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Abstract: In the last decade, a major dogma in the field of immunology has been called into question
by the identification of a cell autonomous innate immune memory. This innate immune memory (also
named trained immunity) was found to be mostly carried by innate immune cells and to be character-
ized by an exacerbated inflammatory response with a heightened expression of proinflammatory
cytokines, including TNF-α, IL-6 and IL-1β. Unlike the vast majority of cytokines, IL-1β is produced
as a proform (pro-IL-1β) and requires a proteolytic cleavage to exert its biological action. This cleav-
age takes place mainly within complex molecular platforms named inflammasomes. These platforms
are assembled upon both the infectious or sterile activation of NOD-like receptors (NLRs), thereby
allowing for the recruitment and activation of caspases and the subsequent maturation of pro-IL-1β
into IL-1β. The NLRP3 inflammasome has recently been implicated both in western diet-induced
trained immunity, and in the detection of microbial virulence factors (effector-triggered immunity
(ETI)). Here, we will attempt to link these two immune processes and provide arguments to hypothe-
size the existence of trained immunity triggered by microbial virulence factors (effector-triggered
trained immunity (ETTI)).

Keywords: trained immunity; effector-triggered immunity; effector-triggered trained immunity

Key Contribution: In this article we examine how trained immunity and effector-triggered immunity
are connected through the NLRP3 inflammasome, pointing for a possible trained immunity mediated
by microbial effectors.

1. Introduction

To survive host–pathogen battles, pathogens have evolved various strategies to blunt
or escape host immune responses. Among them, effector proteins, also called virulence
factors, could be considered as surgical weapons of microbes that precisely target the
Achilles’ heel of the immune system with the goal of surviving and multiplying. Thus,
the expression of virulence factors by microbes confers them with pathogenic properties,
distinguishing commensals from pathogens. On the other hand, hosts have multiplied
sensors to detect and gauge the pathogenic potential of microbes. Pattern Recognition
Receptors (PRRs) discovery revolutionized the way of thinking about pathogen detection
by linking the microbial ligand to innate immune signaling. The innate immune response
subsequent to the recognition of Microbe-Associated Molecular Patterns (MAMPs) by
PRR signaling has been termed Pattern-Triggered Immunity (PTI). Since this seminal
discovery [1], additional sensing mechanisms have been proposed to explain how the host
could distinguish commensals from pathogens.

2. Effector-Triggered Immunity

An elegant strategy based on the recognition of virulence factor activities was proposed.
As virulence factors are specifically expressed by pathogens, being able to detect their
activities appears to be a smart strategy to limit the number of sensors, which detect
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specifically pathogens and not all microbes. This innate immune sensing mechanism has
been termed Effector-Triggered Immunity (ETI). By functioning as an additional layer of
innate immune responses, ETI adds up to PTI to allow the host to gauge both the quantity
of microbes and their pathogenic potential. ETI was first identified during plant–pathogen
interactions, and knowledge in the matter has since deepened [2–4]. More recently, proofs
of the conservation of this innate immune mechanism have emerged in animals [5]. Several
publications have extensively reviewed the ETI similarities and differences between plants
and animals [6–8]. Here, we will focus on the mechanisms of ETI linking RhoGTPases,
inflammasomes and trained immunity.

Most bacterial toxins hijack the regulation of crucial cellular functions, such as those
performed by RhoGTPases [9]. This was previously referred to as a virulence activity
until recent reports showing that the modifications of RhoGTPases activity by microbial
effectors are detected by the host cell through NOD-like receptors (NLRs) and the assem-
bly of inflammasomes [5]. The Pyrin inflammasome was first shown to be activated in
macrophages treated by bacterial toxins inactivating the RhoA GTPase and this finding
was later extended to numerous bacterial factors inactivating the Rho family members
found in various pathogenic bacteria [5,10–13]. The involvement of the NLRP3 inflamma-
some in ETI has recently been demonstrated, implicating the CNF1 toxin of uropathogenic
Escherichia coli [14]. This study showed that both mouse and human macrophages detect
CNF1 activity via NLRP3 inflammasome activation. CNF1 displays deamidase activity
toward RhoGTPases. This modification destroys the GTPase activity and locks the RhoGT-
Pases into an active GTP-bound form. CNF1-triggered activation of the Rac2 GTPase in
macrophages activates the PAK1/2 kinases that in turn phosphorylate the Threonine 659
of human NLRP3 leading to its activation and subsequent IL-1β secretion. This way, the
NLRP3 inflammasome detects the activation of Rac2 GTPase, leading to the bacterial clear-
ance of CNF1-expressing E. coli in a mouse model of bacteremia. Importantly, this sensing
mechanism has been reused by the innate immune system to sense other virulence factors
activating Rac2 encoded by other pathogenic bacteria such as SopE from Salmonella spp. or
DNT from Bordetella spp. [14].

