membranes, interfering with intracellular processes, and modulating host
immune responses [18,21-23]. Notable among these peptides are Human Beta Defensin 2
(HBD-2), Human Neutrophil Peptide 1-3 (HNP1-3), Granulysin, and Cathelicidin (LL37),
which have shown efficacy in controlling bacterial infections in in vitro studies [24-28].
While BCG-stimulated epithelial cells have been found to induce the mRNA expression
of HBD-2 [29], the levels of AMPs in BCG-vaccinated elderly populations have not been
extensively studied. The elderly population will undergo a state of dysregulated immune
function due to age known as immunosenescence which is attributed to increased sus-
ceptibility to infection. M.tb being a thriving intracellular bacterium would tend to infect
immunocompromised elderly individuals [30,31], leading to morbidity and mortality of
these populations at risk. Currently, major vaccines such as the COVID-19 vaccine, in-
fluenza vaccine, pneumococcal vaccine, DTaP Vaccine (diphtheria, tetanus and pertussis),
and shingles vaccine are recommended by CDC for people older than 60 years of age [32].
In a country like India, where the elderly population is often overlooked due to overpopula-
tion and is projected to reach 179 million by 2031, proper vaccine administration is essential
for their preventive care [33,34].

This study aims to investigate the influence of BCG vaccination on circulating plasma
and TB-antigen-stimulated plasma levels of AMPs in healthy elderly individuals, shedding
light on potential immunomodulatory effects in this demographic. In this work, we per-
formed a detailed examination of both systemic and TB-antigen-stimulated antimicrobial
peptide levels in elderly individuals before BCG vaccination and after BCG vaccination at
Month 1 and Month 6. Also, within this population, the association of the AMPs between
latent TB-positive and latent TB-negative individuals were analyzed.

2. Materials and Methods
2.1. Ethics Approval

Our study received approval from the ethics committee of the National Institute for
Research in Tuberculosis (NIRT) with the reference number NIRT-2020010. All participants
provided written informed consent before enrollment. The study is part of a clinical trial
titled “Study to evaluate the effectiveness of BCG vaccine in reducing morbidity and
mortality in elderly individuals in COVID-19 hotspots in India”. Additionally, the study
was registered in the clinical trial registry under the identifier NCT04475302.

2.2. Study Population

A total of 82 participants aged between 60 and 80 years, residing in COVID-19 hotspots
in Chennai, were enrolled in the study from June 2020 to October 2020 in the midst of
the pandemic. Each participant received a single dose of 0.1 mL BCG vaccine (freeze-
dried, manufactured by Serum Institute of India, Pune, India) intradermally over the distal
insertion of the deltoid muscle on the left humerus. (The composition of the BCG vaccine
was live, attenuated Bacillus Calmette—Guerin strain with every 1 mL containing between
2 x 10° and 8 x 10° Colony Forming Units (CFUs) with diluent: Sodium Chloride Injection
L.P) In total, 10 mL of heparinized blood and QuantiFERON(QIAGEN, Germantown, MD,
USA) tubes were collected before BCG vaccination (baseline-BL) and follow-up assessments
were conducted at Month 1 (M1) and Month 6 (M6) post vaccination. Heparinized whole
blood was centrifuged at 2600 rpm for 10 min, and plasma was separated and aliquoted
in the multiple tubes. During the screening phase for HIV and SARS-CoV-2 antibody
testing, 2 mL of whole blood was collected in serum tubes. Table 1 provides a detailed
demographic profile of the study population. Blood samples were collected during both the
screening and enrollment phases, with screening samples obtained within two days prior
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to enrollment. During the screening phase, these samples were tested for SARS-CoV-2 IgG
antibodies and HIV. In the enrollment phase, blood samples were collected at several time
points: baseline (the day before BCG vaccination), 1 month (M1), and 6 months (M6) after
vaccination. At the time of enrolment, all individuals were screened for latent TB infection
(LTBI) by using QuantiFERON TB Plus; among the participants, n = 45 were LTBl-positive
and n = 37 were LTBI-negative. Key exclusion criteria were elderly individuals who tested
positive for SARS-CoV-2 through either antibody (serology) or PCR tests; individuals
with known HIV, malignancy, or those undergoing transplantation or dialysis; those who
were recently diagnosed with tuberculosis (TB) by smear or culture positivity within the
previous 2 to 6 months or were receiving anti-TB treatment at the time or anti-psychiatric
medications within the previous 6 months; and individuals with any contraindications to
the BCG vaccine, such as allergies or hypersensitivity. The study population at baseline
and M1 has been reported previously [35,36]. The most common adverse events following
BCG vaccination were erythema or redness at the injection site, followed by soft swelling.
Both of these effects resolved within a few days.

