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Biology of Cognition

The Epigenetic Immune Network
Nelson Monteiro Vaz • Universidade Federal de Minas Gerais, Brazil • nvaznvaz/at/gmail.com
Luiz Antônio Botelho Andrade • Universidade Federal Fluminense, Brazil • labauff/at/yahoo.com.br

> Context • The dominant theory in immunology is straight neo-Darwinian, almost 60 years old and does not ad-
dress its epigenetic foundation. In traditional immunology, cognitive notions are used only as metaphors: Cogni-
tive notions derived from enaction (Varela) and biology of cognition (Maturana) may be applied to immunology. 
> Problem • Why is there a huge gap between the rapidly growing knowledge in experimental immunology and 
applying this knowledge to medical issues? Could the difficulty be conceptual? > Method • We review the history of 
Varela’s involvement in immunology to contribute to the genealogical and cartographic understanding of his work, 
and we highlight the key questions that still need to be addressed. > Results • From our perspective, a phenomenon 
known as “oral tolerance” (stabilization of immune activity in relation to dietary and microbiota antigens) is crucial in 
the promotion of a change in paradigms. Applying non-metaphorical approaches to what is traditionally understood 
as immune cognition can be of great theoretical importance. For example, computer simulations of immunological 
activity were able to predict experimental results on oral tolerance. Reciprocally, experimental results, for example, 
the (adoptive) transfer of “oral tolerance” with mouse T lymphocytes, is critically important for immunological theory: 
“tolerance” understood as non-responsiveness cannot be transferred, thus it must be seen as an active phenomenon. 
> Implications • The article emphasizes the importance of Varela (and his collaboration with Coutinho and Stewart, 
in Paris) for the development of immunological theory. > Constructivist content • The organism, as a whole, is not a 
biochemical listing of properties, or the result of a genetic program but it is rather a process of continuous construc-
tion and maintenance. > Key words • Immunology, cognitive science, epistemology, Maturana, oral tolerance.

Introduction

« 1 » We highlight Francisco Varela’s 
participation in and legacy to the field of im-
munology. In pointing out what we consider 
as crucial open questions among which the 
nature of cognition is outstanding, it is of 
utmost importance to clarify that, as im-
munologists, we will not discuss the im-
portant participation of Varela in cognitive 
issues. We will restrict our observations to 
his meteoric passage through immunology. 
This acquired particular relevance because it 
happened in Antonio Coutinho’s laboratory 
in Paris, in the 1980s and 1990s, in which a 
massive amount of experimental evidence in 
favor of Niels Jerne’s idiotypic network theo-
ry of the immune system (Jerne 1974a) was 
being obtained. One of us (Andrade) was en-
gaged in his PhD studies in that laboratory 
(Andrade et al. 1989), while the other (Vaz) 
worked in that laboratory (1986–1987), is 
also familiar with those developments and 
eventually published in collaboration with 
Varela (Vaz & Varela 1978); Coutinho (Vaz, 
Martinez & Coutinho 1984), and John Stew-
art (Stewart & Vaz 1990). More specifically, 
a crucial open question pertaining to Va-
rela, Coutinho and Stewart in this context 

is whether immunological activity – more 
precisely, adaptive, lymphocyte-dependent 
immunological activity – should be seen as, 
or is actually an instance of, cognitive activ-
ity. Humberto Maturana, on the other hand, 
has seldom referred to immunology, except 
at our (Vaz’s) request (see Maturana 1993) 
and he also warned that “if we conceive the 
immune system as a cognitive system, we 
will try to explain and understand it in cog-
nitive terms according to what we think is 
a cognitive phenomenon” (Maturana & Da-
vila 2009: 296).

« 2 » To make the text more accessible 
for readers not familiar with immunological 
discussion, we will avoid presenting experi-
mental data, and will limit ourselves to pre-
senting a compact history of immunological 
ideas, with emphasis on the great theories 
and their presuppositions.

A compact (and biased) 
history of immunological 
ideas
« 3 » Immunology, as an experimental 

science, validated by the scientific method, 
was born with the invention of vaccines, 

in the work of Edward Jenner and Louis 
Pasteur. The success of the disruption and 
eradication of a serious disease, such as 
smallpox, gave credibility and boosted the 
new discipline. The experimental demon-
stration that sera from animals immunized 
against a bacterial toxin when transferred 
to normal animals protected them against 
a lethal challenge with the same toxin but 
not for an unrelated one (von Behring & 
Kitasato 1961), scored immunology with its 
structuring concept – specificity.