All these studies have recently highlighted that an increasing number of virulence
factors are sensed by inflammasomes; this leads to the urgent question of whether this
recognition can trigger immune memory.

3. Trained Immunity

The immune system is classically divided into the following two compartments: the
innate immunity as the first line of defense in the host’s response to aggression, and the
adaptive immunity that confers immune memory to the host. The dogma that immune
memory is conferred by adaptive immunity has been challenged in recent years. Moreover,
the scientific literature is replete with examples of immune memory in the absence of
adaptive immunity in invertebrate organisms that naturally lack adaptive immunity, a
process called innate immune memory [15].

However, it was only a decade ago that these observations were made in mammals [16–18].
This concept of innate immune memory emerged in the early 2010s, originally referred to
as an adaptive form of innate immunity before to be termed trained immunity [16,19,20].

Mammalian innate immune memory, or Trained Immunity (TI), is a mechanism
initiated by the action of an inflammatory stimulus on cells with or linked to immune
functions, leading to the epigenetic and metabolic reprogramming of these cells. Thus,
following a first stimulation, the prototypical cells of the innate immune compartment are
trained; when restimulated, they will display an exacerbated inflammatory response that
can be either beneficial or detrimental depending on the context.

Evidence of the beneficial effects for the host has been described by numerous inves-
tigations in mice [20]. As a result of these studies, it was shown that training mice with
numerous microbial ligands could provide non-specific protection against an ensuing fatal
infection. Beyond their specific action, live attenuated vaccines such as Bacille Calmette–
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Guerin (BCG), measles, smallpox or poliomyelitis vaccines have a non-specific protective
action against secondary infections with other pathogens [21]. Furthermore, the BCG
vaccine has proven its non-specific and beneficial action in bladder cancer, where it is used
for bladder instillation treatment [22]. Conversely, immune training can lead to harmful
effects, including chronic inflammatory diseases such as atherosclerotic cardiovascular
disease and neurodegenerative diseases (Alzheimer disease and dementia), and tumor
growth and metastasis [20].

Historically, BCG, Candida albicans and its β-glucan were the first triggers known to
induce a TI program [17,18]; however, different types of pathological inflammation triggers
were recently shown as potential TI triggers. Most of these triggers engage the activation of
the IL-1 pathway (Table 1). This includes the western diet (a high fat and high sugar diet)
that was shown to induce a deleterious TI program in mice and it was interestingly shown
to rely on the NLRP3 inflammasome [23]. Christ and colleagues showed that feeding
the western diet to Ldlr−/− mice (a mouse model that develops atherosclerotic lesions
and hypercholesterolemia) induces systemic inflammation, the proliferation of myeloid
precursors, and their reprogramming, while Ldlr−/− Nlrp3−/− mice do not, pointing
towards the importance of the NLRP3 inflammasome. Interestingly, the induction of TI
by β-glucan was recently shown to limit NLRP3 inflammasome activation, repressing
the production of IL-1β [24]. This highlights the importance of better characterizing the
involvement of the NLRP3 inflammasome in TI. Considering that, depending on the context,
NLRP3 activation triggers IL-1β secretion with or without cell death (pyroptosis versus
hyperactivation), studies should be carried out in relation to inflammasome inducers and
the strength of signals.

The NLRP3 inflammasome maturates both pro-IL-1β and pro-IL-18 into their biolog-
ically active forms. Interestingly, both cytokines have been associated with TI. IL-18 has
been implicated in the induction of TI in specific contexts and has been associated with the
involvement of TI in rheumatic pathologies such as primary Sjögren’s syndrome [25,26].

A collection of works agrees on the fact that the NLRP3-IL-1β axis is central in TI
regulation, which raises the exciting possibility that TI may also be induced by the microbial
effectors sensed by NLRP3 inflammasome during ETI.

Table 1. Evidence for the implication of the IL-1 pathway and/or NLRP3 inflammasome in
trained immunity.

