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ABSTRACT
The innate immune system, through pattern recognition receptors, intercepts any kind of pathogen and 
reacts through chemotactic, phagocyting, cytokines-secreting and cell-killing mechanisms in a very quick 
and effective way. Meanwhile, the adaptive immunity arm, through dendritic and T and B cells memory 
activation, is alerted and starts, more slowly, to produce antibodies, seen thanks to the progress of 
immunological investigations in comparative vertebrates, invertebrates, and vegetal models.

However, it has been stated that the innate immune system also displays adaptive potential in terms of 
reinfection resistance through immune memory, in addition to the modulation of responses against 
repeated low doses of lipopolysaccharides (Lps) or cross-immunization, starting from one pathogenic 
species and extending to others.
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Introduction

The innate immune system is older than the adaptive one, 
the latter being developed 500 million years ago and the 
former being invertebrates’ unique defense against infections 
and tissue and organ damage.1 Innate immunity is expressed 
by monocytes generated by myeloid bone marrow stem cells, 
macrophages, dendritic cells, natural killer, and lymphocytes, 
through the induction of interferons and cytokines. Adaptive 
immunity is subdivided into immunoglobulin production 
through T gene cells activation and β lymphocyte clones 
producing immunoglobulins (which is characteristic of 
jawed vertebrates or the stomatognathic system), and lym-
phocytes-receptors selection by a gene rearrangement-based 
response (which is characteristic of jawless vertebrates).2 

With the progress of immunological investigations, compar-
ing vertebrates, invertebrates and vegetal models, it has been 
stated that innate immune cells also display long-term adap-
tive potential rather than a particular transcription or func-
tional programme in terms of reinfection resistance through 
immune memory.3

This property has recently been defined as ‘trained immu-
nity’, a process that results in a more intense reaction to second-
ary infections, or none to infectious inflammatory agents.4–6

Essentially, this long-term adaptation of innate immune cells 
enables them, through PRRS, to react with stronger, more rapid or 
qualitatively different transcriptional responses when challenged 
with secondary noxious interaction acting through chemotactic, 
phagocyting, cytokines-secreting and cell killing mechanisms in 
a very quick and effective way.2 The immune system response is 
modulated by repeated low doses of lipopolysaccharides (Lps) and 
has the ability to cross-immunize from one pathogenic species to 
another.7 This happens because different stimuli [for example, β- 
glucan, LPS or bacillus (BCG) vaccines] can induce differently 

trained immunity programmes.8 Meanwhile, the adaptive immu-
nity arm, through dendritic and T&B cells memory activation, is 
alerted and starts the antibodies production more slowly.9 The 
training process involves changes in chromatin organization at 
the site of the proper domains [a topologically associating domain 
(TAD)], transcription of long non-coding RNAs (lncRNAs), 
DNA methylation and the reprogramming of cellular 
metabolism.4 Stimulation of innate immune cells is accompanied 
by the deposition of chromatin marks and changes in the DNA 
methylation status, leading to the unfolding of chromatin and 
facilitating the transcription and expression of proinflammatory 
factors.10 All these changes are only partially removed after cessa-
tion of the stimulus. The trained immunity does not involve gene 
recombination like the adaptive one, but instead involves tran-
scription reprogramming with a shorter memory if compared 
with the long-lasting and specific antibodies production process. 
This allows the quicker and more enhanced recruitment of tran-
scription factors and gene expression after a secondary challenge. 
In such a way, it modulates the reactions to pathogenic invading 
agents or any other endogenous-exogenous noxa by increasing or 
reducing the intensity accordingly with environmental factors and 
timing: this pivotal role is accomplished by inflammatory and 
anti-inflammatory cascades induced by the activation of this 
immunity arm, in order to mitigate with ‘tolerance’ the damage 
to tissues and organs induced exceedingly from inflammatory 
defense. The trained immunity is generally reversible and shorter 
lived than classical epitope-specific adaptive immunological 
memory.3,11 Importantly, however, recent studies have suggested 
transgenerational effects through the induction of trained 
immunity.12,13 The immunological phenotype has been proven 
to last at least 3 months and up to 1 year, but heterologous 
protection against infections induced by live vaccines can last for 
up to 5 years.14
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Although trained immunity is controlled by distinctive 
mechanisms and is less specific and of a shorter duration than 
adaptive immune memory,15 both fulfil the same principal func-
tion: a quicker and stronger response against pathogens and 
improved survival of the host. In vertebrates, this provides 
many examples of cross protection against different pathogenic 
agents, starting with the individual sensitizing contact. We have 
summarized this in the following Table 1:

Trained immunity has quite an old historical background 
based in the last century, having been adopted to fight 
cancer through immune modulation. The Coley toxin, from 
the culture of streptococci, BCG and C.parvum, was signifi-
cant in the field of immunotherapy, but only live attenuated 
BCG achieved a steady therapeutical role in surface- 
spreading bladder cancer, both alone and in combination 
with chemo and, even if not officially, also in treating mel-
anoma and lymphoma.

