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Purpose: To analyze the interfering effect of plasma from COVID-19 convalescent adults vaccinated or not with intradermal Bacillus
Calmette-Guérin (BCG) on human macrophages.

Methods: The BATTLE clinical trial (NCT04369794) was initiated in the 2020 SARS-CoV-2 pandemic to study the safety and
efficacy of BCG revaccination of COVID-19 convalescent adults. We measured the expression induction of eleven COVID-19-related
genes in human macrophages cultured in plasma taken from 22 BCG vaccinated and 17 placebo patients at baseline and 45 days post-
intervention. Subgroup analysis was based on gender, age, job type (healthcare worker [HCW] vs non-HCW), and the presence of
anosmia/dysgeusia.

Results: Compared to plasma from placebo counterparts, the plasma of BCG vaccinated patients increased the expression induction of
interferon (IFN)B-1b (p = 0.042) in human macrophages. This increase was more pronounced in females and in healthcare workers
(HCW) (p = 0.007 and 0.001, respectively). Interferon-induced transmembrane protein 3 (IFITM3) expression induction was increased
by plasma from BCG vaccinated females, young age group, and HCWs (p = 0.004, 0.011, and 0.040, respectively). Interleukin (IL)-10
induction increased by the plasma of young BCG recipients (p = 0.008). Induction of IL-6 expression increased by non-HCW BCG
recipients plasma but decreased by HCW BCG recipients plasma (p = 0.005). Baseline plasma of patients who presented with
anosmia/dysgeusia at the time of admission induced lower angiotensin-converting enzyme 2 (ACE2) compared to those without the
symptom (0.76 vs 0.97, p = 0.004). ACE2 expression induction significantly increased by plasma of BCG recipients if they had
anosmia/dysgeusia on admission (p = 0.028).

Conclusion: The expressions of /FNS-1b, IFITM3, IL-6, and IL-10 in human macrophages incubated with the plasma of COVID-19
convalescent patients were modulated by BCG. These modulations depended on subject-specific characteristics, including gender, age,
clinical presentation (anosmia/dysgeusia), job type, and previous exposure to mycobacteria.
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Introduction
Bacillus Calmette-Guérin (BCG) is a modified, low-virulent Mycobacterium bovis vaccine. It is currently administered to
newborns in tuberculosis-endemic countries including Brazil to protect them against severe tuberculosis. The vaccine
also exhibits broad non-specific actions against non-mycobacterial infections, particularly respiratory viruses.'

The BATTLE randomized trial was designed in the early 2020 SARS-CoV-2 pandemic to test the safety of BCG
revaccination in COVID-19 convalescent adults based on its potential cross-protection against the virus.> ® The trial has
shown improved recovery from anosmia and dysgeusia in the participants with differential responses to BCG based on
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individual characteristics such as job type.® This subject-specific response to BCG in adults has been reported in the
literature, showing a unpredictable nature for BCG.”

In the current study, the main aim is to evaluate BCG-induced trained immunity by measuring the expression levels of
11 genes in cultured macrophages incubated with plasma of select BATTLE trial participants. As the secondary aim, we
investigate determinants of the subject-specific response to BCG, pairing patients by sex, age, job type (healthcare
worker [HCW] vs non-HCW) and the presence of anosmia/dysgeusia at the time of injection.

Materials and Methods

The BATTLE trial was a randomized, placebo-controlled study that administered BCG to convalescent COVID-19
patients. Details of the trial have been previously described.® Ethics approval was granted by the National Commission
for Research Ethics (CONEP), University of Campinas under number 31049320.7.1001.5404. Following extensive
discussion with the commission, the risk of BCG administration without testing for previous exposure was deemed
negligible, given that high doses of intravesical BCG are routinely administered to bladder cancer patients. The trial was
registered with ClinicalTrials.gov (NCT04369794, COVID-19 BATTLE trial).

In short, recently infected COVID-19 patients over the age of 18 who tested positive for SARS-CoV-2 via
nasopharyngeal reverse transcription—quantitative polymerase chain reaction (RT-qPCR) were approached in two out-
patient healthcare facilities. Volunteers who signed the consent form were randomly injected with 0.1 mL of intradermal
BCG or placebo (0.9% saline) within 14 days of symptom onset. Exclusion criteria included pregnancy, history of
compromised immunity, and inability or unwillingness to sign an informed consent. Blood samples were taken upon
admission and 45 days post-injection.