Model Inducer Challenge Evidence for the Implication of
ReferenceIL-1 Pathway NLRP3 Inflammasome

Mouse β-glucan LPS Yes No [27]
Mouse Western diet LPS Yes Yes [23]
Mouse β-glucan M. tuberculosis Yes No [28]
Mouse Periodontitis/arthritis LPS Yes Suggested [29]

Human BCG vaccination M. tuberculosis/S.
aureus/C. albicans Yes No [18]

Human BCG vaccination LPS Yes No [30]
Human BCG vaccination TLR ligands Yes No [31]

Human BCG vaccination Yellow fever virus
vaccine strain Yes Suggested [32]

Human BCG vaccination TLR ligands Suggested No [33]

4. Effector-Triggered Trained Immunity?

So far, the mechanisms of TI described in the literature involve the NOD receptor,
NOD2, as well as the NLRP3 inflammasome. The NOD2 receptor has been identified as
the molecular bridge between BCG vaccination and the increased production of proin-
flammatory cytokines, leading to the protection of severe combined immunodeficiency
SCID mice from disseminated candidiasis [18]. As described earlier, the NLRP3 inflam-
masome is involved in TI induced by a “western diet”, a diet rich in sugar and saturated
fatty acids [23]. Conversely, pyrin and NLRP3 are two major inflammasomes that have
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been implicated in ETI. The involvement of the NLRP3 inflammasome in both ETI and
TI suggests that it could be implicated in TI in an infectious context, induced by a viru-
lence factor, through a process that can be termed Effector-Triggered Trained Immunity
(ETTI). In this view, it could be applied to bacterial effectors recently discovered for their
detection by the NLRP3 inflammasome activation pathway [14]. Indeed, not only the E. coli
CNF1 toxin but also the Bordetella spp. DNT (dermonecrotic toxin) and the Salmonella spp.
SopE toxin are triggers of the NLRP3 inflammasome, suggesting their potential role as
triggers of NLRP3-mediated trained immune response. If this hypothesis is true, one can
expect that other NLRs involved in ETI, such as the Pyrin-inflammasome-detecting RhoA
GTPase-inactivating toxins, may also be involved in ETTI. Furthermore, TI is induced by
vaccination with live attenuated viruses [21]. Considering this, viruses can act as inducers
of TI. Previous studies described a mechanism specific to positive single-stranded RNA
((+)ssRNA) viruses, whose proteases can induce an ETI response by activating the NLRP1
inflammasome [34]. To date, the NLRP1 inflammasome has not been implicated in TI and
it would be interesting to investigate whether NLRP1 may be involved in ETTI.

The activation of the NLRP3 inflammasome requires both a transcriptional prim-
ing and an activation step triggered by various stimuli including PAMPs and DAMPs
(Pathogen- and Danger-Associated Molecular Patterns). The priming step required for
the production of pro-IL-1β cytokine and components for inflammasome assembly relies
on the NF-κB pathway, which has been involved in the induction of TI. As an example,
low-dose LPS—a well-known inducer of the NF-κB pathway—has been identified as an
inducer of TI [35]. The recent study of NLRP3 activation triggered by the CNF1 toxin
revealed that transcriptional priming is not mandatory to measure NLRP3-dependent
Caspase-1 activation [14]. Here, we wanted to pinpoint the possible role of virulence factors
in activating the inflammasome in the trained immunity process that can be observed with
or without the priming step.

With regard to innate immune memory, a distinction is made between peripheral mem-
ory and central memory [20]. Peripheral memory is the memory carried by myeloid cells in
circulation in the body, while central memory is the memory carried by hematopoietic stem
cells in the bone marrow [36]. In this context, NLRP3 inflammasome activation has been
shown to be involved in myeloid precursor release [27,37], and BCG exposure in the bone
marrow modifies the transcriptional program of the hematopoietic stem and progenitor
cells, promoting local cell growth and improved myelopoiesis [38]. This supports the
idea of the involvement of bacterial toxins sensed by inflammasomes in the induction of a
central TI.

For TI to last over time, there must be a transfer of epigenetic modifications to cells
that have a long lifespan. Previously, using the planarian model, we demonstrated that an
innate immune memory is carried by the neoblasts (planarian stem cells) and the innate
memory could be transferred from one organism to another after irradiation; furthermore,
other cells are also capable of exhibiting innate immune memory [39,40]. Later, Christ
et al. proposed that the induction of a central memory within the context of the western
diet is made possible by myeloid precursors [23]. Similar to these previous examples,
infection with a microbe producing a microbial effector should lead to immune imprinting
of myeloid precursors for a long lasting memory.

