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Abstract Both concepts of the holobiont and the immune system are at the heart 
of an ongoing scientific and philosophical examination concerning questions of the 
organism’s individuality and identity as well as the relations between organisms and 
their environment. Examining the holobiont, the question of boundaries and indi-
viduality is challenging because it is both an assemblage of organisms with physi-
ological cohesive aspects. I discuss the concept of immunity and the immune system 
function from the holobiont perspective. Because of the host-microbial close rela-
tions of codependence and interdependence, the holobiont is more often than not 
confused with the host, as the host is the domain in which this entity exists. I discuss 
the holobiont unique ecological characteristics of microbial assemblages connected 
to a host in a network of interactions in which the host is one of the organisms in the 
community but also its landscape. Therefore, I suggest viewing the holobiont as a 
host-ecosystem and discuss the implication of such a view on the concept of immu-
nity and the meaning of protection. Furthermore, I show that viewing the holobiont 
as a host ecosystem opens the possibility of using the same ecological definition of 
boundaries and immunity dealing with an ecological system. Thus, the holobiont’s 
boundaries and immunity are defined by the persistence of its complex system of 
interactions integrating existing and new interactions. This way of thinking presents 
a notion of immunity that materializes as the result of the complex interdependence 
relations between the different organisms composing the holobiont similar to that of 
an ecosystem. Taking this view further, I discuss the notion of immunogenicity that 
is ontologically heterogeneous with various causal explanations of the processes of 
tolerance and targeted immune response. Finally, I discuss the possible conceptual-
ization of already existing and new biomedical practices.
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1 Introduction

The holobiont is an entity of a host organism living with close and intimate micro-
bial communities (i.e., microbiomes) and the immune self refers to the host’s immu-
nological identity. Furthermore, the holobiont and the immune self are both at the 
heart of an ongoing scientific and philosophical examination concerning ques-
tions on the relations between organisms and their environment. Immunity and the 
immune self are concepts used in the demarcation of a physiological individuality 
with distinct boundaries and physiological identity (Pradeu, 2016, 2019; Tauber, 
2016, 2017). Examining the holobiont, the question of physiological boundaries and 
individuality is challenging because it is both an individual and an assemblage of 
organisms with physiological cohesive aspects. Some forms of holobionts are con-
sidered individuals depending on the levels of cohesion with their microbes, while 
others are viewed as an ecological community (Douglas & Werren, 2016; Lloyd & 
Wade, 2019; Queller & Strassmann, 2016; Skillings, 2016; Suárez & Stencel, 2020). 
I discuss the concept of immunity and the immune system function from the holo-
biont perspective. Because of the host-microbial close relations of interdependence, 
the holobiont is more often than not confused with the host, as the host is the domain 
in which this entity exists. For example, the host’s immune system depends on the 
interactions with the microbial communities for its development and function. Also, 
the death of the host affects the holobiont’s persistence. Therefore, further analysis 
and perhaps an alternative view on immunity can help clarify the confusion between 
the host and the holobiont, which are not the same but very much entangled.

The discussion on the holobiont as an ecological community addresses two 
aspects of the holobiont: one is the assemblage of host and microbes that allows 
fuzzy boundaries and interchangeable composition and interactions between organ-
isms. Here, there should be a distinction between the host and the microbes as sepa-
rate individuals with their internal organization and immunity. The second aspect is 
of a host that in some respect is a heterogeneous entity individualized by its immune 
system that protects or maintains its internal order, and distinctiveness of its sym-
bionts from the rest of its microbial environment (Pradeu, 2016, 2019). The latter 
aspect considers only the symbionts with high fidelity and cohesion as part of the 
physiological host. However, because of the dynamic nature of such interactions in 
some cases the distinction between the host and what should be considered the holo-
biont is less clear.1

1 In cases of endosymbionts such as the mitochondria, the inclusion as part of the host is clearer. But in 
other cases, such as the obligatory symbionts V. fischeri and the squid is less clear because in nature the 
symbiont is considered obligatory, but in the lab, the squid can be cultivated without the symbiont (Koch 
et al., 2020). Also, the bacteria apparently can exist outside the squid and do not need the light organ for 
their survival (Skilling 2016).
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This discourse confuses the holobiont with the host in one aspect (the physio-
logical individual) and forcing a distinction that is not the case on the other (i.e., an 
ecological community). One suggestion for dealing with this confusion is suggested 
by Suárez and Stencel’s (2020) ontological analysis of a part-dependent biological 
individual. They offer to view the holobiont as an individual from the host perspec-
tive and as an ecological community from the microbial perspective. While I agree 
with their analysis showing the asymmetry between host and microbes, I still argue 
that the physiological unit of host individual as Suárez and Stencel (2020) put it 
needs further discussion into its heterogeneity and lack of symmetry when discuss-
ing immunity. Thus, the ontological part-dependent analysis maintains the notion of 
a physiological unit that holds heterogeneous interactions and asymmetry. There-
fore, I suggest having an alternative view of what is a physiological unit through an 
ecological perspective on individuality.

I suggest a solution for this host/holobiont entanglement by discussing an alter-
native perspective on immunity and physiological boundaries. The holobiont is a 
unique ecological entity because of its structure of a host and microbial relations in 
which the host is one of the organisms in the community but also its landscape. Fur-
thermore, this unique ecological community has different size and temporal scales 
mutually interacting in heterogeneous and interdependence relationships. Therefore, 
I suggest viewing the holobiont as a host ecosystem using ecological concepts in 
the examination of boundaries and immunity.2 Thus, viewing the holobiont and its 
immunity from an ecological perspective as a host-ecosystem. This way of thinking 
presents a notion of immunity from an ontological heterogeneity perspective as the 
complex system of many interactions between entities that contributes to the overall 
well-being and capacity of the ecological system (i.e., the holobiont). In this view, 
immunity is the result of the interactions between the organisms in an ecological 
entity that is the holobiont.3

First, I look at the conceptualization challenges of this unique entanglement of 
the host and the holobiont suggesting the view of the holobiont as the host eco-
system. Then, I argue that the holobiont’s immunity, viewed from an ecologi-
cal perspective, consists in the persistence and stability of the complex system of 
interactions between the organisms composing the holobiont in their environment. 
Thus, the immunological concept of the immune self should represent this notion. 
Immunity in this regard does not belong to the single organism rather the immunity 
materializes through assemblages of organisms and their interactions. Therefore, the 
immune self should refer to the holobiont i.e., the Holobiont Self. Next, I discuss 

2 Here, I suggest viewing boundaries through the scope of interactions and immunity in terms of stabil-
ity and persistence. I acknowledge that these concepts are contested in ecology as the former can have 
two meanings, one is a constant state and the other as stability in between non-stable states (Millstein 
2020a, b). Also, persistence can mean returning to the same state as before perturbation or returning to 
a trajectory of functions with changes. I believe that using these concepts in a physiological context can 
benefit both fields if being scrutinized by their differences and similarities in frameworks, assumptions, 
and background beliefs.
3 Respectfully, this means that immunity also excludes the entities that do not promote stability. This 
exclusion is done by the immune cells’ response and the bacterial interactions. This role might fit with 
the traditional way of thinking about immunity as a system of protection.
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the implication of the holobiont self and immunity as a process on the meaning of 
boundaries. I argue that the immunological boundaries of the holobiont need to be 
examined by the processes of interactions and integration (not by discrimination and 
separation). Thus, the immunological boundaries are the holobiont’s outlines (not its 
border or de-fence), which develop and change throughout the host’s life. Finally, I 
discuss some possible objections to my view which look at the biomedical practices 
and conclude with future implications to medical and immunological studies.