Especially in the eastern countries, β-glucan is currently 
used to control cancer growth, added to chemotherapy to 
stimulate immunotherapy and also in association with check 
points inhibitors.30 The better functioning of trained immunity 
to fight cancer is still a coveted goal in order to overwhelm 
immunosuppressive conditions and eventually to enhance the 
effectiveness of new vaccines and biological therapies.

Surprisingly, no author revisiting trained immunity 
throughout the history of immunotherapy has mentioned 
Propionibacterium acnes or Corynebacterium parvum, an his-
torical milestone in the past for breast and colorectal cancer 
immune schedules. This puzzling inactivated bacterium, 
injected subcutaneously, intravenously and intrapleurally, or 
in the peritoneum in tumor-bearing patients, showed strong 
oncolytic activity and good control of the neoplastic growth, 
without impacting definitively the overall survival rate.

For this reason, after having been registered by Wellcome & 
Burroughs in 1970 under the Coryparv brand, it was aban-
doned, and no more was prescribed. Nevertheless, there had 
been a great number of preclinical literature contributions 
about the antiviral activity of C. parvum against at least 50 
virus families challenged in the animal and veterinary pathol-
ogy model, and we personally had a very positive experiences 
using C.parvum to interrupt severe and clinically complicated 
common viral infections in humans. For this reason, we believe 
that C.parvum is very appropriate as a training immunity 
modulator, specifically against overall viral infections.

We wondered why its antiviral potential has been ignored 
for such a long time, until the recent Covid-19 pandemic 
urgently required an immediate barrier against contagion and 
the very first infection stages, during the gap between virus 
insulation and the availability of effective vaccines. The trained 
immunity expresses its memory function by modifying epithe-
lial stem cells and fibroblasts, but also promyeloblasts that 
generate monocyte and macrophages. The imprinted stem 
cells expressing receptors for several inflammatory mediators 
feedback their messages to the immune competent cells and to 
the epithelial defense barriers of the body. It is effective also 
upon bone marrow progenitor cells (central trained immu-
nity), as well as in blood monocytes and tissue macrophages 
(peripheral trained immunity).4

Thus, the inflammatory memory of epidermal stem cells is 
strictly related to their regenerative role when the impaired 
epidermal barrier has to be quickly restored in defense against 
infectious damaging agents.

In the clinical setting, trained immunity gives some advan-
tage in terms of infections protection and saving lives, and this 
has been verified with BCG, coley toxin, β-glucan and C.par-
vum, in immunotherapy, by activating macrophages and den-
dritic cells against pathogenic agents and cancer, and even in 
association with the modern biological therapies such as check 
point inhibitors.

In the current Covid-19 pandemic, we wanted to take 
advantage of the individual trained immunity mechanism 
because of its first-line role in virus access barriers and 
immediate virions destruction in the first infection stages, 
thus preventing their multiplication, viremia and major com-
plications to death.

In this antiviral perspective, the choice of the most appro-
priate ‘trigger’ for setting up and deflagrating innate immunity 
is undoubtedly the C.parvum because of its well-trained prop-
erty of taking control of viral infections in several experimental 
animals and veterinary models, which is reflected in the experi-
ence of Schindler et al. (1981) on mouse hepatitis coronavirus.31

Our pioneering, exciting clinical studies on abortions and 
herpes zoster were carried out in a very quick, safe and effective 
way not only on the skin vesicles, but also on the nociceptive 
system, and the subsequent experiences with some of the more 
complicated common viral infections (mumps, varicella, measles, 
influenza) definitely suggest this bacterium should be used to fight 
Covid-19 contagiousness and the very first stages of infection.

Disclosure of potential conflicts of interest

No potential conflicts of interest were disclosed.

ORCID

Beniamino Palmieri http://orcid.org/0000-0002-0871-138X
Maria Vadala’ http://orcid.org/0000-0001-7873-5072

References

1. Loker ES, Adema CM, Zhang SM, Kepler TB. Invertebrate immune 
systems–not homogeneous, not simple, not well understood. 