Table 1. Demographics of the elderly population.

S.No Parameters Baseline (n = 82)
1 Age (years), Median [IQR] 65 (61, 70)
2 Gender (M/F), n 53/29
3 Height (cm), Median (IQR) 159 (151.0, 165.8)
4 Weight (Kg), Median (IQR) 56.55 (52.62, 62.48)
5 Pulse Rate, Median (IQR) 88.50 (82, 95)
6 Systolic Blood Pressure, Median (IQR) 130 (120, 146)
7 Diastolic Blood Pressure, Median (IQR) 80 (70, 90)
8 SPOS%, Median (IQR) 97 (97,98)
9 Smoking, n (%) 9(8)
10 Alcoholism, n (%) 8 (8)
11 Diabetes Mellitus (%) 36 (43)
12 Cardiovascular Disease, n (%) 15 (18)
13 Respiratory Disease, n (%) 12 (14)
14 Musculoskeletal Disease, n (%) 1(1)
15 Gastrointestinal Disease, n (%) 1(1)
16 Endocrine Disease, n (%) 24 (28)
17 Dermatological Disease, n (%) 17 (20)
18 Allergies, n (%) 2(1)
19 Neurological Disease, n (%) 1(1)
Positive—45 (55)
20 LTBI Status, n (%)

Negative—37 (45)
All required data were captured only during baseline; no specific data were collected during the follow-up time points.

2.3. Enzyme-Linked Immunosorbent Assay (ELISA)

Circulating plasma levels and TB-antigen-specific IGRA Supernatants) levels of an-
timicrobial peptides (AMPs) were measured using an Enzyme-Linked Immunosorbent
Assay (ELISA). The AMPs assessed included Human Beta Defensin 2 (HBD-2), Human
Neutrophil Peptide 1-3 (HNP1-3), Granulysin, and Cathelicidin (LL37). ELISA kits from
Mybiosource (San Diego, CA, USA) and Hycult biotech (Wayne, PA, USA) were used for
HBD2, HNP1-3, and LL37, while Granulysin was assessed using the Duoset Development
System (R&D Systems). The lowest detection limits for HBD2, HNP1-3, Granulysin, and
LL37 were 15.6 pg/mL, 1.56 ng/mL, 15.625 pg/mL, and 0.137 ng/mL, respectively.



Vaccines 2024, 12, 1065

40f11

100

10+

pg/ ml

HBD2

p <0.002

p <0.001

p <0.001

BL M1 M6

2.4. QuantiFERON-TB Plus Plasma (Supernatant) ELISA

For analyzing the TB-antigen-specific immune response, QuantiFERON-TB Gold Plus
plasma supernatants (QIAGEN, Germantown, MD, USA) were used. The QFT tubes com-
prised four components: NIL (for assessing immune status without stimulation), TB1 (TB1
antigen tube, which contains the ESAT-6 and CFP-10 peptide antigens to primarily detect
the CD4 T-cell response), TB2 (antigen tube, which contains additional shorter peptides
from ESAT-6 and CFP-10 to detect both the CD4 and CD8 T-cell responses), and mitogen
(serving as a positive control). To obtain the supernatant, 1 mL of patient whole blood was
incubated in these tubes according to the manufacturer’s instructions (QuantiFERON Plus
Kit; Qiagen, Valencia, CA, USA). Unstimulated or TB-antigen- or mitogen-stimulated whole
blood plasma (supernatants) were then used to analyze AMP levels.