2  The unique features of the ecological community that is the holobiont

The notion of the holobiont as a heterogeneous biological entity raises the questions 
of what it includes in terms of part-whole relations (e.g., groups of organisms, host 
and symbionts, host and microbiomes, etc.); what are the factors that determine its 
physiological boundaries and its organismal identity in terms of inside and outside 
(e.g. genes, molecular bindings, territory, ecological niche, etc.); and how to rec-
oncile the fact that one biological entity (the holobiont) can be composed of other 
biological entities (i.e., symbionts, and endosymbionts) but does not, in most cases, 
depend on their specific existence for survival (Douglas & Werren, 2016; Moran & 
Sloan, 2015; Skillings, 2016; Triviño & Suarez, 2020). For example, the composi-
tion of gut bacteria can change, yet, the host will not perish. However, if the host 
loses all its gut bacteria and cannot regain new ones it may not survive (McFall-
Ngai et al., 2013).

The holobiont is a community composed of interactions between organisms of 
very different sizes and life cycles, of small tiny microorganisms constructed around 
a host organism. That alone presents a dilemma: on the one hand, we have a par-
ticular host organism we can distinguish from other hosts organisms, and address 
the host as a physiological individual (Pradeu, 2016). On the other hand, this host 
is connected in symbiotic crucial interactions with interchangeable microbial com-
munities of which it cannot live without. The host’s entanglement with the microbial 
communities is with no clear distinction between symbiotic microbes and environ-
mental (i.e., nonresident microbes), makes it harder to delineate the immunologi-
cal boundaries. This dilemma is at the heart of the debates around the concept of 
the holobiont, which entails individuality from the host perspective and ecological 
community from the microbial perspective (Lloyd & Wade, 2019; Suárez & Stencel, 
2020; Triviño & Suarez, 2020).

To make the symbiotic/environmental microbial distinction, different claims are 
made regarding the nature of the interactions and relations between the organisms 
composing the holobiont. Different claims regarding the individuality of the holo-
biont center on the evolutionary perspective examining issues such as co-evolution, 
hereditary, reproduction, and natural selection (Douglas & Werren, 2016; Lloyd, 
2017; Lloyd & Wade, 2019; Roughgarden et al., 2018; Skillings, 2016; Theis et al., 
2016). More recent analyses by Lloyd and Wade (2019) suggested a more pluralistic 
view acknowledging the multiple shapes and variation of host-microbial symbiosis, 
pointing to a spectrum of interactions included in the holobiont concept stretched 
from Demibiont to Euholobiont. Another pluralist view by Suárez and Stencel 
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(2020) ontological analysis of the holobiont of part-dependent definition argues that 
the holobiont is a biological individual from the host standpoint and an ecological 
community from that of the microbes.

Most of these claims, however, do not address the question of boundaries from 
an immunological perspective despite the latter’s significant conceptual role in 
physiological boundaries delineation and individualization (Pradeu, 2016, 2018, 
2019). To address the immunological issue, Thomas Pradeu (2016) makes the dis-
tinction between the physiological individual and the evolutionary individual. He 
argues that when thinking about the evolutionary individual, the evolutionary unit 
(whether interactor, reproducer, or Darwinian individuals) can also be the unit of 
living but not necessarily (Pradeu, 2016). Thus, the physiological individual relates 
to the boundaries and degrees of cohesion while the evolutionary individual relates 
to variation, heritability, reproduction processes, and differential fitness (Pradeu, 
2010, 2011b, 2016). This distinction, according to Pradeu, clarifies the understand-
ing that when thinking about definitions of the organism or unit of living, the discus-
sion is of the physiological organization that can include the collaboration between 
different evolutionary units (Pradeu, 2016). This distinction, however, is still confus-
ing because of the ongoing debate on the definition of the unit of selection, and the 
question of what should be part of the unit versus its environmental context (Lloyd, 
2001, 2017). In the next section, I show that there is also confusion regarding the 
physiological and immunological definitions of boundary delineation and the patho-
genic/non-pathogenic distinction (also thought of as self/non-self discrimination or 
in its newer version as the persistence of the immunological identity).

Thinking about the holobiont in its most descriptive form as an ecological entity 
of a host-organism and microorganisms, is on the one hand, helpful because it 
potentially allows capturing characteristics such as the heterogeneity of interactions, 
fuzzy boundaries, and the holobiont being ephemeral. But, on the other hand, the 
holobiont is closely constructed around, outside, and inside a host-organism, with 
the microbes being part of the host’s developmental processes, the immune system, 
digestive system, and possibly the endocrine and nervous system (Gilbert et  al., 
2012). Considering this structure, the questions of inside/outside of the holobiont 
are entangled with questions of inside/outside of the host-organism. Particularly, 
when considering the holobiont’s features such as (1) the holobiont is closely struc-
tured around the host-organism; (2) it is composed of various microbial communi-
ties that are also facilitating the host’s developmental processes as scaffolds (Chiu & 
Eberl, 2016; Griesemer, 2016); and (3) it dies approximately to when the host dies 
(or changes into something else, i.e., a different type of ecological community that 
is no longer the holobiont). These unique features can also portray the ecological 
nature of the holobiont from the host perspective as a host ecosystem, i.e., the host 
and microbial biotic interactions and abiotic interactions of nutrients, metabolites, 
which are also the host physiological systems.

For example, the holobiont of the Hawaiian bobtail squid and the bacteria Vibrio 
fischeri can be described as an ecological community of the squid and bacteria. But 
when looking at the molecular level of interactions and to the evolutionary history 
of the relationship, it is also an ecological system in which the V. fischeri that lives 
in the squid’s light organ changes the latter’s entire biochemistry (Koch et al., 2020; 
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Lloyd & Wade, 2019).4 The boundaries in this unique community are fuzzy, but 
also, follow the host closely. More so, the holobiont as an ecological system transi-
tions into a different system of decomposers after the host dies, and the host’s well-
being and survival depended on its interactions with its microbial communities. Fur-
thermore, just as the squid is the vibrio’s ecological niche so does the microbiome in 
the sand are the squid’s microbial niche, and the ecological persistence of the Squid-
Vibrio holobiont is entangled with that of the sand microbiomes. Thus, the Squid 
population is also a part of the microbial ecological system or ecosystem. The exist-
ence, persistence, and life cycle of the single holobiont is proximate and delimited 
by the host life cycle and persistence, but also depend on the microbial communities 
in the larger ecosystem where the holobiont species population lives.