« 4 » The discovery of antibodies pro-
voked a controversy and a great debate be-
tween two schools, one led by Paul Ehrlich 
and another led by Jules Bordet and Karl 
Landsteiner. In Ehrlich’s view (1899), the 
antibodies were preformed chemical enti-
ties (lateral chains), existing on the cells of 
the organism, playing a nutritional function. 
He advocated that such side chains, by pure 
chance, could bind to the chemical clusters 
of the antigens and this would induce the 
cell to produce the same side chain, now 
more intensely. The excess of this produc-
tion could somehow be released from the 
cell into the internal milieu, thus existing 
in free form in the serum (Silverstein 1986). 
On this view, the organism, including the 
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immune system, knows the antigenic world 
because it recognizes it in its own proteins 
(side chains).

« 5 » In contrast to Ehrlich’s view, Bor-
det and Landsteiner argued that it was not 
plausible that a cell could synthesize such a 
large variety of side chains to account for the 
antigenic universe, including invented mol-
ecules synthesized in the laboratory by man 
himself. This argument opened the door to 
instructional theories, with antigens serving 
as templates by which antibody molecules 
should be formed (Silverstein 1986). Note 
that on this view, there is no pre-existing 
immune system before the encounter of the 
organism with the antigen. The organism it-
self would be like a tabula rasa in which the 
antigens were leaving their marks.

« 6 » In the mid-1950s, an opposing 
view of instructional theory was formu-
lated by Niels Jerne. Essentially, the theory 
of “natural selection for antibody forma-
tion” argued that the organism was capable 
of spontaneously producing a very large but 
finite number of different antibodies and 
that maturation of the affinity (avidity) of 
the antibody molecules was due to the result 
of the best chemical fittings among a large 
number of possibilities (Jerne 1955). On 
the backbone of Jerne’s Theory, Macfarlane 
Burnet (1959) proposed his “theory on the 
clonal selection of acquired immunity.” He 
changed the subject from antibody selection 
to cells pre-committed with their synthe-
sis, postulating that a lymphocyte, when in 
contact with a corresponding antigen, in-
tensively divides, forming a clone, and that 
all the descendants of this particular lym-
phocyte (clone) synthesize molecules with 
the same specificity. The paradox of this 
conception is that many lymphocytes would 
be able to “recognize” the antigenic universe 
and, at the same time, they had to ignore 
themselves and the organism that produced 
them (Vaz 1983). The identity of the organ-
ism, viewed from this dominant paradigm, 
presents itself as a negative affirmation of 
the (molecular) self.

« 7 » In 1974, Jerne published the first 
systemic theory for immunology: the id-
iotypic network theory, proposing that 
antibodies are interconnected, and may 
function as anti-antibodies. In this way of 
seeing, self-reactivity ceased to be an aber-
ration and became the fundamental condi-

tion of immunological phenomenology. In 
this historical moment, one of us (Vaz) had 
just characterized a phenomenon that must 
be considered of fundamental importance 
for the understanding of immunological 
activity in physiological terms – the fact 
that the ingestion of proteins as food drasti-
cally reduces the capacity to form antibod-
ies against them. This phenomenon, known 
as “oral tolerance,” requires a drastic change 
in the way of seeing immunological activ-
ity and it was in this historical context the 
meeting with Varela in Denver took place, 
as described in Vaz (2011a).

« 8 » According to microbiologist and 
immunologist, Ludwik Fleck, considered by 
Thomas Kuhn to be one of the epistemolo-
gists who influenced the construction of his 
classical The Structure of Scientific Revolu-
tions (Kuhn 1962), scientific facts do not ex-
ist in nature waiting to be discovered by an 
observer. Instead, facts emerge as the result 
of a social process constructed by collectives 
of thought, each covmposed of individuals 
who share a specific style of thought in a 
particular historical context (Fleck 1979). In 
this sense, the bright work of Varela must be 
understood in the historical context of the 
different fields in which he acted as a scien-
tist, highlighting his main interlocutors.

Vaz: Meeting Varela in 
denver 1977
« 9 » When we met in Denver, Varela 

was not familiar with immunology, but he 
carried a great intellectual baggage in sys-
temic biology derived from his learning 
with Maturana when both participated in 
the construction of the concept of autopoi-
esis and also of what later came to be called 
Biology of Cognition. That intellectual and 
epistemological background is described as 
a conversation between Varela and Donna 
Johnson, published in Co-evolution Quar-
terly (later The Whole Earth Catalog) in the 
Summer of 1976, entitled “Observing Natu-
ral Systems.” In that article, he conveys the 
idea that the identity of systems, their whole-
ness – Varela’s main interest – may be per-
ceived when we figure their organizational 
“closure”: i.e., when we see them as com-
pound unities that are circulars and produce 
themselves as a process of self-reference (Va-