To address the primary and secondary aims of the current study, we designed a pilot study involving select BATTLE
trial participants based on their sex and age. Extremes of age (below 25 and over 60) were chosen due to the pilot nature
of the study. Ultimately, 22 BCG recipients and 17 placebo recipients were selected: five females younger than 25 years
old, four males younger than 25 years old, and five females older than 60 years old. Eight males older than 60 were
chosen from the BCG group and three were chosen from placebo (Figure 1). All selected patients had mild COVID-19
and none required hospitalization.

Genes Related to COVID-19 and Trained Immunity

Eleven genes were chosen as markers of enhanced antiviral immunity in response to BCG. Interferon-induced trans-
membrane protein 3 (IFITM3) blocks viral entry into cells and polymorphism in its gene is associated with susceptibility
to COVID-19."""" Tumor necrosis factor (TNF)-a is a proinflammatory cytokine produced early in SARS-CoV-2
infection that may induce tissue damage and lung fibrosis.'"'? Interferons are demonstrated to have antiviral
activity.'>'* Angiotensin-converting enzyme 2 (ACE2) is the key protein for SARS-CoV-2 entry into host cells and is
associated with disease severity.'”

Furthermore, COVID-19-specific symptoms of anosmia and dysgeusia are attributed to the virus’s attachment to
ACE2-producing supportive cells in the nasal cavity.'® Tyrosine protein kinase receptor UFO (AXL) is a protein that
facilitates entry of SARS-CoV-2 into human lung epithelial cells.'”'® Interleukin (IL)-1p, IL-6, IL-10, and Interleukin 2
receptor subunit alpha (IL2RA) are attributed to the COVID-19 cytokine storm and are candidates for targeted
immunotherapy in severe disease.'”?' Soluble IL2RA (CD25) is the receptor for IL-2 and is linked to severe
COVID-19.%? Caspase-8 activates the intracellular inflammasome in response to viral infection and has a role in pro-
inflammatory cytokine maturation.*®

Cell Viability Assay

To evaluate the cytotoxicity of incubation of macrophages with plasma from patients with COVID-19 before and after
BCG vaccination at different concentrations, cells were incubated with plasma at concentrations 1, 2.5, and 5% in the
treatment medium as described. Then, these cells were incubated in a buffer with MTT 0.5 mg/mL (M5655, Sigma
Aldrich) and glucose for 2h. Then, DMSO (Sigma Aldrich) was added, and the formazan formed from the mitochondrial
reaction of living cells with MTT was quantified using a spectrophotometer to read the absorbance measured at 560 1.**
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Figure | PRISMA flowchart of the BATTLE trial and selection of samples for the current study.

Cell Differentiation and Plasma Treatment

THP-1 lineage cells (TIB-202 — THP-1 — ATCC) were cultured according to the supplier’s cell bank specifications. Then,
cells (3x10°/well, 24 well plate) were differentiated into MO macrophages with Phorbol 12-myristate 13-acetate (PMA)
(P8139 — Sigma Aldrich) lug/mL for 24h. After resting for 4 hours in the culture medium without PMA, the THP-1
macrophages were incubated for 4 hours with patients’ plasma diluted at a concentration of 2.5% in the treatment
medium, which consists of the culture medium indicated by the supplier bank with reduced concentration of fetal bovine
serum (0.5%).2%%¢

Quantification of Gene Expression by qPCR

After 4h incubation with the plasma, the samples were resuspended in Trizol (Invitrogen Corporation, CA, USA) and had
their total RNA extracted and quantified by spectrophotometry. A total of 1000 ng of RNA from each sample were
reverse transcribed into complementary DNA in a thermal cycler using the High-Capacity cDNA Reverse Transcription
Kit (no. 4368813; Applied Biosystems, Foster City, CA, USA) according to its instructions. Then, the expression of
target genes was measured by real-time PCR. To this end, 20 ng of cDNA from each sample was added to 3 pL of master
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mix (TagMan Universal no. 4369016), 0.25 uL of demineralized water, and 0.25 pL of primer (ACE2 no. 021804.1,
IL2RA no. 001308242.1, IFITM3 no. 021034.2, IL-10 no. 000572.2, IL-6 no. 000600.4, TNF-a no. 000594.3, CASPS
no. 001137667.1, IL-1§ no. 9759921.8, AXL no. 001699, [FNLI no. 172140.1, IFNfB-1b no. 002176.3, Applied
Biosystems), and added in duplicate to a 96-well plate and analyzed on a StepOnePlus Real-Time PCR system
(Applied Biosystems). The peptidylprolyl isomerase-A (PPIA) gene expression of each sample was used as endogenous
control. Primers are described in Supplementary Table 1.