Suárez and Stencel (2020), ontological analysis of the part-dependent definition 
of the biological individual is based on the presupposition that for the definition of 
individuality one needs to have relations of dependence between its different ele-
ments. They argue that in the part dependent definition such dependency need not 
be symmetrical. However, their discourse on the host-dependent view of the holobi-
ont as an individual is mainly organismal (physiological) and evolutionary centered. 
Thus, individuality is characterized by relations of dependence, a “cohesive, well-
delineated and countable unit from the perspective of some elements but not others” 
(Suárez & Stencel, 2020, p. 1318 emphasis added). In contrast to this view, I wish to 
look at the ecological perspective of individuality emphasizing processes of various 
interactions and their interdependence (Millstein, 2018, 2020a). In this ecological 
view, ecological systems are considered individuals because of their complex sys-
tem of interactions and interdependence between organisms. Also, such an ecologi-
cal individual does not preclude the understanding of different levels of interdepend-
ence and dependence between different entities.

In ecology, there are two distinguished but connected approaches of ecosystem 
ecology and ecological community. The community ecology approach emphasizes 
the interactions between organisms looking at species populations, their interac-
tions (role function), and distribution (biotic community). The ecosystem ecology 
approach follows the abiotic components examining matter and energy flow and 
flux circulating in the system including dead organisms and nutritive. In her paper 
“Lobopodian concept of Land Community,” Roberta Millstein (2018) discusses past 
and present ecologists who combine aspects of the concept of ecological community 
with aspects of the concept of ecosystem. The main presuppositions of this combin-
ing approach are (1) there is a system of interdependence between species popu-
lations in an ecological community through trophic relations (i.e., predator–prey, 
decomposers, parasites, cross-feeding, etc.,); (2) There are complex interrelations 
between biotic systems such as interactions between species-populations, and physi-
cal systems such as light, acidity, levels of oxygen, spatial conditions, which shapes 

4 Koch et  al. show that the absence of V. fischeri in the light organ significantly affects ∼25% of the 
hemolymph (the fluid analogous to the blood in vertebrates) metabolites of an adult male E. scolopes. 
They sampled the metabolites in the squid’s hemolymph three times over a 24 h diel cycle to show the 
correlations between levels of these biomolecules and the rhythms of symbiont presence. The correla-
tions suggest that the presence of a single species of symbiont can modulate the daily rhythms of small 
molecules circulating throughout its host. (Koch et al., 2020).
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the systems of matter and energy flow as well as the physical niche; and (3) There is 
a clear distinction in ecology between the Ecosystem, which is the ecological entity, 
and models of ecosystem processes (Millstein, 2018).

Furthermore, the ecosystem entity is conceived as a system of interrelations of 
interdependence between the biotic and abiotic components through their various 
processes of interactions. Interactions in this case refer to both between organisms 
and between organisms and physical components of the environment. The meaning 
of function in ecology is the description of these interactions as processes of state 
changes in the system (Jax, 2005). Thus, the interactions as functions can be catego-
rized in terms of role functions such as predators, decomposers, and also some can 
be considered as ecosystem’s services such as the decomposers (Jax, 2005). Ecosys-
tems are in a constant state of fluctuation with the stability understood as the ability 
to return to the state of equilibrium and maintain the trajectories of the complex 
whole of the system’s functions, i.e., the functions or network of interactions are 
in homeorhetic stability (Jax, 2005; Millstein, 2018, 2020b). Considering this com-
bined community-ecosystem concept, I suggest comprising all the ecological com-
munities (biotic and abiotic interactions between microbes in the microbiome, and 
interactions between the host and the microbes) within an ecosystem entity, which is 
the host. Thus, the host-ecosystem is the complexity of a host and microbial interac-
tions, which also involve abiotic interactions (such as metabolism and vitamin syn-
thesis) to maintain and facilitate the host’s physiological system. Thus, looking at 
the individuality aspect from an ecological perspective as an ecological individual, 
i.e., the host-ecosystem.

Like Suárez and Stencel (2020) or Lloyd and Wade (2019), I argue that because 
of this unique structure, the definition of the holobiont as an ecological commu-
nity does not solve the dilemma of how to understand the host perspective of the 
holobiont. However, I further claim that when trying to distinguish the question of 
the holobiont physiological boundaries from the question of the host immunologi-
cal boundaries it becomes clear that both perspectives of the host-individuality and 
the microbiome-ecology are very much entangled, thus, either is insufficient in pro-
viding an immunological or physiological account for the holobiont. For example, 
thinking about the holobiont of human and gut microbiome: on the one hand, we 
have a biological individual that includes the host interacting with microbes first 
introduced at birth. But on the other hand, we have ecological communities develop-
ing in the host as the host becomes the microbiomes environmental niche. Further-
more, the microbial environmental niches are active, also involving interactions with 
the host’s immune cells (Baquero et al., 2021). In other words, I ask about the host 
role within the holobiont ecological community (i.e., understanding the host and its 
immunity from an ecological perspective). Is the host considered another organism 
in such a community? and if this is the case, then the host is clearly in a different 
position from the other interacting bacteria as Suárez and Stencel (2020) show, and 
as I have discussed above. Here, I suggest looking at the immunology of the host by 
considering also how the set of microbes of its microbiome contribute to it, and how 
they may change the host’s biological nature (biochemistry, history, etc.). In doing 
so, I would be combining the best of the ecological interpretation that Suárez and 
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Stencel preclude exclusively to the microbes, with the best of the individuality view 
that they attribute to the host.

This ecological view of the holobiont as a host-ecosystem encompasses both 
the host and the microbes as opposed to the view that distinguishes the individual-
organismal nature of the holobiont from the communal ecological aspect. Thus, in 
some respect, the host is the microbial niche but in some respects, the microbial 
communities are the host’s niche.5 Including the host perspective in the ecological 
part-dependent view means that the host-individuality aspect of the holobiont is 
more likely to be of an ecological nature. In other words, the notion of an organism 
is also of an ecological nature of a complex interactions system that is open non-sta-
ble and fluctuating. Furthermore, the notion of individuality in this regard is closer 
to the notion of an ecosystem as an individual (Huneman, 2014; Millstein, 2018, 
2020a; Odenbaugh, 2007, 2010). Thus, changing the framework of the host perspec-
tive of the holobiont from that of physiological to that of ecological and immunolog-
ical, the conceptualization of immunity changes as well to be within ecological per-
spective, i.e., eco-immunity (Tauber, 2016). This move also changes the perspective 
on the immune identity from a property of the host to that of a system of interactions 
that materializes as the host-ecosystem, i.e., the holobiont. In this view, immunity is 
a process of interactions and intra-actions6 between entities, and therefore, cannot be 
attributed exclusively to the host irrespectively of its interactions with the microbes 
(Nicholson & Dupré, 2018).