5. Conclusions

In this paper, we explore how trained immunity (TI) and effector-triggered immunity
(ETI) are linked through the NLRP3 inflammasome, suggesting the existence of a trained
immunity mediated by microbial effectors (ETTI). The involvement of the NLRP3 inflam-
masome in TI has been demonstrated in the context of sterile inflammation; however, its
involvement in an infectious context remains to be proven. Moreover, this phenomenon
might not be exclusive to the NLRP3 inflammasome and should therefore be considered for
other inflammasomes. Last but not least, an interesting trans-kingdom perspective would
be to return to the roots of effector-triggered immunity by determining whether trained
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immunity in plants is activated in response to virulence factors and whether it requires
plant NLRs.
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15. Milutinović, B.; Kurtz, J. Immune Memory in Invertebrates. Semin. Immunol. 2016, 28, 328–342. [CrossRef]
16. Netea, M.G.; Quintin, J.; van der Meer, J.W.M. Trained Immunity: A Memory for Innate Host Defense. Cell Host Microbe 2011, 9,

355–361. [CrossRef]
17. Quintin, J.; Saeed, S.; Martens, J.H.A.; Giamarellos-Bourboulis, E.J.; Ifrim, D.C.; Logie, C.; Jacobs, L.; Jansen, T.; Kullberg, B.-J.;

Wijmenga, C.; et al. Candida albicans Infection Affords Protection against Reinfection via Functional Reprogramming of Monocytes.
Cell Host Microbe 2012, 12, 223–232. [CrossRef]

18. Kleinnijenhuis, J.; Quintin, J.; Preijers, F.; Joosten, L.A.B.; Ifrim, D.C.; Saeed, S.; Jacobs, C.; van Loenhout, J.; de Jong, D.;
Stunnenberg, H.G.; et al. Bacille Calmette-Guerin Induces NOD2-Dependent Nonspecific Protection from Reinfection via
Epigenetic Reprogramming of Monocytes. Proc. Natl. Acad. Sci. USA 2012, 109, 17537–17542. [CrossRef]

19. Bowdish, D.M.E.; Loffredo, M.S.; Mukhopadhyay, S.; Mantovani, A.; Gordon, S. Macrophage Receptors Implicated in the
“Adaptive” Form of Innate Immunity. Microbes Infect. 2007, 9, 1680–1687. [CrossRef]

http://doi.org/10.1016/S0092-8674(00)80172-5
http://doi.org/10.1038/nature05286
http://www.ncbi.nlm.nih.gov/pubmed/17108957
http://doi.org/10.1042/EBC20210075
http://www.ncbi.nlm.nih.gov/pubmed/35593644
http://doi.org/10.1042/EBC20210072
http://www.ncbi.nlm.nih.gov/pubmed/35731245
http://doi.org/10.1371/journal.ppat.1009504
http://doi.org/10.1038/nri3398
http://doi.org/10.4161/viru.29091
http://doi.org/10.1038/s41564-019-0623-2
http://doi.org/10.1016/S0962-8924(03)00037-0
http://doi.org/10.1053/j.gastro.2010.04.005
http://doi.org/10.1016/j.chom.2016.04.004
http://doi.org/10.1073/pnas.1601700113
http://doi.org/10.1128/IAI.00822-18
http://doi.org/10.1038/s41564-020-00832-5
http://doi.org/10.1016/j.smim.2016.05.004
http://doi.org/10.1016/j.chom.2011.04.006
http://doi.org/10.1016/j.chom.2012.06.006
http://doi.org/10.1073/pnas.1202870109
http://doi.org/10.1016/j.micinf.2007.09.002


Toxins 2022, 14, 798 6 of 6

20. Netea, M.G.; Domínguez-Andrés, J.; Barreiro, L.B.; Chavakis, T.; Divangahi, M.; Fuchs, E.; Joosten, L.A.B.; van der Meer, J.W.M.;
Mhlanga, M.M.; Mulder, W.J.M.; et al. Defining Trained Immunity and Its Role in Health and Disease. Nat. Rev. Immunol. 2020,
20, 375–388. [CrossRef]

21. Benn, C.S.; Netea, M.G.; Selin, L.K.; Aaby, P. A Small Jab—A Big Effect: Nonspecific Immunomodulation by Vaccines.
Trends Immunol. 2013, 34, 431–439. [CrossRef]