rela & Johnson 1976). With these and other 
arguments, Varela introduced me to the no-
tion of networks and, in turn, I introduced 
him to immunological phenomena. But we 
were at a very peculiar moment: we had 
virtually stumbled upon the phenomenon 
presently known as “oral tolerance” (see Vaz 
2011a). Jerne’s idiotypic network theory had 
been published a few years before and rep-
resented a major theoretical breakthrough. 
However, Varela argued that Jerne’s network 
was incomplete because it lacked the notion 
of “closure” (an invariant systemic organiza-
tion), a notion which he felt was essential in 
the description of all systems. He wrote to 
Jerne who praised our manuscript entitled 
“Self and Nonsense: An Organism-Centered 
Approach to Immunology” (Vaz & Varela 
1978). Actually, Jerne had formerly claimed 
that “we must now accept that the immune 
system is essentially ‘closed’ or self-sufficient 
in this respect [in its recognitions and acti-
vations]” (Jerne 1974b: 6). This statement 
appeared in Jerne’s internal report as Direc-
tor of the Basel Institute for Immunology 
but to my knowledge, was never published 
again. Jerne’s main article refers to a revo-
lutionary new idea that would change im-
munology as a whole, but never describes 
this idea explicitly. It could not be the idea 
of anti-antibodies (anti-idiotypic antibod-
ies) as components of the immune network, 
because these connections could not be all 
equivalent. I believe, as Varela did also, that 
this missing idea was the idea of “closure,” 
or, more simply, the idea of the wholeness 
of systems.

« 10 » During our collaboration in Den-
ver, Varela visited Gregory Bateson in Cali-
fornia. I was aware of Bateson’s importance 
in epistemological discussions, having re-
cently read his Steps to an Ecology of Mind 
(Bateson 1972).

« 11 » Shortly after returning to Brazil, I 
published a couple of articles reflecting my 
understanding of organism-centered im-
munological activity (Vaz 1979, 1981), still 
under the spell of Varela’s ideas. One of these 
papers contained a figure that I reproduce 
here slightly modified (Figure 1), represent-
ing differences between “antigen-centered” 
and “organism-centered” processes. Fig-
ure  1 also illustrates the fundamental dif-
ference between Burnet (clonal) and Jerne 
(network) theories of immunological activ-
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ity. The cyclic organization depicted in Fig-
ure 1B, emphasizes the existence (or emer-
gence) of a circular entity, to which Varela 
referred as an organizational closed entity. 
Delineating entities like these was one of Va-
rela’s priorities (Varela 1995). That was the 
beginning of my systemic understanding of 
immunological activity.

« 12 » This closure and the entity it con-
figures, corresponded to the “new and fun-
damental idea” that Jerne mentioned in his 
idiotypic network theory (Jerne 1974a: 380), 
but, except for mentioning that new devel-
opments would involve system analysis (in 
the table on page 374), he never said explic-
itly which idea it was:

“ The determination of mechanisms will remain 
important, but I think there is now a need for a 
novel and fundamental idea that may give a new 
look to immunological theory, similar to the im-
pact that the idea of selection had on theoretical 
developments on the period 1950–1970.” (Jerne 
1974a: 376)

« 13 » In 1982, I organized a Symposium 
for the Brazilian Society for the Advance-
ment of Science (SBPC), where Varela, Mat-
urana and Coutinho met one another, per-
sonally, which turned out to be important 
for the future collaboration between Varela 
and Coutinho in Paris, France.

Paris 1986–1995

« 14 » During this period 1986–
1995 in Paris at the laboratory l’unité 
d’Immunobiologie at the Pasteur Institute, 
directed by Coutinho, a very active interna-
tional group of young immunologists was 
formed. In this group, Varela co-authored 
about twenty important articles and book 
chapters in experimental and theoretical 
immunology.

« 15 » The so-called “Paris school” of 
theoretical immunology (Tauber 2006; 
2017), an important and fecund expansion 
of Jerne’s network idea headed by Coutinho, 
was a meeting of important “collectives of 
thought” sharing a specific style in theoreti-
cal immunology. This was a time and place 
of intense production of experimental find-
ings on the “internal activity” of the immune 
system, before Varela arrived as a collabora-

tor within that group. Coutinho was one of 
the brightest collaborators of Jerne at the 
Basel Institute for Immunology, and he was 
already publishing hundreds of experimen-
tal findings that were totally incompatible 
with clonal concepts even before he moved 
to Paris (e.g., Forni et al. 1980).