I introduce the term “intra-action” in recognition of the organisms’ ontological 
inseparability from their close and intimate environment. Interaction relies on the 
metaphysics of individualism that presupposes the independent existence of autono-
mous entities prior to their interactions with other entities and their environment. 
The notion of intra-actions presupposes the entities′ materialization is through the 
iteration of interactions with other entities. Taking this concept to the holobiont and 
immunity, the host and microbial intra-actions are the iterations of biotic and abi-
otic interactions materializing into a host-ecosystem. Some of these interactions are 
between the host’s cells (in particular the immune cells) with the microbes that build 
the host’s immunity and help in the development and function of the host’s physio-
logical systems. The intra-actions are the interactions between entities (i.e., host and 
microbes, and between hosts and microbes) and between entities and the environ-
ment that are interdependent and constituting each other, but also at the same time 
differentiated entities. In other words, the microbial cells and body cells interact 
involving their background conditions creating the holobiont such that their actions 
and characteristics manifest by these interactions (Schneider, 2020a, b). Intra-action 
means that the interacting cells become the holobiont (i.e., the phenomenon) and as 
they are taken out of the holobiont their actions and interactions change as well as 
their characteristics (Barad, 2007).

5 I thank the anonymous reviewer for this clarification of the importance of the host’s microbial niche 
that is shaped and established by the host’s behavior, waist, nutritional, and hygienic habits.
6 Intra-actions are such interactions that materialize to a phenomeon of the interacting entities through 
iterations of interactions such as a dyad, community, or social construct (Barad 2007; Griesemer 2014).
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Furthermore, I argue, the immunity that is the result of interactions and intra-
action changes the way we should think about the physiological and immunological 
boundaries, not in terms of separating borders, but as the outlines that develop and 
change through integration of interactions. In the following Sects. 3 and 4, I discuss, 
first the notion of immunity as a process of integration and persistence of interac-
tions, and then the understanding of boundaries in terms of interactions.

3  The holobiont self: a view of immunity as the system of integration 
and persistence of interactions

The immune self metaphor in immunology, still dominant despite conceptual and 
empirical attempts of replacing it, frames the immune system’s role as a discrimi-
natory mechanism of harmful (i.e., pathogenic) from non-harmful (i.e., non-path-
ogenic) elements in the body. This view in immunology first introduced by the 
Australian immunologist Macfarlane Burnet in 1949 looks at immunity as ‘belong-
ing’ to the organism, ‘protecting’ it from non-self elements. The main critique of 
the discriminatory self elaborated by Alfred Tauber’s pervasive writing is that of 
the philosophical, or more specific, epistemic unstable ground of the concept of the 
self together with new evidence of the symbiotic nature of the host interactions with 
microbes (Gilbert & Tauber, 2016; Gilbert et  al., 2012; Tauber, 2017).7 Tauber’s 
alternative approach considers the immune system and immunity from an ecological 
perspective, which includes immune tolerance responses, and the maintenance of 
the organism’s internal interactions in a cohesive balance distinguished from other 
environmental interactions (Tauber, 2016, 2017). In a shared paper with Scott Gil-
bert they write:

The multiple functions of the immune system, especially its ability to achieve 
states of tolerance for assimilative processes expand the self-defensive role 
of immunology into a larger “ecological” context of promoting organismal 
identity through dialogue with both the internal and external environments. In 
other words, the original clinical orientation of immunology is being supple-
mented with an expanded ecological orientation where immunology is joining 
the environmental sciences (Gilbert & Tauber, 2016, 844 emphases added)

Here, the move from the self-defensive role by discrimination to the defensive 
role by promoting identity replaces the immune self with the immunological 
identity. Though looking at the organismal identity as a configuration of its rela-
tions with its microbial environment is less prone to essentialism as suggested by 
Thomas Pradeu, it remains on the same conceptual ground connecting immunity 
with the individual and the process of individualization (Pradeu, 2019; Pradeu 

7 Tauber also follows the theoretic and conceptual work of one of the pioneer researchers in immunol-
ogy Elie Metchnikoff, who discovered phagocytosis, as an alternative view to Burnet’s discriminatory 
self. Tauber describes Matchnikoff’s view of immunological function in a more ecological perspective 
also placing inflammation as part of the organism’s developmental processes (Tauber 1994; Tauber and 
Chernyak 1991).
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& Carosella, 2006). The conceptual work done by the notion of immunological 
identity is the ability to establish a coherent individual and find one causal expla-
nation of the mechanisms of an immune response, i.e., immunogenicity (Pradeu 
& Carosella, 2006; Pradeu, 2016, 2018, 2019). Thus, the meaning of immuno-
logical protection changes from the protection of the self from non-self to the 
protection of the organism’s coherent/stable identity.

By connecting protection with identity, the immune function is no different 
from the traditional self/non-self discriminatory function because of the emphasis 
on the immune entity and its identity as a trigger for immune response (i.e., toler-
ance or targeting). In other words, the immune self in its new meaning as immu-
nological identity, i.e., what the system is, is connected to an explanation of the 
immune function of what the system does (i.e., immunogenicity). However, this 
connection is based on the presupposition regarding the meaning and interpreta-
tion of the notion of protection.

In the immune identity framework, the thought is that to protect an entity X 
from harm/disturbance we need to identify X’s identity as an indication of an 
approximate desired state of stability. This supposition looks at the function of 
protection by maintaining the stability or cohesion of the identity. For example, in 
Pradeu’s continuity theory, the discontinuity of interactions is considered harmful 
because it violates the coherent process of immunological identity maintained in 
homeostasis (Pradeu, 2016, 2018). Both of the notions of self discriminatory and 
immunological identity are looking for a generalization of the causal explanation 
of the immune response. Both maintain the immune function as stemming from 
some sort of a cohesive identity that needs protection by discrimination and dis-
tinction (Pradeu, 2016, 2018, 2019; Gilbert & Tauber, 2016; Tauber, 2017). The 
main important difference between the immune-self and the immune-identity is 
that the former considers protection in separating the self from the environment 
while the latter looks at the self-identity integration with the environment (Gil-
bert & Tauber, 2016).

Tauber and Pradeu suggest an alternative understanding of the protective function 
of immunity that is by integrating rather than separating. Here, the immunological 
identity is dynamic and changes with the process of integration, and the protective 
role portrait by the discriminating among interactions and new encounters, which 
allows the development and change of the self/identity (Gilbert & Tauber, 2016; 
Pradeu, 2019; Tauber, 2017). In this framework, the boundaries of the immunologi-
cal entity that needs protection are outlines that go through changes by introducing 
new interactions from the environment. The protection is by the ability to integrate 
and not by the ability to separate. Though agree with the notion of integration, I 
wish to question the discriminatory role assigned to the immune system. My point 
here is not to argue that the immunological identity is inconsequential in the process 
of persistence and stability of the host organism. What I claim is that the immuno-
logical identity should not be taken as the focal causal explanation for the various 
immune responses (i.e., immunogenicity).