2.5. Statistical Analysis

The concentration of antimicrobial peptides before and after (M1 and M6) BCG vac-
cination in the elderly population was determined using the Wilcoxon signed-rank test.
The Mann-Whitney test was performed to assess statistical significance based on latent
tuberculosis (LTB) status. Baseline, Month 1, and Month 6 data were represented in a single
plot using one-sample ¢-tests and Wilcoxon tests, with corresponding p-values calculated
manually. GraphPad Prism version 9.0 was utilized for data analysis.

3. Results
3.1. Elevated AMP Levels in Circulating Plasma Post BCG Vaccination

To assess circulating plasma AMP levels before and after BCG vaccination, we mea-
sured the systemic levels of HBD2, HNP1-3, granulysin, and LL37 (Cathelicidin) in the
elderly population, as depicted in Figure 1. Following BCG vaccination, elevated levels of
HBD2, HNP1-3, granulysin, and LL37 were observed at Month 1 and Month 6 compared to
baseline levels before vaccination. Specifically, at Month 1 post vaccination, the geometric
mean (GM) levels of HBD2 were 24.86 pg/mL (compared to 12.34 pg/mL at baseline),
those of HNP1-3 were 2.134 ng/mL (compared to 1.378 ng/mL at baseline), those of gran-
ulysin were 59.4 pg/mL (compared to 37.03 pg/mL at baseline), and those of LL37 were
1.283 ng/mL (compared to 0.786 ng/mL at baseline). Similarly, at Month 6 post vaccination,
the GM levels of HBD2 were 27.06 pg/mL, those of HNP1-3 were 19.11 ng/mL, those of
granulysin were 47.45 pg/mL, and those of LL37 were 0.371 ng/mL. Notably, while HBD2
and HNP1-3 exhibited a further increase at Month 6 compared to Month 1, the levels of
granulysin and LL37 declined at Month 6 relative to Month 1 post vaccination.

HNP 1-3 Granulysin LL37
p <0.001 p <0.001 p< 0.001
p < 0.001 p<0.011 p< 0.001
p < 0.004 p <0.001 p<0.001
1000 1000+ 10+
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Figure 1. Elevated AMP levels in circulating plasma post BCG vaccination. Wilcoxon rank analysis
was conducted to determine the significance level (p-value). Plasma levels of AMPs were measured
in an elderly population (n = 82). Data representation: an orange dot represents baseline, a blue dot
represents Month 1, and a light green dot represents Month 6.
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3.2. No Difference in AMP Levels between LTB-Positive and -Negative Individuals (Controls)

During enrolment, all participants were screened for LTBI using QuantiFERON Plus.
Among them, 45 individuals tested positive for LTBI, while 37 tested negative. The levels
of HBD2, HNP1-3, granulysin, and LL37 were analyzed based on IGRA status to assess
any differences between LTB-positive and -negative individuals (controls) (Figure 2). Our
analysis revealed no significant differences in AMP levels at baseline (Figure 2a), Month 1
(Figure 2b), and Month 6 (Figure 2c) between the two groups.
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Figure 2. No change in AMP levels between LTB-positive and LTB-negative individuals (controls).
Plasma levels of AMPs were measured in an elderly population with LTB-positive (n = 45) and
LTB-negative individuals (controls) (n = 37). The Mann-Whitney test was performed to determine the
significance between the two groups. Red dots represent LTB-positive, and dark green dots represent
LTB-negative individuals. AMPs levels are shown at (a) baseline (before BCG vaccination), (b) Month
1 after vaccination, and (c) Month 6 after vaccination.