Statistical Analysis

Statistical analysis was performed using R version 4.1.2 on the RStudio platform 2022.07.1 +554 using the packages
tidyverse. Unpaired two-sided Wilcoxon rank-sum test was used for continuous variables [HO: true location shift = 0] and
Fisher’s exact test was used for categorical variables [HO: equal distribution]. The quantified RNA expression inductions
on admission were subtracted from the quantifications on day 45 post-intervention to calculate the change in these
measurements. We focused on subgroup analysis to determine individual factors that influence this change. The
subgroups were as follows: young age (<25) vs old age (>60), female vs male, HCW vs non-HCW, and the presence
or absence of anosmia/dysgeusia at the time of admission. Since this was a pilot study, the p-values were not adjusted for
multiple testing, and sensitivity analysis was not feasible due to limited sample sizes. All quantifications were described
by their median + interquartile range (IQR) for a more robust description. A p-value less than 0.05 was considered
significant. For the sake of this study, we did not separate anosmia and dysgeusia; the term anosmia/dysgeusia in the

results section signifies anosmia with or without concomitant dysgeusia.

Results

BCG and placebo groups were similar in all comorbidities and symptoms, except cough on admission (45.5% vs 11.8%,
p = 0.036), Supplementary Table 2. IFNS-1b expression induction by the plasma of BCG recipients significantly
increased after 45 days (+0.19 vs +0.01, p = 0.042) and /L2RA was borderline reduced after 45 days in the placebo
group (+0.17 vs —0.28, p=0.054), Table 1.

Table | Gene Expression Induction in Cultured Cells Exposed to Plasma of
Patients Receiving Placebo and BCG (45 Days Following Intervention)

Gene Expression BCG Placebo P value

IFITM3, median change * IQR 0.12 £ 0.40 —0.03 £ 036 | 0.11

TNF-a, median change £ IQR 0.08 £ 0.57 —0.01 £ 0.36 | 0.38
IFNBI, median change * IQR 0.19 £ 0.39 0.0l £0.33 0.042
IFNLI, median change * IQR 0.05 £ 0.63 —0.04 £ 0.65 | 0.51
ACE2, median change £ IQR 0.04 £ 0.57 -0.21 £ 0.40 | 0.10
AXL, median change % IQR -0.01 £031 | -0.02 + 0.3 | 0.86

Caspase-8, median change £ IQR | 0.08 + 0.37 —0.04 + 0.28 | 0.10

IL2RA, median change  IQR 0.17 + 0.86 —0.28 + 0.80 | 0.054
IL-18, median change * IQR 0.0l + 0.64 —0.04 + 0.35 | 0.4I
IL-10, median change * IQR —0.01 £0.38 | —0.13 £ 0.27 | 0.13
IL-6, median change £ IQR 0.40 + 1.15 —0.19 + 0.56 | 0.48

Abbreviations: IFITM3, interferon-induced transmembrane protein 3; TNF-qa, tumor necrosis
factor a; IFN, interferon; ACE2, angiotensin-converting enzyme 2; AXL, tyrosine protein kinase
receptor UFO; IL, interleukin; IL2RA, interleukin 2 receptor subunit alpha.
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BCG increased /FNpS-1b quantification in females (+0.12 vs —0.01, p = 0.007, Table 2A) and in HCWs (+0.25 vs
+0.01, p = 0.001, Table 2C). IFITM3 expression induction was significantly increased by BCG in females (+0.18 vs
—0.10, p = 0.004, Table 2A) in the young (+0.33 vs —0.10, p = 0.011, Table 2B) and in the HCWs (+0.12 vs —0.10, p =
0.040, Table 2C). An increase in /L-10 expression induction was observed in the young BCG recipients (+0.22 in the
young vs —0.20 in the old, p = 0.008, Table 2B). IL-6 expression induction was significantly increased in the non-HCW
BCG recipients (+0.16 in BCG & non-HCW vs —1.20 in BCG & HCW, p = 0.005, Table 2C). Of note, male placebo
recipients had borderline increase in TNF-a quantification after 45 days, whereas this quantification was borderline
decreased in female placebo recipients (+0.16 vs —0.13, p = 0.055, Table 2A).