The question I wish to raise here is why should identity define protection? In 
other words, I wish to introduce an alternative way of thinking about the meaning of 
immunological protection or immunity. My suggestion has two parts which the first 
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one is in line with Pradeu’s notion of the immunological interactions as the basis 
for establishing identity and a certain kind of individuality. However, argue that the 
notion of interactions as the basis for identity or individuality does not entail a dis-
criminatory function. Thus, I suggest a different perspective on immunity that is not 
protection by discrimination but protection by interactions and intra-action that con-
tribute to the persistence through environmental changes and development. Here I 
wish to push further the notion of eco-immunity to an ontological heterogeneity way 
of thinking and suggest various contingent processes of immunogenicity that are not 
part of one possible explanation. Thus, the view I am offering here is that there is 
no one generalized scientific explanation of the activation of an effector immune 
response in the form of discriminatory mechanisms, but rather many various ecolog-
ical interactions connected in an interdependence ecological system of interactions 
to maintain a developmental continuum.

Thinking of integration, we do not need to change the immunological identity 
suggested by Pradeu (2016) as the relational and dynamic continuity identity, only 
the conceptualization of its function. Here, there is still discrimination of those 
interactions not integrated, but the focus is different. Immunity is the process of 
integration, involving more than one organism. For example, the immunity of the 
squid-vibrio holobiont involves both organisms (probably more when looking at the 
female’s microbiome) and the latter is also connected to the immunity of the holobi-
ont Squid-Vibrio species-population in their environmental niche. The same goes for 
the gut microbiome and the host as an ecological system with their different levels 
of interactions and interdependence and their larger environmental species-popula-
tion context. This view is close to Tauber and Gilbert’s view of eco-immunity but 
with the perspective in which the immune system is less a negotiator with a “reac-
tive spectrum of tolerance and rejection” (846), rather integrated as part of the inner 
ecological interactions.

Protection of identity views immune function in maintaining the internal organi-
zation in a stable state by the process of homeostasis (Pradeu, 2018, 2019). My sug-
gestion of protection of the host-ecosystem in ecological terms with the understand-
ing that it is a system of constant trajectories of homeostasis due to developmental 
and also environmental fluctuation. Thus, the meaning of stability is the returning 
to balance that is on a continuum of a trajectory of integration of same and new 
interactions creating a dynamical functioning system (Jax, 2005; Millstein, 2018, 
2020a). Viewing immunity of an integrated fluctuating system of interactions is bet-
ter framed in terms of homeorhesis. Homeorhesis is the property of a system that 
can return to a trajectory of patterns of interactions after perturbations or changes, 
which is different from that of homeostasis that describes the system’s stability of 
returning to balance (Waddington, 1957). When looking at immunity, environmental 
and developmental perturbations introduce changes to the host, the immune cells, 
and to the microbial composition and function introducing a new state of stabil-
ity. Thus, immunity is the homeorhetic ability of this ensemble to integrate entities 
to persist in a way that maintains the system’s stability of the complex of the new 
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and old interactions integrated into a functioning system.8 The continuity here is 
between the historical dynamics of interactions and possible future trajectories of 
interactions in such a way that enables the persistence of the host and microbial eco-
logical complex system (its existence, development, and potential of reproduction).

Furthermore, theorizing immunity as a property of the organism with the main 
objective of determining its immunological identity considers the immune system 
as the causal effective entity. However, by viewing immunity as a process of interac-
tions’ integration and persistence the mechanism of discrimination of tolerance and 
targeted response is only one pattern of interactions among others that also included 
in the holobiont’s immunity, such as the microbial web of interactions such as cross-
feeding, molecular signaling, lateral gene transfer, quorum sensing, and other types 
of interactions (Konopka, 2009; O’Malley, 2014). This perspective presupposes the 
ontological heterogeneity of the causality and involvement of more than one entity 
in the process of immunity (Schneider, 2020a). For example, the microbial meta-
bolic interactions within the host’s gut which involve immune interactions are also 
part of the host’s immunity and protection by their role in the host metabolism and 
vitamin synthesis (Kim, 2018; Round & Mazmanian, 2009; Rowland et al., 2018). 
Thus, the immune cells participate in the microbial metabolic interactions while 
contributing to the microbial communities and the host’s nutrition. The process of 
integration considers immunity as these mutual interactions that enable the estab-
lishment and maintenance of physiological functions in the host.

The view of holobiont as a host-ecosystem looks at an ecological entity com-
posed of a functioning complex system of energy flow with multiple processes 
of ecological biotic and abiotic interactions of its organisms as well as molecules 
and metabolites. I argue that the complex whole of the system of these interactions 
should be thought of as the immunity of the holobiont that underlies the immunity 
of each of the interacting organisms (i.e., host and microbes). The interacting organ-
isms do not hold a non-related immunity. Immunity in my view is a shared property 
of a community within its environmental niche. The collection of all these func-
tions/processes of interactions are taken as the functioning system (Jax, 2005). Thus, 
if thinking of the process ontology of “things as being derives from processes” 
(Nicholson & Dupré, 2018, 13), the immune cells and the immune systems of the 
host and microbes materializes as the result of the process of their constant interac-
tions with each other and within the environment.

Looking at immunity from an ontological heterogeneity perspective (i.e., mul-
tifactorial causation with more than one causal entity) needs to address the ques-
tion of the immunological entity, i.e., the immunity of what or whom? What is the 
entity and what is its immunity? My answer to this question is that immunity results 
from a process of the integration of the interactions between different organisms 
in their environmental niche into a functioning system. Thus, the immune self or 
immunological identity should be identified as this functioning (or interacting) sys-
tem which is not the property of one entity alone but rather materializes through the 
interactions and intra-actions between many within the holobiont, and also between 

8 Stability here should be understood in its ecological meaning of fluctuation and constant change (i.e., 
homeorhetic stability).



1 3

The holobiont self: understanding immunity in context  Page 13 of 23 99

holobionts (Barad, 2007; Griesemer, 2014). Immunity in this regard does not belong 
to one organism but rather a property of the ecological system that the host estab-
lished with its microbiome.

In the holobiont, the host is both a part of the ecological community (i.e., host 
and microbes), as well as its spatiotemporal landscape or ecological niche (i.e., host 
ecosystem). Thus, since the host is one of the organisms in the community but also 
its ecological niche it is entangled with the holobiont, and so is the host’s immuno-
logical identity entangled with the holobiont’s immunological identity. Thus, I argue 
that immunity is less of a physiological property per se, but should be studied as the 
property of the organism’s ecological system(s). Continuing this claim, in the next 
section I will distinguish the definition of the holobiont self (i.e., immunological 
identity of a host ecosystem) and its implication for understanding boundaries.

4  The holobiont self: the immunity of an ecological entity

Boundaries are an important aspect of immunology, their explanatory role is in dis-
tinguishing the immunological entity and its protection. But what is the importance 
of boundaries when thinking about immunity in terms of the process of integration 
and persistence of interactions?