22. Redelman-Sidi, G.; Glickman, M.S.; Bochner, B.H. The Mechanism of Action of BCG Therapy for Bladder Cancer—A Current
Perspective. Nat. Rev. Urol. 2014, 11, 153–162. [CrossRef]

23. Christ, A.; Günther, P.; Lauterbach, M.A.R.; Duewell, P.; Biswas, D.; Pelka, K.; Scholz, C.J.; Oosting, M.; Haendler, K.; Baßler,
K.; et al. Western Diet Triggers NLRP3-Dependent Innate Immune Reprogramming. Cell 2018, 172, 162–175.e14. [CrossRef]

24. Camilli, G.; Bohm, M.; Piffer, A.C.; Lavenir, R.; Williams, D.L.; Neven, B.; Grateau, G.; Georgin-Lavialle, S.; Quintin, J. β-
Glucan-Induced Reprogramming of Human Macrophages Inhibits NLRP3 Inflammasome Activation in Cryopyrinopathies.
J. Clin. Investig. 2020, 130, 4561–4573. [CrossRef]

25. Moorlag, S.J.C.F.M.; Röring, R.J.; Joosten, L.A.B.; Netea, M.G. The Role of the Interleukin-1 Family in Trained Immunity.
Immunol. Rev. 2018, 281, 28–39. [CrossRef]

26. Badii, M.; Gaal, O.; Popp, R.A.; Cris, an, T.O.; Joosten, L.A.B. Trained Immunity and Inflammation in Rheumatic Diseases.
Joint Bone Spine 2022, 89, 105364. [CrossRef]

27. Mitroulis, I.; Ruppova, K.; Wang, B.; Chen, L.-S.; Grzybek, M.; Grinenko, T.; Eugster, A.; Troullinaki, M.; Palladini, A.;
Kourtzelis, I.; et al. Modulation of Myelopoiesis Progenitors Is an Integral Component of Trained Immunity. Cell 2018, 172,
147–161.e12. [CrossRef]

28. Moorlag, S.J.C.F.M.; Khan, N.; Novakovic, B.; Kaufmann, E.; Jansen, T.; van Crevel, R.; Divangahi, M.; Netea, M.G. β-Glucan Induces
Protective Trained Immunity against Mycobacterium tuberculosis Infection: A Key Role for IL-1. Cell Rep. 2020, 31, 107634. [CrossRef]

29. Li, X.; Wang, H.; Yu, X.; Saha, G.; Kalafati, L.; Ioannidis, C.; Mitroulis, I.; Netea, M.G.; Chavakis, T.; Hajishengallis, G. Maladaptive
Innate Immune Training of Myelopoiesis Links Inflammatory Comorbidities. Cell 2022, 185, 1709–1727.e18. [CrossRef]

30. Kleinnijenhuis, J.; Quintin, J.; Preijers, F.; Benn, C.S.; Joosten, L.A.B.; Jacobs, C.; van Loenhout, J.; Xavier, R.J.; Aaby, P.; van der
Meer, J.W.M.; et al. Long-Lasting Effects of BCG Vaccination on Both Heterologous Th1/Th17 Responses and Innate Trained
Immunity. J. Innate Immun. 2014, 6, 152–158. [CrossRef]

31. Jensen, K.J.; Larsen, N.; Biering-Sørensen, S.; Andersen, A.; Eriksen, H.B.; Monteiro, I.; Hougaard, D.; Aaby, P.; Netea, M.G.;
Flanagan, K.L.; et al. Heterologous Immunological Effects of Early BCG Vaccination in Low-Birth-Weight Infants in Guinea-Bissau:
A Randomized-Controlled Trial. J. Infect. Dis. 2015, 211, 956–967. [CrossRef]

32. Arts, R.J.W.; Moorlag, S.J.C.F.M.; Novakovic, B.; Li, Y.; Wang, S.-Y.; Oosting, M.; Kumar, V.; Xavier, R.J.; Wijmenga, C.; Joosten,
L.A.B.; et al. BCG Vaccination Protects against Experimental Viral Infection in Humans through the Induction of Cytokines
Associated with Trained Immunity. Cell Host Microbe 2018, 23, 89–100.e5. [CrossRef]