Table 1. Examples of cross protection against pathogenic agents.

The challenge with β-glucan induces resistance to Staphylococcus aureus 16,17

Muramyl dipeptide is secondarily effective against Streptococcus 
pneumoniae and Toxoplasma gondii infections

18

Flagellin induces protection against S. pneumoniae and rotavirus 19,20

Vaccination with the BCG vaccine was shown to protect animals against 
secondary infections with Candida albicans, Schistosoma mansoni and 
Mycobacterium tuberculosis, such as yellow fever or malaria, and this 
was associated with an augmented proinflammatory activity of 
monocytes treatment of malignancies such as bladder cancer, 
melanoma, leukemia and lymphoma.

21–28

Corynebacterium parvum, 50 virus families or live humans vaccines 
commonly used in pediatric protocols help to overwhelm different 
types of recurrent infections, herpes-virus latency increases resistance 
to the bacterial pathogens Listeria monocytogenes and Yersinia pestis 
through enhanced production of IFN-γ, and the systemic activation of 
macrophages

29

HUMAN VACCINES & IMMUNOTHERAPEUTICS 1605



Immunol Rev. 2004;198:10–24. doi:10.1111/j.0105-2896.2004. 
0117.x. PMID: 15199951.

2. Chaplin DD. Overview of the immune response. J Allergy Clin 
Immunol. 2010;125(2 Suppl 2):S3–S23. doi:10.1016/j.jaci.2009.12. 
980. PMID: 20176265.

3. Netea MG, Joosten LAB, Latz E, Mills KHG, Natoli G, 
Stunnenberg HG, O’Neill LAJ, Xavier RJ. Trained immunity: 
A program of innate immune memory in health and disease. 
Science. 2016;352(6284):aaf1098. doi:10.1126/science.aaf1098. PMID: 
27102489.

4. Netea MG, Giamarellos-Bourboulis EJ, Domínguez-Andrés J, 
Curtis N, van Crevel R, van de Veerdonk FL, Bonten M. Trained 
immunity: a tool for reducing susceptibility to and the severity of 
SARS-CoV-2 infection. Cell. 2020;181(5):969–77. doi:10.1016/j. 
cell.2020.04.042. PMID: 32437659.

5. Ochando J, Fayad ZA, Madsen JC, Netea MG, Mulder WJM. 
Trained immunity in organ transplantation. Am J Transplant. 
2020;20(1):10–18. doi:10.1111/ajt.15620. PMID: 31561273.

6. Zhong C, Yang X, Feng Y, Yu J. Trained immunity: an underlying 
driver of inflammatory atherosclerosis. Front Immunol. 2020;11 
(284). doi:10.3389/fimmu.2020.00284. PMID: 32153588.

7. Mohan T, Verma P, Rao DN. Novel adjuvants & delivery vehicles 
for vaccines development: a road ahead. Indian J Med Res. 
2013;138(5):779–95. PMID: 24434331.

8. Rusek P, Wala M, Druszczyńska M, Marek F. Infectious agents as 
stimuli of trained innate immunity. Int J Mol Sci. 2018;19(2):456. 
doi:10.3390/ijms19020456. PMID: 29401667.

9. Janeway CA Jr, Travers P, Walport M, Shlomchik MJ. 
Immunobiology: the immune system in health and disease. 5th 
ed. New York: Garland Science. Principles of innate and adaptive 
immunity; 2001. ISBN-10: 0-8153-3642-X.

10. van der Heijden CDCC, Noz MP, Joosten LAB, Netea MG, 
Riksen NP, Keating ST. Epigenetics and trained immunity. 
Antioxid Redox Signal. 2018;29(11):1023–40. doi:10.1089/ 
ars.2017.7310. PMID: 28978221.

11. Dominguez-Andres J, Netea MG. Long-term reprogramming of 
the innate immune system. J Leukoc Biol. 2019;105(2):329–38. 
doi:10.1002/JLB.MR0318-104R. PMID: 29999546.

12. Berendsen MLT, Bjerregård Øland C, Bles P, Aksel KGJ, 
Kofoed PE, Whittle H, de Bree LCJ, Netea MG, Martins C, 
Benn CS, et al. Maternal priming: Bacillus Calmette-Guérin 
(BCG) vaccine scarring in mothers enhances the survival of their 
child with a BCG vaccine scar. J Pediatric Infect Dis Soc. 2020;9 
(2):166–72. doi:10.1093/jpids/piy142. PMID: 30715451.