Boundaries and the demarcation of borders are viewed differently in ecology 
than the way they are portrayed in immunology. In ecology, borders are flexible and 
delineated by patterns of different types of interactions and landscapes (Millstein, 
2018; Odenbaugh, 2007, 2010). Therefore, in ecology, the boundaries between eco-
logical entities are permeable and sometimes overlapping (McShane, 2004; Mill-
stein, 2018; Odenbaugh, 2010). In the traditional sense of immunology, boundaries 
are distinctive and necessary for the immune system’s function of protection by 
discrimination. The immune system in its traditional view distinguishes the organ-
ism’s boundaries by the demarcation of elements in the body as triggers and non-
triggers for immune response. However, in viewing the holobiont as a community 
constructed closely with the host (or as a host ecosystem) an alternative view of 
boundaries is needed. Thus, the boundaries get a different role from that of estab-
lishing belongness or a coherent identity to that of establishing a complex system of 
interactions (i.e., a functioning system in ecological terms) which contributes to the 
larger system’s immunity (i.e., the integration and persistence of the host’s physi-
ological systems and microbiomes).

The delineation of the boundaries of an ecosystem and a community follows the 
landscape as well as the level and strength of these causal interactions and interde-
pendence (Millstein, 2018; Odenbaugh, 2010). When examining ecosystems, such 
practice of boundary delineation shows that “ecosystems can exist at different scales 
and may be embedded in one another as parts to wholes” (Odenbaugh, 2010, p. 
245). Thus, by considering Tauber’s notion of eco-immunity and my suggestion of 
the host ecosystem, the holobiont’s boundaries should be determined by the different 
levels of the integration of interactions and not the discrimination between interac-
tions. Also, it can be the case that there are many different microbial communities 
and ecosystems (i.e., microbiomes) within and around the holobiont and their causal 
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interactions under empirical investigation. For example, the vaginal ecosystem and 
the gut ecosystem are part of a human host ecosystem. Each has its unique micro-
bial community with different dynamical interactions. The vaginal ecosystem is less 
diverse but changes through the menstruation cycle and the gut ecosystem is diverse 
but more stable. Also, there are some indications that both ecosystems also experi-
ence mutual changes that feedback on each other of microbial composition, body’s 
tissues, and cells, as well as abiotic components of oxygen, metabolites, and acidity. 
Thus, both ecosystems belong to a holobiont and are connected through the host’s 
systems.

To better understand this perspective regarding the holobiont’s borders and 
immunity, consider this analogy from ecology: a lake is an ecosystem composed 
of biotic and abiotic elements with a spatiotemporal existence. In this analogy, the 
lake ecosystem is analogous to the host ecosystem which is the holobiont. Thinking 
about the lake’s existence and continuity, we need to account for all the components 
and their processes of interactions as well as the changes they undergo through time 
in their composition. Thus, it will be strange to think of some biotic components as 
belonging to the lake compared to others just because these components are tempo-
rary and interchangeable. Better instead is to understand the dynamic and relations 
within the lake ecosystem, the intimacy and continuity of the interactions, and their 
trajectories. In other words, classifying the organisms in an ecosystem in terms of 
domestic/native/non-pathogenic or foreigner/invasive/pathogenic is limited without 
the understanding of the interactions dynamic, their place of occurrence, energy 
flow, and contribution to the ecosystem’s capacities.9

The organisms in a lake, including the microbial communities, are an essential 
part of the lake’s ecosystem and life cycle with a web of interactions in various 
degrees of interdependence. Organisms such as bacteria, algae, invertebrates (i.e., 
plankton, crustaceans, mollusks, and insects), and plants as well as vertebrates are 
interdependent in trophic interactions and shape the lake’s features such as nutri-
ent content, dissolved oxygen, pollutants, pH, and sedimentation. Such features are 
factors in the lake’s ‘life cycle’ and gradual extinction.10 The biotic component can 
have different intensities of interactions, some are permanent residents such as the 
algae or microbes and others are constant visitors such as birds, or grazers.

All lakes have a life cycle of different lengths depending on their different fea-
tures. Nevertheless, the biotic components of the lake are an important part of its 
processes of stability and persistence and are such across the lake’s boundaries. 
Thus, the boundaries are defined in terms of interactions and not in terms of belong-
ing. If evaluating the lake’s state in terms of stability and resilience, then we can 
use the term beneficial to characterize changes such as migration. Changes in the 
biota composition such as the migration of species may change the lake’s features 

9 See a similar work by Foster et al. (2017) The evolution of the host microbiome as an ecosystem on a 
leach. Their model of ecosystem on a leash predicts the evolution of host-microbiome interactions. Thus, 
their perspective combines both the dynamics of microbial competition and the host’s various mecha-
nisms of control (i.e., physiological, behavioral, and immunological) as part of a unique ecosystem that is 
a living host organism.
10 For lack of a better term the ‘life cycle’ refers to the lake’s cycle of existence. I am not suggesting here 
that a lake is a living being.
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influencing its state of stability or persistence. Thus, for example, if a migrant spe-
cies contributes to the lake’s stability and persistence over time it benefits the lake 
and all the organisms in it. If the migrate species causes dramatic decomposition of 
plants and algae filling the basin with sediment and plant material, it is less benefi-
cial to the lake’s stability and persistence.

A distinction between the biotic component that ‘belong’ to the lake ecosystem 
and those that are ‘visitors’ or ‘migrants’ may be possible in terms of the inten-
sity of the interactions and function in shaping the lake’s features. However, such 
a distinction is not essential in the determination of the lake’s state of stability and 
persistence. The lake’s ‘immunity,’ which in this example is in terms of stability 
and persistence is the outcome of various interactions in various levels of intimacy 
and consistency that is also influenced by the abiotic components.11 In this regard, 
the lake’s boundaries are important for the understanding of its features and unique 
interactions. But the criteria of clear inside/outside or belonging/foreign discrimina-
tion are not crucial for the definition of the lake’s condition rather it is the nature 
and dynamics of these interactions as they materialized into the lake’s functioning 
system (Jax, 2005; Millstein, 2020a, b). It is more important to look at the levels of 
integration of species within the ecosystem and their contribution to the ‘life cycle’ 
than to determine discrimination criteria. Or in other words, the discrimination cri-
teria of for example invasive vs. migrate species in ecology usually comes after the 
determination of the nature of the interactions and their function.