3.3. Elevated AMP Levels in Unstimulated Whole Blood Post BCG Vaccination

To evaluate unstimulated AMP levels before and after BCG vaccination at Month 1
and Month 6, we measured the levels of HBD2, HNP1-3, granulysin, and LL37 (Figure 3).
Elevated levels of HBD2 were observed at Month 6 post vaccination (GM of 63.85 pg/mL
vs. baseline GM of 40.18 pg/mL, p < 0.005), while HNP1-3 exhibited increased levels at
both Month 1 (GM of 15.86 ng/mL vs. baseline GM of 14.36 ng/mL, p < 0.039) and Month
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6 (GM of 16.18 ng/mL vs. baseline GM of 14.36 ng/mL, p < 0.021) compared to baseline.
Furthermore, granulysin levels were elevated at Month 1 (GM of 172.6 pg/mL vs. baseline
GM of 116.9 pg/mL) and Month 6 (GM of 184.4 pg/mL vs. baseline GM of 116.9 pg/mL,
p < 0.001) post vaccination. LL37 levels also showed an increase at Month 1 (GM of
1.082 ng/mL vs. baseline GM of 0.61 ng/mL, p < 0.046) and Month 6 compared to baseline.
Notably, LL37 levels at Month 6 post vaccination (GM of 3.292 ng/mL) were higher than
both Month 1 (GM of 1.082 ng/mL) and baseline (GM of 0.61 ng/mL) levels.
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Figure 3. Elevated AMP levels in unstimulated whole blood at Month 1 and Month 6 post BCG
vaccination compared to pre-vaccination levels. Unstimulated plasma levels of AMPs were measured
in a healthy elderly population (n = 22) before vaccination (BL) and at Month 1 and Month 6 after
vaccination. Wilcoxon rank analysis was performed to determine the significance level (p-value).

3.4. Increased AMP Net Levels in TB-Antigen 1- and TB-Antigen 2-Stimulated Whole Blood Post
BCG Vaccination

To assess the impact of BCG vaccination on TB-antigen-stimulated AMP net levels,
we measured the concentrations of HBD2, HNP1-3, granulysin, and LL37 (Figure 4 for
TB-Antigen 1 and Figure 5 for TB-Antigen 2). Elevated levels of AMPs were observed at
both Month 1 and Month 6 post vaccination compared to baseline levels. For TB-Antigen 1
stimulation, HBD2 levels were significantly elevated at Month 1 (GM of 60.67 pg/mL vs.
baseline GM of 42.76 pg/mL, p < 0.014) and Month 6 (GM of 59.96 pg/mL vs. baseline GM of
42.76 pg/mL, p < 0.008). Similarly, HNP1-3 levels showed a significant increase at Month
1 (GM of 23.93 ng/mL vs. baseline GM of 16.97 ng/mL, p < 0.004) and Month 6 (GM of
32.96 ng/mL vs. baseline GM of 16.97 ng/mL, p < 0.001). Granulysin levels also exhibited
a significant elevation at Month 1 (GM of 171.4 pg/mL vs. baseline GM of 108.4 pg/mL,
p < 0.001) and Month 6 (GM of 178.5 pg/mL vs. baseline GM of 108.4 pg/mL, p < 0.001).
LL37 levels were notably increased at Month 6 post vaccination (GM of 3.79 ng/mL vs.
baseline GM of 0.83 ng/mL, p < 0.001).