13. Moore RS, Kaletsky R, Murphy CT. Piwi/PRG-1 argonaute and 
TGF-β mediate transgenerational learned pathogenic avoidance. 
Cell. 2019;177(7):1827–1841.e12. doi:10.1016/j.cell.2019.05.024.

14. Nankabirwa V, Tumwine JK, Mugaba PM, Tylleskär T, 
Sommerfelt H, for the PROMISE- EBF Study Group. Child survival 
and BCG vaccination: a community based prospective cohort study 
in Uganda. BMC Public Health. 2015;15:175–175. doi:10.1186/ 
s12889-015-1497-8.

15. Kleinnijenhuis J, Quintin J, Preijers F, Joosten LAB, Ifrim DC, 
Saeed S, Jacobs C, van Loenhout J, de Jong D, Stunnenberg HG, 
et al. Bacille Calmette-Guerin induces NOD2-dependent nonspe-
cific protection from reinfection via epigenetic reprogramming of 
monocytes. Proc Natl Acad Sci U S A. 2012;109(43):17537–42. 
doi:10.1073/pnas.1202870109.

16. Marakalala MJ, Williams DL, Hoving JC, Engstad R, Netea MG, 
Browna GD. Dectin-1 plays a redundant role in the immunomodula-
tory activities of β-glucan-rich ligands in vivo. Microbes Infect. 2013;15 
(6–7):511–15. doi:10.1016/j.micinf.2013.03.002. PMID: 23518266.

17. Di Luzio NR, Williams DL. Protective effect of glucan against 
systemic Staphylococcus aureus septicemia in normal and 

leukemic mice. Infect Immun. 1978;20(3):804–10. doi:10.1128/ 
IAI.20.3. 
804-810.1978. PMID: 352959.

18. Krahenbuhl JL, Sharma SD, Ferraresi RW, Remington JS. Effects of 
muramyl dipeptide treatment on resistance to infection with 
Toxoplasma gondii in mice. Infect Immun. 1981;31(2):716–22. 
doi:10.1128/IAI.31.2.716-722.1981. PMID: 7216470.

19. Muñoz N, Maele LV, Marqués JM, Rial A, Sirard JC, 
Chabalgoity JA. Mucosal administration of flagellin protects mice 
from Streptococcus pneumoniae lung infection. Infect Immun. 
2010;78(10):4226–33. doi:10.1128/IAI.00224-10. PMID: 20643849.

20. Zhang B, Chassaing B, Shi Z, Uchiyama R, Zhang Z, Denning TL, 
Crawford SE, Pruijssers AJ, Iskarpatyoti JA, Estes MK, et al. 
Prevention and cure of rotavirus infection via TLR5/ 
NLRC4-mediated production of IL-22 and IL-18. Science. 2014;346 
(6211):861–65. doi:10.1126/science.1256999. PMID: 25395539.

21. Arts RJW, Moorlag SJCFM, Novakovic B, Li Y, Wang SY, 
Oosting M, Kumar V, Xavier RJ, Wijmenga C, Joosten LAB, et al. 
BCG vaccination protects against experimental viral infection in 
humans through the induction of cytokines associated with trained 
immunity. Cell Host Microbe. 2018 Jan 10;23(1):89–100.e5. 
doi:10.1016/j.chom.2017.12.010. PMID: 29324233.

22. Walk J, de Bree LCJ, Graumans W, Stoter R, Gemert GJ, van de 
Vegte-bolmer M, Teelen K, Hermesen CC, Arts RJW, Marije C, 
et al. Outcomes of controlled human malaria infection after BCG 
vaccination. Nat Commun. 2019;10:874. doi:10.1038/s41467-019- 
08659-3.

23. Redelman-Sidi G, Glickman MS, Bochner BH. The mechanism of 
action of BCG therapy for bladder cancer–a current perspective. 
Nat Rev Urol. 2014;11(3):153–62. doi:10.1038/nrurol.2014.15.

24. Stewart JH 4th, Levine EA. Role of bacillus Calmette-Guérin in the 
treatment of advanced melanoma. Expert Rev Anticancer Ther. 2011 
Nov;11(11):1671–76. doi:10.1586/era.11.163. PMID: 22050015.

25. van ‘T Wout JW, Poell R, van Furth R. The role of BCG/ 
PPD-activated macrophages in resistance against systemic candi-
diasis in mice. Scand J Immunol. 1992 Nov;36(5):713–19. 
doi:10.1111/j.1365-3083.1992.tb03132.x. PMID: 1439583.