At baseline, patients with anosmia/dysgeusia had significantly lower ACE2 expression induction compared to those
without the symptoms (+0.76 vs +0.97, p = 0.004, Figure 2). BCG significantly increased ACE?2 expression induction in
patients with anosmia/dysgeusia (+0.21 vs —0.05, p = 0.028, Table 2D). There was no significant difference in the other
quantifications based on this subgroup analysis except a borderline decrease in /L-/0 in placebo recipients without
anosmia/dysgeusia (—0.13 vs 0.00, p = 0.056).

Discussion

The BATTLE trial is unique among BCG clinical trials in that it injected the vaccine as a potential treatment to SARS-
CoV-2 infected patients rather than as prophylaxis to healthy individuals. This gave us the distinctive opportunity to
observe BCG’s interference in active antiviral responses.”’ >’ BCG vaccine contributes a non-specific type of immunity
in the human body called “trained immunity”.*® In this study, we quantified BCG’s “trained immunity” by measuring the
induction of 11 genes with non-specific anti-viral properties in human macrophage culture.

In general, compared to placebo, BCG significantly increased I/FNf-1b and borderline increased IL2RA expression
induction in COVID-19 convalescent patients. IFNB-1 is secreted by many cells and belongs to the type I family of
interferons with demonstrated anti-inflammatory effects. Both fibroblasts and epithelial cells can produce IFNp in
response to viral infections to reduce viral propagation.’'~? Treatment of severe COVID-19 with recombinant IFNp-
1b has shown promising results.*?

Subgroup analysis showed that IFNS-1b expression induction was robustly increased in females as well as HCW
BCG recipients. A differential change in the /FITM3 was also observed in females and young participants. [FITM3
codifies a membrane protein considered an “innate immune effector”. It is produced by many cells in response to various
viruses and reduces viral propagation. The protein is linked to susceptibility to SARS-CoV-2.'%'"*3 JFITM3 has not
previously been studied in BCG vaccination and could be a future candidate in understanding the mechanism of BCG’s
protection against viral diseases. Gender difference in immunity is not a novel subject, though it has been neglected.*® In
our study, the difference in the male versus female placebo recipients in TNF-a expression induction after 45 days reflects
published literature.*>*® Gender difference in response to BCG is also previously studied, showing involvement of sex
hormone and their receptors plus other factors.’ >’

Anosmia and dysgeusia were extensively studied in the BATTLE trial. Our group has shown that these symptoms
were recovered faster in BCG recipients.®*° In the current study, we showed that baseline ACE2 expression induction
was lower in patients with anosmia/dysgeusia. BCG increased this quantification only in those with the symptom. We
postulate that increased ACE?2 expression induction after BCG injection could be the result of reduced inflammation in
the paranasal cavities, allowing the supportive olfactory cells to heal.

The plasma of mild COVID patients with anosmia on admission induced lower ACE2 expression in macrophages
while BCG vaccination increased it to normal expression level. Although high ACE2 expression and anti-ACE2 IgM
antibody are both linked to severe COVID-19,'*** no BCG trial has shown any worsening of COVID-19 respiratory
complications.*?’

Previous exposure to mycobacterial species greatly changes the response to BCG. This interesting property of BCG is
extensively gaining attention; while immune response might fade with time, mainly for the BCG vaccine which is offered
in the first days of life, some researchers recommend the exclusion of patients with latent tuberculosis from all future
BCG-related clinical trials.”® In our study, we did not perform any test to determine recent exposure or latent
mycobacterial infection, based on safety of high BCG dose re-exposure in the bladder cancer treatment.*' However,

International Journal of General Medicine 2024:17 heeps: 3111
Dove:


https://www.dovepress.com
https://www.dovepress.com

aa0(

CIIE

:sdyyy

/1:70T DUIIP3] [e49USKE) JO [eunof [euoiIeuIdIU|

Table 2 Subgroup Analysis of the Effect of BCG-Recipients’ Plasma on Gene Expressions in Cultured Human Monocytes.