Similarly, for TB-Antigen 2 stimulation, HBD2 net levels showed significant elevation
at Month 1 (GM of 54.28 pg/mL vs. baseline GM of 34.14 pg/mL, p < 0.004) and Month 6
(GM of 60.92 pg/mL vs. baseline GM of 34.14 pg/mL, p < 0.001). HNP1-3 levels were also
significantly increased at Month 1 (GM of 21.83 ng/mL vs. baseline GM of 16.3 ng/mL,
p < 0.028) and Month 6 (GM of 27.69 ng/mL vs. baseline GM of 16.3 ng/mL, p < 0.001).
Granulysin levels exhibited a significant elevation at Month 1 (GM of 157.3 pg/mL vs.
baseline GM of 109.7 pg/mL, p < 0.006) and Month 6 (GM of 187.2 pg/mL vs. baseline GM
of 109.7 pg/mL, p < 0.001). LL37 levels also showed a significant increase at both Month
1 (GM of 1.309 ng/mL vs. baseline GM of 0.754 ng/mL, p < 0.013) and Month 6 (GM of
4.194 ng/mL vs. baseline GM of 0.754 ng/mL, p < 0.001).
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Figure 4. Elevated AMP levels in TB-Antigen 1-stimulated whole blood at Month 1 and Month 6
post BCG vaccination compared to pre-vaccination levels. TB-Antigen 1-stimulated plasma levels of
AMPs were measured in a healthy elderly population (n = 22) before vaccination (BL) and at Month 1
and Month 6 after vaccination. Wilcoxon rank analysis was conducted to determine the significance
level (p-value).
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Figure 5. Elevated AMP levels in TB-Antigen 2-stimulated whole blood at Month 1 and Month 6
post BCG vaccination compared to pre-vaccination levels. TB-Antigen 2-stimulated plasma levels of
AMPs were measured in a healthy elderly population (n = 22) before vaccination (BL) and at Month 1

and Month 6 after vaccination. Wilcoxon rank analysis was performed to determine the significance
level (p-value).

3.5. No Change in AMP Net Levels in Mitogen-Stimulated Whole Blood Post BCG Vaccination

In contrast, there were no significant differences observed in AMP levels upon mitogen
stimulation before BCG vaccination and at Month 1 and Month 6 post vaccination (Figure 6).

HBD2 HNP 1-3 Granulysin LL37
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Figure 6. No change in AMP levels in mitogen-stimulated whole blood before BCG vaccination and at
Month 1 and Month 6 after vaccination. Mitogen-stimulated plasma levels of AMPs were measured
in a healthy elderly population (n = 22) before vaccination (BL) and at Month 1 and Month 6 after
vaccination. Wilcoxon rank analysis was conducted to determine the significance level (p-value).
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4. Discussion

Antimicrobial peptides (AMPs) interact with host cells by either penetrating them
or modulating the host immune response. Various published studies have underscored
the significance of AMPs in the host’s defense against tuberculosis (TB) [37]. Additionally,
several studies have demonstrated the effectiveness of AMPs in promoting autophagy for
bacterial elimination [37]. These small biomolecules, consisting of 20 to 60 amino acids,
are renowned for their role in the innate immune response and could be administered
alongside other anti-TB treatments. They exhibit high anti-mycobacterial activity with low
immunogenicity, making them promising therapeutic agents for TB [17,38]. Despite their
potential, few studies have investigated the impact of treatment on the systemic levels
of AMPs in active TB disease [23]. AMPs primarily eliminate pathogens by disrupting
the physical integrity of microbial membranes or by translocating across membranes
into bacterial cytoplasm to target intracellular components [18]. In vitro studies have
demonstrated that peptides like LL37 inhibit the growth of mycobacteria such as M. bovis
BCG, M. smegmatis, and H37Rv by enhancing the co-localization of M.tb with lysosomes
within phagosomes. However, several studies suggest that AMPs are weakly induced in
M.tb-infected macrophages [25,39,40].

Elderly individuals are particularly vulnerable to infectious diseases and other health
conditions due to inflammaging and immune senescence [41-43]. BCG vaccination con-
tinues to be regarded as safe, with very rare adverse effects observed, particularly in the
Brazilian population, where the second dose has shown minimal adverse effects compared
to the first dose [44]. Previous studies have reported vaccine efficacy of 9% up to five years
and 12% up to nine years of follow-up in children aged between 7 and 14 [45,46].

