Trained immunity:
role for antiviral host defense
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Immune responses and severity of the infection

Non-genetic risk factors
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Introducing BCG in Norrbotten, Sweden, 1927-31
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"One could evidently be tempted to find an explanation for this much lower mortality

among vaccinated children in the idea that BCG provokes a non-specific immunity..."
Carl Naeslund 1932




';C°1 Effect of BCG Danish and oral polio vaccine on neonatal

‘i} | mortality in newborn babies weighing less than 2000 g in India
multicentre open label randomised controlled trial (BLOW?2)

Bethou Adhisivam,' Chinnathambi Kamalarathnam,” B Vishnu Bhat,” Kumutha Jayaraman,*
Siva P Namachivayam,” Frank Shann,”® Brent McSharry,” Ponrani David Raja,’

Mangalabharathi Sundaram®

Table 2 | Outcome data in newborn babies weighing <2000 g assigned to receive BCG Danish and OPV within 48 hours of admission (intervention) or

delayed at least to discharge (control)

Mortality rate (deaths/total person years); No

Early BCG-OPV Control Adjusted hazard ratio (95% Cl) P value*

Deaths <28 days (primary outcome) 1.29 (238/184); 2714 1.50 (273/182); 2706 0.83 (0.69 to 0.98) 0.03
Deaths from infection 0.40 (73/184); 2707 0.73(133/182); 2702 0.53 (0.40t0 0.70) <0.001t
Deaths from non-infectious cause 0.89 (164/184); 2707 0.77 (139/182); 2702 1.10 (0.88 to 1.39) 0.41%
Deaths in hospital 2.33(237/102); 2714 2.69 (269/100); 2706 0.83 (0.70 t0 0.99) 0.04%
Deaths <28 days; controls censored when BCG-OPV given <28  1.29 (238/184); 2714 2.25(273/121); 2706 0.78 (0.65t0 0.93) 0.006%
days (original primary outcome)
Per protocol analysis 1.28 (236/184); 2702 2.26 (275/122); 2709 0.77 (0.65t0 0.92) 0.0048§
Time of death after enrolment (days):

0-2 2.53(56/22.1); 2714 3.41(75/22.0); 2706 0.72 (0.51 to 1.03) 0.079

3-6 3.48 (99/28.4); 2658 4.13(116/28.1); 2631 0.84 (0.64 t0 1.10) 0.219

7-27 0.62 (83/134); 2553 0.62 (82/132); 2512 0.91 (0.67 to 1.24) 0.559

thebmj | BMJ2025;390:e084745 | doi: 10.1136/bmj-2025-084745



BCG vaccination in vivo & yellow fever vaccine
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Innate versus sPecd-'lc immunity
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BCG enhances monocyte-derived cytokines

BCG vaccination scheme
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Long-term epigenetic reprogramming in myeloid cells

Histones
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Long-term epigenetic reprogramming in myeloid cells
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Trained immunity: mechanisms
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BCG vaccination impact on human bone marrow at
single cell level
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BCG vaccination has impact on human bone marrow
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Trained immunity regulates myelopoieis

Induction of
*  Systemically, trained immunity is regulated trained immunity
in bone marrow

by bone marrow progenitor cells _
Trained monocytes

in the blood

. lts induction leads to ‘trained’ myelopoiesis Monocyte

GMP

GMP= Granulocyte Monocyte Progenitor
CMP= Common Myeloid Progenitor
MPP= Multipotent Progenitor

HSC= Hematopoietic Stem Cells
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ACTIVATE study
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BCG-Prime study in the Netherlands (n=3000+3000)
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BCG-Elderly study in the Netherlands
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Cumulative incidence

0.004 0.008
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BCG-Prime study in the Netherlands (n=3000+3000)
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BCG effect on all-cause mortality in COVID19 RCTs

Country; Vaccine used; population; test
reference
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up, interim analysis
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Aaby et al, Lancet ID 2022
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4/500 0 (undefined)
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P=0.04
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RESEARCH ARTICLE
Use of oral polio vaccine and the incidence of
COVID-19 in the world

Farrokh Habibzadeh ', Konstantin Chumakov®, Mohammad M. Sajadi*®,

Mahboobeh Yadollahie®, Kristen Stafford*°, Ashraf Simi?, Shyamasundaran Kottilil**,
4,54

Iman Hafizi-Rastani?, Robert C. Gallo
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nemo [Open. o

Original Investigation | Infectious Diseases

COVID-19 Infection Among Women in Iran Exposed vs Unexposed to Children
Who Received Attenuated Poliovirus Used in Oral Polio Vaccine

Farrokh Habibzadeh, MD; Mohammad M. Sajadi, MD; Konstantin Chumakov, PhD; Mahboobeh Yadollahie, MD; Shyamasundaran Kottilil, MD, PhD; Ashraf Simi, BScN;
Kristen Stafford, PhD; Saeid Saeidimehr, MD; Mohammad Rafiei, MD; Robert C. Gallo, MD
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SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

ADJUVANTS

Functional and epigenetic changes in monocytes from
adults immunized with an ASO1-adjuvanted vaccine
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Infectious Diseases Society of America hiv medicine association OXFORD

The Journal of Infectious Diseases FeT] h
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Recombinant Adjuvanted Zoster Vaccine and Reduced
Risk of Coronavirus Disease 2019 Diagnosis and
Hospitalization in Older Adults

Katia J. Bruxvoort,"?® Bradley Ackerson,"? Lina S. Sy,' Amit Bhavsar,® Hung Fu Tseng,"* Ana Florea,' Yi Luo,' Yun Tian,' Zendi Solano,' Robyn Widenmaier,®
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Systems vaccinology of the BNT162b2 mRNA

vaccinein humans
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Vaccines combining trained immunity and adaptive memory

Innate immune memory
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Trained immunity-inducing vaccines as a tool
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Trained immunity-inducing vaccines as a tool

Non-genetic risk factors

b

Age Sex (male)
Smoking Obesity

Co-morbidities

n

Lung diseases Hypertension

o "B

Cardiovascular Diabetes
diseases

Genetic factors

i

Early phase/prevention

High innate Low viremia

* immune response

Low innate
immune response

u
— t
&

B g

1

Trained immunity-based
boosting

Chumakov et al, PNAS 2021

Late phase/treatment

Low symptoms

: : ———> Survival
Low inflammation

Hyperinflammation
_
High severity

o |

Death

Blocking autoinflammatory

loop (anti-IL-1/6)

Radboudumc



Triggers
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Host-Directed Therapy in Pandemic Preparedness

Mihai G. Netea, MD, PhD; Frank L. van de Veerdonk, MD, PhD; Evangelos J. Giamarellos-Bourboulis, MD, PhD

The importance to add insuring immunomodulatory therapy for pandemic
preparedness:

Mortality in many (if not most) patients with severe influenza or coronavirus
infections is due to immune dysregulation

Immune dysrequlation is antigen- and virus-agnostic

More people were saved by steroids/anti-IL6/anti-IL-1 therapy than
antivirals during the COVID-19 pandemic

Production capacity is limited

We do not know which immunotherpay would be effective in influenza
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