A Female (n = 20) Male (n = 19) p-value

Median change £ IQR BCG (n =10) Placebo (n =10) p-value BCG (n = 12) Placebo (n = 7) p-value BCG vs BCG Placebo vs Placebo
HCW, no. (%) 4 (40.0) 6 (60.0) 0.65 4 (33.3) 1 (14.3) 0.60 | 0.13
Young, no. (%) 5 (50.0) 5 (50.0) | 4 (33.3) 4 (57.1) 0.37 0.66 |
Anosmia, no (%) 5 (50.0) 7 (70.0) 0.65 4 (33.3) 3 (42.9) | 0.67 0.35
IFTM3 0.18 £ 0.19 —0.10 £+ 0.40 0.004 —0.01 £0.48 0.19 £ 031 0.84 0.25 0.088
TNF-a —0.04 £ 0.37 —0.13 £0.28 0.25 0.19 £ 0.88 0.16 £ 0.17 0.90 0.82 0.055
IFNp-1b 0.12 £ 0.19 —0.01 £ 0.26 0.007 0.24 + 1.07 0.09 + 0.37 0.43 0.45 0.087
IFNLI 0.1 £0.24 -0.17 £ 1.13 0.19 —0.09 £+ 0.86 0.08 + 0.51 0.90 0.31 0.60
ACE2 0.08 + 0.56 -0.21 £ 0.43 0.12 0.04 £ 0.53 —0.04 £ 0.31 0.43 0.97 0.60
AXL 0.04 + 0.29 -0.06 £ 0.32 0.28 -0.01 +0.39 0.19 £ 0.34 0.38 0.54 0.19
Caspase-8 0.07 £ 0.2 -0.09 £ 0.39 0.19 0.08 + 0.38 0.13 £ 0.23 0.43 0.46 0.19
IL2RA 0.52 £ 0.76 0.03 + 0.87 0.21 0.13 £ 0.95 -0.58 + 0.35 0.15 0.35 0.22
IL-18 —0.03 + 0.34 —0.08 + 0.43 0.85 0.12 £ 0.74 0.04 + 0.21 0.48 0.20 0.47
IL-10 0.05 + 0.25 -0.22 £ 0.39 0.11 -0.02 £ 0.52 —-0.08 £ 0.14 0.71 0.50 0.60
IL-6 —0.46 £ 1.18 —0.27 £ 1.55 0.80 0.14 £ 051 0.07 + 0.45 0.28 0.27 0.62
B Age < 25 (n =18) Age > 60 (n =21) p-value