33. Freyne, B.; Donath, S.; Germano, S.; Gardiner, K.; Casalaz, D.; Robins-Browne, R.M.; Amenyogbe, N.; Messina, N.L.; Netea, M.G.;
Flanagan, K.L.; et al. Neonatal BCG Vaccination Influences Cytokine Responses to Toll-like Receptor Ligands and Heterologous
Antigens. J. Infect. Dis. 2018, 217, 1798–1808. [CrossRef]

34. Tsu, B.V.; Fay, E.J.; Nguyen, K.T.; Corley, M.R.; Hosuru, B.; Dominguez, V.A.; Daugherty, M.D. Running With Scissors: Evolutionary
Conflicts Between Viral Proteases and the Host Immune System. Front. Immunol. 2021, 12, 769543. [CrossRef]

35. Wendeln, A.-C.; Degenhardt, K.; Kaurani, L.; Gertig, M.; Ulas, T.; Jain, G.; Wagner, J.; Häsler, L.M.; Wild, K.; Skodras, A.; et al.
Innate Immune Memory in the Brain Shapes Neurological Disease Hallmarks. Nature 2018, 556, 332–338. [CrossRef]

36. Domínguez-Andrés, J.; Dos Santos, J.C.; Bekkering, S.; Mulder, W.J.M.; van der Meer, J.W.; Riksen, N.P.; Joosten, L.A.B.; Netea,
M.G. Trained Immunity: Adaptation within Innate Immune Mechanisms. Physiol. Rev. 2022, 103, 313–346. [CrossRef]

37. Lenkiewicz, A.M.; Adamiak, M.; Thapa, A.; Bujko, K.; Pedziwiatr, D.; Abdel-Latif, A.K.; Kucia, M.; Ratajczak, J.; Rata-
jczak, M.Z. The Nlrp3 Inflammasome Orchestrates Mobilization of Bone Marrow-Residing Stem Cells into Peripheral Blood.
Stem Cell Rev. Rep. 2019, 15, 391–403. [CrossRef]

38. Kaufmann, E.; Sanz, J.; Dunn, J.L.; Khan, N.; Mendonça, L.E.; Pacis, A.; Tzelepis, F.; Pernet, E.; Dumaine, A.; Grenier, J.-C.; et al. BCG
Educates Hematopoietic Stem Cells to Generate Protective Innate Immunity against Tuberculosis. Cell 2018, 172, 176–190.e19. [CrossRef]

39. Torre, C.; Abnave, P.; Tsoumtsa, L.L.; Mottola, G.; Lepolard, C.; Trouplin, V.; Gimenez, G.; Desrousseaux, J.; Gempp, S.; Levasseur,
A.; et al. Staphylococcus aureus Promotes Smed-PGRP-2/Smed-Setd8-1 Methyltransferase Signalling in Planarian Neoblasts to
Sensitize Anti-Bacterial Gene Responses During Re-Infection. EBioMedicine 2017, 20, 150–160. [CrossRef]

40. Hamada, A.; Torre, C.; Drancourt, M.; Ghigo, E. Trained Immunity Carried by Non-Immune Cells. Front. Microbiol. 2018, 9, 3225. [CrossRef]

http://doi.org/10.1038/s41577-020-0285-6
http://doi.org/10.1016/j.it.2013.04.004
http://doi.org/10.1038/nrurol.2014.15
http://doi.org/10.1016/j.cell.2017.12.013
http://doi.org/10.1172/JCI134778
http://doi.org/10.1111/imr.12617
http://doi.org/10.1016/j.jbspin.2022.105364
http://doi.org/10.1016/j.cell.2017.11.034
http://doi.org/10.1016/j.celrep.2020.107634
http://doi.org/10.1016/j.cell.2022.03.043
http://doi.org/10.1159/000355628
http://doi.org/10.1093/infdis/jiu508
http://doi.org/10.1016/j.chom.2017.12.010
http://doi.org/10.1093/infdis/jiy069
http://doi.org/10.3389/fimmu.2021.769543
http://doi.org/10.1038/s41586-018-0023-4
http://doi.org/10.1152/physrev.00031.2021
http://doi.org/10.1007/s12015-019-09890-7
http://doi.org/10.1016/j.cell.2017.12.031
http://doi.org/10.1016/j.ebiom.2017.04.031
http://doi.org/10.3389/fmicb.2018.03225

	Introduction 
	Effector-Triggered Immunity 
	Trained Immunity 
	Effector-Triggered Trained Immunity? 
	Conclusions 
	References