Similar to the example of the lake, the immunity of the holobiont is the process 
of the holobiont’s integration and persistence of interactions that contribute to the 
systemic functioning of the host and its general stability. Therefore, the immune sys-
tems of the host and microbes materialized through the immunity of the holobiont. 
When the host dies, the holobiont soon after changes into a different ecosystem of 
mostly decomposers (microbes and other detritivores) with different systemic func-
tions. The host is one of the organisms in the holobiont but with a special role in it. 
The host’s special role is similar to the basin of the lake. Once the lake flattens, it 
is no longer a lake, in this process the ecological community changes accordingly 
just as the host dies the holobiont features change into a gradual process of decom-
posing the host until there is no longer a holobiont. Furthermore, in the holobiont 
ecosystem, the immune interactions include a wider range than the reaction to trig-
gers between tolerance and response. Other types of interactions are essential for 

11 I put immunity in quotation marks because the concept of immunity or health is contentious in its def-
inition, both when it concerns organisms, e.g., humans, and more so when it comes to ecosystems. The 
main challenge is in coming up with a satisfying definition that is purely empirical and free of values and 
normative judgments (Boorse 1977; Costanza 1992; Kingma 2010; Wakefield 1992). Therefore, to avoid 
the need to commit to any of the suggested definitions and for the sake of my analogy, I consider immu-
nity in terms of stability and persistence as it is usually the case that stability and persistence are better 
than the lack of persistence and stability (in terms of non-equilibrium cycles). Here, I adopt McShane’s 
suggestion of normative evaluation of healthy vs. unhealthy as the healthy being the preferred state all 
things considered (McShane 2004). However, the definition of health or immunity needs an additional 
inquiry in a separate but related paper. Furthermore, I believe that thinking about the holobiont as a host 
ecosystem can benefit such inquiry, as it is already clear that these notions are very much connected 
when it comes to questions of health. See for example the concept of one health (Zinsstag et al., 2011) 
and the notion of population health (Valles 2018).
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immunity such as the range of strong and weak inflammation, collaboration and 
competition between bacterial communities, the collaboration or molecular commu-
nication between microbes and immune cells, predation, and so on (Gilbert & Tau-
ber, 2016; Tauber, 2016; 2017; Chiu & Eberl, 2016).

One limitation of this analysis is the lack of discussion on the transgenerational 
stability of immunity, meaning the formation and colonization of the host-microbial 
communities. It is likely that the colonialization events in a lake ecosystem and a 
host ecosystem are different mainly due to the host reproduction processes. Also, 
there are extreme differences in colonization and microbial transmission mecha-
nisms between different holobiont species (e.g., plants, marine invertebrates, mam-
mals). Although, this is an important aspect of the holobiont and other ecosystems 
in nature it is less relevant to the point of my analogy of understanding boundaries in 
ecology and the holobiont’s physiology. However, I do believe this issue of coloni-
zation both in ecology and the holobiont is important for the understanding of mac-
robe and microbial co-evolutionary processes within complex ecological systems.12

Thinking about the holobiont’s boundaries in terms of interaction is more helpful 
when the notion of immunity means stability and persistence through a variety of 
functions related to different capacities such as metabolism, growth, and reproduc-
tion, all of which involve patterns of interactions. The traditional inside-outside dis-
tinction should change to inside-outside connections/dynamics and the boundaries 
understood in terms of outlines that can move and change. The immunity as protect-
ing from harm reflected through these interactions and its meaning is the holobiont’s 
stability (in a non-equilibrium meaning) and persistence of functions through time 
in its environment. The holobiont self and its immunity as a process of integration 
of interactions also challenge the war metaphor in immunology. Once immunity is 
seen as a process of mutual interactions and immunological identity is of a host eco-
system, the meaning of immunity as integration fits better than that of discrimina-
tion. The use of metaphoric terms such as surveillance, detection, elimination, tol-
erance, and targeted-response to describe what the immune system does, relates to 
one aspect of the interactions pertaining to immunity. Other aspects should include, 
mutual interactions, population dynamics, functional integration, and collaboration. 
This way of thinking about immunity opens wide possibilities of understanding 
immunity and the functions of the immune system that looks into the ecological 
dynamics of the interactions.

5  Possible objections

There are a few possible objections to the view presented here mostly related to 
biomedical practices. I present three possible objections regarding the perception 
of immunity and health as the protection of the cohesiveness of the immunologi-
cal identity. In my response to these objections, I show some black boxes regard-
ing the individualist view, of the self-environment distinction, the definition of 
infections, and autoimmune diseases. Furthermore, I argue that the view of the 

12 I thank the anonymous reviewer for this clarification.
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host-ecosystem and the holobiont self is in line with the general motivation of 
views such as one health (Zinsstag et al., 2011), population health (Valles, 2018), 
and extended health (Morar & Skorburg, 2018), which promote the understanding 
of the role of the ecological, social, cultural, and political context in the indi-
vidual’s health. The functional explanation of immunity I present here looks at 
the immunity of the host ecosystem and can contribute to some of the challenges 
raised regarding these views by looking at the causal explanations for physiologi-
cal conditions from an ecological perspective of the interactions and feedback 
loops in differed contextual cycles.

The first, objection argues that connecting the holobiont with the immunity 
is unnecessary. In this view, we have the host-organism with its immune system 
forming an immunological unit which includes the interactions with the micro-
bial communities in different levels of dependence. For example, the Squid and 
the V. fischeri are in symbiotic interactions and the notion of immunity refers to 
the squid, not the squid-bacteria host-ecosystem. Furthermore, if a distinction can 
be made clear by the immune function and the immunological identity, then it is 
simpler and more direct to look for the precise discrimination mechanism that 
allows the immune system to maintain the cohesiveness of the host-microbial 
interactions.

Such a picture not only helps with the organism’s physiological delineation of 
boundaries. This framing of immunity leads to my second and third objections 
that fit the causal explanation connecting bacteria or viruses as a cause for infec-
tions (e.g., Clostridium difficile, Helicobacter pylori, or SARS-CoV-2) or immu-
nological dysfunction as a cause for chronic non-inflectional diseases. Thus, the 
one causal direction connecting microbes to disease or looking for a generaliza-
tion in immune effective response such as immunogenicity is within the paradigm 
of the discriminatory mechanisms looking for the causal explanations within the 
organism.

To these objections, my response is that the causal explanations of the role of 
microbes in infection and immunological dysfunction are already known to be 
somewhat weak because it ignores the multifunctional causes of the dynamic of 
interactions and background conditions (Lynch et  al., 2020; Schneider, 2020b). 
For example, in many studies of Inflammatory Bowel Diseases (IBD), the cause 
of chronic inflammation is unknown and unexplainable by the framework of the 
discriminatory mechanism and immunogenicity (Morar & Bohannan 2019; Sch-
neider, 2020a). The view presented here of ontological heterogeneity and the 
immunity from the holobiont perspective provide a conceptualized framework to 
new and existing biomedical practices that consider the microbiome as a whole 
not targeting specific pathogens (e.g., microbiota faecal transplant (MFT), probi-
otic and prebiotic consumption). The different practical framework looks at the 
immunological interactions as an ecological environment with checks and bal-
ances involve various interactions. Therefore, the therapeutic solutions incorpo-
rate assumptions regarding the dynamic of interactions and the changes in the 
gut’s environment as the aim of the therapeutic practices (Morara & Bohannan 
2019). Also, this complexity and ecological terminology (i.e., gut environment) 
do not fit the common meaning of disease as infection and dysfunction.
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Furthermore, in many cases, the actual disease or harmful symptoms are the 
results of a combination of compositional and environmental changes in bacterial 
communities, not an infection/transmission/migration of new species, meaning 
that the disease occurs in response to already existing microbes that proliferate or 
changes its pattern of interactions and metabolism. Thus, the change in immune 
response might be the result of a change in background conditions. In many cases 
of changes in microbial composition or migration, the infection levels depend also 
on the dynamics of interactions (and molecular composition) with other microbes 
present (similar to the ecological community in the lake when migrating species can 
compete and occupy niches or integrate into the web of interactions already present).