Median change = IQR BCG (n =9) Placebo (n = 9) p-value BCG (n = 13) Placebo (n = 8) p-value BCG vs BCG Placebo vs Placebo
Female, no. (%) 5 (55.6) 5 (55.6) | 5 (38.5) 5 (62.5) 0.39 0.67 |
HCW, no (%) 2 (22.2) 3 (333) | 6 (46.2) 4 (50.0) I 0.38 0.64
Anosmia, no (%) 4 (44.4) 7 (77.8) 0.33 5 (38.5) 3 (37.5) I | 0.15
IFTM3 0.33 + 0.38 —0.10 £ 0.15 0.011 0.00 % 0.29 0.11 £ 0.4l 0.70 0.036 0.32
TNF-a —0.06 + 0.40 -0.04 + 0.43 0.60 0.19 £ 0.64 0.08  0.37 0.59 0.89 0.6l
IFNg-1b 0.17 + 0.34 0.0l + 0.39 0.08 0.21 = 0.51 0.02 % 1.13 0.30 0.51 0.96
IFNLI 0.12 £ 0.96 -0.21 £0.73 0.49 -0.09 + 0.54 -0.02 £ 0.56 0.86 0.39 0.74
ACE2 0.06 + 0.55 —0.11 £ 0.36 0.22 0.0l +0.44 —0.23 £ 0.45 0.34 0.56 0.96
AXL —0.04 + 0.25 —0.08 £ 0.18 0.44 0.00 £ 0. 32 0.08 + 0.40 0.86 0.84 0.61
Caspase-8 0.03 + 0.3 —0.07 £ 0.10 0.19 0.08 = 0.36 0.10 = 0.31 0.60 0.29 0.24
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IL2RA 0.04 + 0.25 —0.30 £ 0.63 0.16 0.68 + 1.03 —028 % 1.6 0.23 0.082 0.95
IL-18 -0.12 £ 0.88 —0.04 + 0.34 0.93 0.03 £ 0.32 —0.04 + 0.42 0.41 0.64 0.67
IL-10 0.22 + 0.35 -0.20 + 0.26 0.008 —-0.02 £ 0.29 -0.10 + 0.43 0.97 0.051 0.67
IL-6 0.07 + 0.61 —0.27 £ 0.72 0.28 —0.04 £ 1.12 0.16 £ 0.51 0.79 | 0.22
C HCW (n = 15) Non-HCW (n =24) p-value
BCG (n = 8) Placebo (n =7) p-value BCG (n = 14) Placebo (n = 10) p-value BCG vs BCG Placebo vs Placebo
Female, no. (%) 4 (50.0) 6 (85.7) 0.28 6 (42.9) 4 (40.0) | | 0.13
Young, no. (%) 2 (25.0) 3 (42.9) 0.60 7 (50.0) 6 (60.0) 0.70 0.38 0.64
Anosmia, no (%) 3 (37.5) 5(71.4) 0.31 6 (42.9) 5 (50.0) | [ 0.62
IFTM3 0.12 £ 043 —0.10 £ 0.25 0.040 0.1l £0.39 0.05 * 0.39 0.71 0.62 0.19
TNF-a 0205 —0.01 £0.33 0.09 —0.08 + 0.55 0.04 = 0.36 0.98 0.27 0.67
IFNp-1b 0.25 + 0.32 0.0l + 0.08 0.001 0.0l + 0.46 0.00 + 0. 39 0.47 0.069 0.88
IFNLI 0.07 £ 0.57 —-0.04 £ 1.37 0.61 -0.01 £0.76 —-0.11 £ 061 0.75 0.62 I
ACE2 —0.16 £ 0.75 —0.22 £ 0.52 0.34 0.08 + 0.35 —0.13 £ 0.33 0.21 0.76 0.60
AXL 0.08 + 0.24 0.02 + 0.47 0.69 -0.05 + 0.30 -0.05 + 0.29 0.84 0.33 0.96
Caspase-8 0.06 £ 0.15 -0.06 £ 0.27 0.15 0.10 + 0.37 0.09 £ 0.17 0.28 0.87 0.47
IL2RA 0.45 + 0.76 —0.04 + 1.58 0.46 0.12 £ 0.77 —-0.42 + 0.69 0.10 0.70 0.53
IL-1p 0.12 £ 0.38 —0.11 £0.39 0.28 0.0l £+ 0.40 0.00 * 0.27 0.98 0.71 0.47
IL-10 —0.02 £ 0.10 —0.21 £0.26 0.15 0.05 £ 0.53 —0.08 + 0.24 0.34 0.6l 0.47
IL-6 —1.20 £ 0.97 —0.34 £ 135 0.42 0.16 = 0.64 —0.04 £ 0.50 0.18 0.005 0.62
D Anosmial/dysgeusia on admission (n = 19) No anosmia/dysgeusia on admission (n =20) p-value
BCG (n=9) Placebo (n =10) p-value BCG (n = 13) Placebo (n = 7) p-value BCG vs BCG Placebo vs Placebo

Female, no. (%) 5 (55.6) 7 (70.0) 0.65 5 (38.5) 3 (42.9) I 0.67 0.35
Young, no. (%) 4 (44.4) 7 (70.0) 0.37 5 (38.5) 2 (28.6) | | 0.15
HCW, no. (%) 3(333) 5 (50.0) 0.65 5 (38.5) 2 (28.6) | 0.62 |
IFTM3 0.00 + 0.44 —0.03 £ 0.17 0.60 0.14 £ 0.32 -0.02 £ 0.73 0.27 0.65 0.96
TNF-a —0.02 £+ 0.42 0.0l £0.33 0.78 0.22 £ 0.79 —0.04 £ 0.41 0.39 0.47 0.74
IFNp-1b 0.17 £ 0.25 0.0l £ 0.10 0.09 0.21 + 0.96 0.04 + 0.50 0.18 0.65 0.67

(Continued)
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Table 2 (Continued).