26. Tribouley J, Tribouley-Duret J, Appriou M. Influence du bacille de 
Calmette et Guérin (BCG) sur la réceptivité de la Souris nude vis-à-vis 
de Schistosoma mansoni [Effect of Bacillus Callmette Guerin (BCG) 
on the receptivity of nude mice to Schistosoma mansoni]. C R Seances 
Soc Biol Fil. 1978;172(5):902–04. French. PMID: 157204.

27. Kaufmann E, Sanz J, Dunn JL, Khan N, Mendonça LE, Pacis A, 
Tzelepis F, Pernet E, Dumaine A, Grenier JC, et al. BCG educates 
hematopoietic stem cells to generate protective innate immunity 
against tuberculosis. Cell. 2018 Jan 11;172(1–2):176–190.e19. 
doi:10.1016/j.cell.2017.12.031. PMID: 29328912.

28. Powles RL, Russell JA, Selby PJ, Prentice HG, Jones DR, 
McElwain TJ, Alexander P. Maintenance of remission in acute 
myelogenous leukaemia by a mixture of B.C.G. and irradiated 
leukaemia cells. Lancet. 1977 Nov 26;2(8048):1107–10. doi:10. 
1016/s0140-6736(77)90549-9. PMID: 73013.

29. Barton ES, White DW, Cathelyn JS, Brett-McClellan KA, Engle M, 
Diamond MS, Miller VL, Virgin HW 4th. Herpesvirus latency 
confers symbiotic protection from bacterial infection. Nature. 
2007 May 17;447(7142):326–29. doi:10.1038/nature05762. PMID: 
17507983.

30. Geller A, Shrestha R, Yan J. Yeast-Derived β-Glucan in cancer: 
novel uses of a traditional therapeutic. Int J Mol Sci. 2019;20 
(15):3618. doi:10.3390/ijms20153618. PMID: 31344853.

31. Schindler L, Brucher J, Kirchner H. Protection of mice against 
mouse hepatitis virus by Corynebacterium parvum. Infect 
Immun. 1981;32(3):1128–31. doi:10.1016/S0171-2985(84)80144-8. 
PMID: 6325328.

1606 B. PALMIERI ET AL.

https://doi.org/10.1111/j.0105-2896.2004.0117.x
https://doi.org/10.1111/j.0105-2896.2004.0117.x
https://doi.org/10.1016/j.jaci.2009.12.980
https://doi.org/10.1016/j.jaci.2009.12.980
https://doi.org/10.1126/science.aaf1098
https://doi.org/10.1016/j.cell.2020.04.042
https://doi.org/10.1016/j.cell.2020.04.042
https://doi.org/10.1111/ajt.15620
https://doi.org/10.3389/fimmu.2020.00284
https://doi.org/10.3390/ijms19020456
https://doi.org/10.1089/ars.2017.7310
https://doi.org/10.1089/ars.2017.7310
https://doi.org/10.1002/JLB.MR0318-104R
https://doi.org/10.1093/jpids/piy142
https://doi.org/10.1016/j.cell.2019.05.024
https://doi.org/10.1186/s12889-015-1497-8
https://doi.org/10.1186/s12889-015-1497-8
https://doi.org/10.1073/pnas.1202870109
https://doi.org/10.1016/j.micinf.2013.03.002
https://doi.org/10.1128/IAI.20.3.804-810.1978
https://doi.org/10.1128/IAI.20.3.804-810.1978
https://doi.org/10.1128/IAI.20.3.804-810.1978
https://doi.org/10.1128/IAI.31.2.716-722.1981
https://doi.org/10.1128/IAI.00224-10
https://doi.org/10.1126/science.1256999
https://doi.org/10.1016/j.chom.2017.12.010
https://doi.org/10.1038/s41467-019-08659-3
https://doi.org/10.1038/s41467-019-08659-3
https://doi.org/10.1038/nrurol.2014.15
https://doi.org/10.1586/era.11.163
https://doi.org/10.1111/j.1365-3083.1992.tb03132.x
https://doi.org/10.1016/j.cell.2017.12.031
https://doi.org/10.1016/s0140-6736(77)90549-9
https://doi.org/10.1016/s0140-6736(77)90549-9
https://doi.org/10.1038/nature05762
https://doi.org/10.3390/ijms20153618
https://doi.org/10.1016/S0171-2985(84)80144-8

	Abstract
	Introduction
	Disclosure of potential conflicts of interest
	ORCID
	References