Thus, my response to this objection is that when symptoms of the disease appear, 
instead of using the terminology of infection and immune response, it is better to 
look at the dynamic of the environmental interactions within the body and in its 
surrounding. For example, in many cases of known infectious diseases, the bacteria 
were already present (e.g., Streptococcus, Salmonella, and are all-ready part of our 
microbiome) and the symptoms can be a sign that some species become coloniz-
ers, take over space, and changes the existing dynamic of interactions and functions. 
This, of course, comes in degrees depending on the changes and how the various 
microbial communities and immune cells react to the changes, i.e., in their ability 
to integrate. This way of thinking also explains the variation of symptoms between 
individuals with the disease. For example, in the ecological view, treating symptoms 
of IBD is not only by educating the immune system, but it is also the understanding 
that the bacterial communities should be ‘educated’ as well (e.g., MFT is a form 
of community ‘education’).13This perspective also supports the view of extended 
health which connects medical practices with the individual’s close and immediate 
surroundings (Morar & Skorburg, 2018).

Finally, the search for a proper explanation of immunogenicity as a framework 
for diseases that are caused by the immune system such as allergies, arthritis, IBD 
is also limited. The immune self metaphor within the protection notion of immunity 
explains these medical conditions with the view that the immune system attacks the 
body where it should not. Thus, the treatment is by educating the immune system or 
by suppressing its responses. For example, new cancer treatments are now following 
the logic of educating the immune system to react to malignant tumors. The same 
logic works with allergy treatment of desensitizing the immune system. Thus, the 
objection is that changing the terminology from the war metaphor to integration is 
trivial and does not help in introducing new ways of understanding such conditions 
giving rise to new and better methodological practices.

My response is that a disease examined in terms of integration or lack of integra-
tion between host and microbes is better in framing such dysfunction or deficiency 
through the lenses of the dynamic of interactions. Thus, new existing practices of 
“educating” the immune system as in cancer or educating the microbiome in IBD 
are better explained within an ecological framework than the immunological dis-
criminatory framework. For example, the dynamic of the interactions between the 

13 The meaning of the term ‘education’ refers to the change in the dynamical interactions that will pro-
mote integration and not colonialization.
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immune cells and the microbial cells in the host can either balance the growth of 
one microbial species or body cell, or become affected by it and change. Immu-
nodeficiency can be the lack of functions contributing to one or more systems due 
to changes in the dynamic of the interactions (such as checks and balances of cell 
growth or gut metabolism). From an ontological heterogeneity view of the host eco-
system, these functions are mutually produced by the interactions with microbes and 
cells in the host’s body.

The future implications of such an understanding of immunity and boundaries 
are the ecological and environmental understanding of health as well as diseases. 
The holobiont is a host ecosystem that is part of a larger ecosystem involving other 
holobionts and microbial communities. Thus, the idea of the immunity of the hol-
obiont involves the processes of the immunity of its surrounding ecosystem. This 
view can be beneficial in thinking about vaccination, antibiotic resistance, and the 
food industry by coherently connecting environmental health issues with individual 
medical conditions. Thus, medical conditions are also addressed in terms of envi-
ronmental and ecological understanding of the individual holobiont by looking at its 
host-microbial integration. From this perspective the biomedical therapeutic solu-
tions should be contextual, such as the household and close family suggested by the 
extended health hypothesis, and also agriculture and food production as suggested 
by one health concept.14

6  Summary

I discussed the holobiont challenge to the meaning and understanding of immunity, 
the host immune system, and the meaning of boundaries regarding individuality. 
Firstly, I discussed the unique structure of the holobiont as a host ecosystem. Sec-
ondly, I discussed the notion of immunity from the holobiont perspective as a pro-
cess of integration of interactions and persistence of the complex system of interac-
tions (i.e., functioning system). Lastly, I discussed the notion of the holobiont self 
and the meaning of boundaries in terms of integration of interactions which is differ-
ent than the traditional role of distinction. Thus, the immune function of separation 
and discrimination can be thought of as one of many functions under the umbrella of 
the process and integration of interactions.

In the holobiont literature, the main discourse is on the question of individual-
ity with the three following main definitions of the holobiont as an evolutionary 

14 The view I am presenting here offers an argument supporting notions of health in context (vs. the 
emphasis on the individual’s health). The emphasis on the context in views such as One Health, 
Extended Health, and Population Health discusses the importance of different contextual aspects (e.g., 
social norms, industrial agriculture, environmental conditions, and interactions). My view is in line with 
the extended health approach, providing an ecological framework for interactions in health. In particular, 
my view can benefit from the latter’s analysis of the close interactions having a constitutive role in indi-
viduality. However, I also think that broader contexts should be included, such as social and economic 
norms and infrastructure, industrial agriculture, and other environmental conditions. Therefore, my view 
does not need to take a stand on which context is more essential or achieves better practical results, rather 
it provides an argument for the importance of the environment and the processes of interactions in health 
in general.
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individual (Zilber-Rosenberg & Rosenberg, 2013), physiological individual (Pradeu, 
2016), and ecological community (Skillings, 2016). These three conceptualizations 
are not generalizations of all forms of holobionts, rather they examine each case 
or perspective of host-microbial relations. For example, the squid-Vibrio is a case 
for an ecological community from the microbial perspective or as Lloyd and Wade 
show a Demibiont (Lloyd & Wade, 2019; Suárez & Stencel, 2020). In my analysis, 
I do not commit to any distinctions between physiological or evolutional individual, 
or demibiont or holobiont, rather I suggest an ecological framework of individuality 
that is helpful in the conceptualization of immunity and biomedical practices. This 
view is wide enough, on the one hand, to include all forms of holobionts as ecologi-
cal entities from the microbial perspective, and also the immunological perspective 
of the host, and on the other hand, enables the specificity of scrutinizing each case 
characteristics by its interactions, microbial functions, degrees of cohesion and pos-
sibly evolutionary processes.

In my analysis, I ask how to characterize the holobiont as an immunological 
entity of host-microbes in ecological terms. This shift also reflects on the notion of 
the holobiont’s boundaries as a dynamic part of the process of interactions. In many 
ecosystems, as in the example of the lake, the study is of the interactions between 
the organisms in their communities and their effect on the persistence and stabil-
ity of the ecosystem functioning whole. Therefore, thinking about the holobiont as 
a host ecosystem with unique features opens a possibility of an ecological inquiry 
of the host-organism and its relation to the environment. Then, immunity can be 
thought of as the complexity of the integration of interactions within the host eco-
system, and immunogenicity as ontologically heterogeneous involving different pro-
cesses of interactions. Furthermore, this conceptual work benefits the shift in the 
understanding of the role of the environmental conditions in health and disease, and 
the therapeutic solutions accordingly.
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