IFNLI —0.09 + 0.20 —0.12 + 0.63 0.78 0.33 £ 0.98 0.08 + 1.13 0.35 0.47 0.8l
ACE2 0.21 £ 0.36 —0.05 + 0.39 0.028 —0.15 + 0.74 —0.24 + 0.47 0.39 0.096 0.31
AXL 0.00 + 0.25 0.04 + 0.26 0.84 —0.01 +0.31 —0.12 £ 0.56 0.35 0.79 0.16
Caspase-8 0.04 £ 0.11 —0.05 + 0.17 0.45 0.13 £ 0.37 0.13 + 0.65 0.18 0.21 |

IL2RA 0.21 + 1.56 0.03 +0.71 0.42 0.17 + 0.59 —0.59 + 0.34 0.067 0.97 0.32
IL-1p 0.03 + 0.38 —0.05 + 0.44 0.60 —0.02 + 0.47 —0.03 + 0.23 0.59 0.84 |

IL-10 —0.07 + 0.31 —0.1 +£0.27 0.90 0.00 + 0.32 —0.13 £ 0.35 0.056 0.35 0.31
IL-6 —0.46 + 1.13 0.07 + 0.47 0.78 0.09 + 0.50 —0.31 = 0.68 0.24 0.43 0.83

|e 39 Isong
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Notes: Subgroups are Based on (A) Gender, (B) Age, (C) Job Type, and (D) Presence or Absence of Anosmia/Dysgeusia on Admission. All Quantifications are Described as Median Change (Day 45 — Day 0) * Interquartile Range (IQR)
Abbreviations: HCW, healthcare worker; Young, patients less than 25 years old (the other age group is patients older than 60 years); IFTM3, interferon-induced transmembrane protein 3; TNF-a, tumor necrosis factor o; IFN,
interferon; ACE2, angiotensin-converting enzyme 2; AXL, tyrosine protein kinase receptor UFO; IL, interleukin; IL2RA, interleukin 2 receptor subunit alpha.
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Figure 2 (A) Baseline expression induction of the ACE2 gene was lower in patients with anosmia/ dysgeusia. (B) BCG increased expression induction of ACE2 only in those
with anosmia/dysgeusia.

our subgroup analysis of HCW vs non-HCW is largely based on occupational exposure to these bacteria. Table 2C shows
a more pronounced increase in /FITM3 and IFNfS-1b in HCW BCG recipients while /L-6 only increased in non-HCW
BCG recipients. In our previously published analysis of the BATTLE trial, we showed that HCWs had more rapid and
slightly more severe local skin reactions to BCG, suggesting recent exposure in this subgroup.® On the other hand,
anosmia/dysgeusia was mainly healed in non-HCW BCG recipients; this suggests that BCG is less likely to benefit those
with previous mycobacterial exposure.*® The differential response to BCG based on exposure can explain why BCG in
newborns is more predictable, making BCG the number one vaccine used worldwide;' in newborns BCG is injected
within a few hours of birth, to an individual that has not yet been exposed to any environmental pathogen, prompting
a more predictable response.*

Studies have shown that IL-10 cytokine release is indirectly stimulated by BCG through dendritic cell mediation. This
cytokine has anti-inflammatory properties.**** In our study, IL-10 expression was significantly influenced by BCG in
young patients. /L-6 gene in mononuclear cells is shown to be regulated by promoters that directly interact with
mycobacterial components.*> In our analysis, this gene’s expression was induced by BCG in non-HCWs. Both young
age and working outside healthcare reduce an individual’s chance of exposure to mycobacterial components. The
promoter of IL-6-coding gene may become less sensitive to mycobacterial components after frequent exposures.

Study limitations: this was a pilot study on samples acquired from a clinical trial with a different main aim. Numerous
statistical tests were performed on relatively small data, the p-values were not adjusted for multiple testing, and
sensitivity analysis was not feasible. Participants were not tested for latent TB.

Conclusion

The expressions of IFNS-1b, IFITM3, IL-6, and IL-10 in human macrophages incubated with the plasma of COVID-19
convalescent patients were modulated by BCG. These modulations depended on subject-specific characteristics, includ-
ing gender, age, clinical presentation (anosmia/dysgeusia), job type, and previous exposure to mycobacteria. Our study
provides new insights into BCG’s influence on active antiviral reactions. We strongly urge future BCG trials to aim
beyond preventive scopes and specifically design their studies for detailed subgroup analysis.

Data Sharing Statement
The availability of collected non-personal patient data and material transfer of this study are available after commu-
nication and agreement of the Lead Contact.
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