Our previous investigations within the same cohort aimed at assessing the impact of
BCG vaccination on COVID-19 susceptibility revealed that vaccinated individuals exhibited
decreased plasma levels of cytokines, chemokines, acute phase proteins (APPs), matrix met-
alloproteinases (MMPs), and growth factors [35]. Furthermore, in individuals with active
tuberculosis and comorbidities such as diabetes mellitus (DM), elevated levels of HNP1-3,
HBD?2, and LL37, along with decreased levels of granulysin, were observed compared
to individuals without DM. Notably, anti-TB treatment reversed the AMP levels in both
PTB-DM and PTB groups [47]. Additionally, our subsequent investigations indicated that
BCG vaccination not only increased the frequencies of plasmacytoid and myeloid dendritic
cells but also altered the levels of type I and type Il interferons, suggesting its potential to
induce a non-specific innate immune response [36]. Moreover, BCG vaccination was found
to enhance B cell subsets, indicating its role in augmenting heterologous immunity [48,49].

Our results indicate that BCG vaccination boosts the levels of antimicrobial peptides
(AMPs)—including HNP1-3, HBD2, LL37, and granulysin—in both circulating plasma and
plasma samples stimulated with TB antigens in healthy elderly individuals (Figures 1 and 3-5).
This implies that BCG vaccination not only boosts general innate immune responses but
also triggers the production of antimicrobial peptides (AMPs) specific to TB antigens (Fig-
ures 4 and 5). Furthermore, BCG has been associated with an increase in memory T cell
subsets and a strengthening of yC cytokine responses, suggesting its capacity to promote
broad adaptive immune responses [50]. Interestingly, there was no statistically significant
difference observed in AMP levels upon mitogen stimulation before BCG vaccination and
at Months 1 and 6 post vaccination. This suggests that the elevated AMP response induced
by BCG vaccination is primarily driven by TB antigens rather than by mitogen stimulation.

Diminished systemic and M.tb antigen-specific levels of HBD2, HNP1-3, LL37, and
granulysin have been observed in latent tuberculosis (LTB) individuals with low body mass
index (BMI), indicating a heightened risk of progression to active disease [51]. However, in
contrast to these findings, our data did not show any statistically significant differences
in AMP levels between LTB-positive and LTB-negative populations at baseline before
BCG vaccination, nor at Month 1 and Month 6 post vaccination (Figure 2). This lack of
significance may be attributed to confounding factors such as low BMI, which is strongly
associated with immune system dysregulation [52,53].
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A notable strength of our study is the follow-up of elderly participants for up to 6
months after BCG vaccination. However, a major limitation is the absence of a placebo
control group or an unvaccinated group, which could have provided valuable comparative
data. In summary, our study clearly demonstrates that circulating plasma levels and TB-
antigen-stimulated plasma levels of AMPs such as HBD2, HNP1-3, LL37, and granulysin
were significantly elevated at Month 1 and Month 6 post BCG vaccination compared to pre-
vaccination levels in the elderly population. Notably, the association of AMP levels with LTB
status did not show any statistical significance. These findings underscore the association
of BCG vaccination with enhanced circulating levels of AMPs in the elderly population,
which are also TB-antigen-specific and independent of LTB status. Further exploration of
these findings could aid in validating the efficacy of the vaccine by determining the break
point of pulmonary tuberculosis by following up the current elderly population with a
cross sectional study, and exploring novel applications for the BCG shot.

5. Conclusions

Our research has revealed that BCG vaccination is associated with increased levels of
antimicrobial peptides in the blood of elderly individuals. Notably, these elevated AMP
levels are specific to tuberculosis antigens. This observation suggests a possible mechanism
by which the BCG vaccine enhances the immune system’s ability to defend itself against
TB, particularly in older adults.
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