« 16 » In Paris, Coutinho had an impres-
sive work style with many international col-
laborations with important groups through-
out the world. Within the period that we are 
presently analysing (1986–1995) Coutinho 
published papers on several immunologi-
cal domains such as the origin of natural 
antibodies (Lundkvist et al. 1989); idiotypic 
natural antibody reactions (Holmberg et al. 
1986); transplantation tolerance (Bandeira 
et al. 1989); lymphocyte population kinet-
ics (Freitas, rocha & Coutinho 1986); B 
cells and antibodies in the selection of T cell 
repertoires (Marcos et al. 1988; Martinez 
et al. 1988); the fetal maternal-relationship 
(Martinez et al. 1986; Andrade, Martinez & 
Coutinho 1990); autonomous activation of 
B and T cells in antigen-free mice (Pereira 
et al. 1986); and autoimmunity (Varela et al. 
1991), among several others.

« 17 » Varela moved to Paris in 1985 and 
started to work in the Ecole Polytechnique 
in collaboration with Bruno Dupire and 
other neurobiologists. There he started to set 
up a Laboratory to study the neurophysiolo-
gy of color perception in pigeons. In 1986, in 
a conversation with Luiz Andrade, he talked 
about Chile and Brazil and showed him the 
paper he was writing at the time, entitled 
“Connaître: Les sciences cognitives, tend-
ances et perspectives” (Varela 1989).

« 18 » Varela’s interest in immunology 
was renewed when, invited by Coutinho, 
he visited his laboratory in Paris; he had 
met Coutinho in 1982, in Brazil a few years 
before (see Vaz 2011a). From then on, he 
frequently joined seminars at Coutinho’s 
laboratory and participated in discussions 
on theoretical perspectives and experi-
mental approaches in mouse immunology 
and also on simulations of immunologi-
cal activity in computer simulations, which 
he pursued for many years with Stewart. 
This last author had joined the group after 
a conversation we held in a Symposium in 
Cerisy (see Coutinho 2003: 18) and his col-
laboration with Varela resulted in the publi-

anti-a
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anti-b anti-c
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Figure 1 • Contrasting two ways of understanding immunological activity. (A) Antigen-cen-
tered. Environmental antigens (a, b, c) are recognized by unities (clones, set of clones) indepen-
dent from each other (anti-a, anti-b, anti-c). (B) Organism-centered. The recognizing unities 
(cells, cell clones, set of cell clones) are interdependent and generate a cycle of internal interac-
tions. Unity anti-a recognizes an idiotypic determinant (a) as a normal component of unity 
anti-c, which recognizes c on unity anti-b, which recognizes b on unity anti-a. Environmental 
antigens (a', b', c') are confounded (degenerate specificity) with determinants a, b, c. (Note: In 
the original publication Vaz 1981 these options were called A: self-ignoring and B: self-determi-
nation, which are now replaced by antigen-centered and organism-centered, respectively.)
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cation of several important theoretical and 
experimental articles. Working on extensive 
experimental observations of the intercon-
nectivity of monoclonal antibodies pro-
duced from neonatal and adult mice (Hol-
mberg, Ivars & Coutinho 1984; Holmberg, 
Freitas, Portinoi, Jacquemart, Avrameas & 
Coutinho 1986; Holmberg, Wennerström, 
Andrade & Coutinho 1986), these computer 
simulations showed that a greater degree of 
connectivity was correlated with less clonal 
expansion, i.e., with “tolerance” to exposure 
to the specific antigen. However, this did not 
preclude widespread activation throughout 
the network of connections. Thus, the stabil-
ity of the global network was dependent on 
an adequate degree of connectivity among 
its components (Stewart, Varela & Coutinho 
1989). Therefore, the “conservative activity” 
of the network depended on the degree of 
interconnectivity among its components 
and those lymphocytes with less connectiv-
ity had a tendency to expand and disturb the 
harmony of the system ‒ its dynamic stabil-
ity (Stewart, Varela & Coutinho 1989). This 
is in direct opposition to what is proposed 
by the clonal selection theory, in which 
pathogenic autoimmunity derives from 
lymphocytes that connect with body com-
ponents, are activated and expand.

« 19 » From this period came also the 
concepts of immune activity as a dynamic 
network embodying a cognitive domain 
endowed with a “metadynamics,” under-
stood as the continuous production of new 
lymphocytes with variable receptors, novel 
molecular alternatives, most of which never 
participated in the network dynamics and 
very rapidly decayed and disappeared (Va-
rela & Coutinho 1991).

« 20 » Based on computer simulations 
of immunological activity, Stewart, Varela 
and Coutinho proposed that autoimmune 
pathogenesis was due to reduced connectiv-
ity of lymphocytes with body components, 
rather than to the mere existence of patho-
genic forms of connectivity, as proposed by 
the clonal selection theory. Thus, “[…] the 
greater the degree of connectivity of a clone, 
the greater its degree of tolerance to chronic 
antigenic stimulation” (Stewart, Varela & 
Coutinho 1989: 15). This development was 
important to accommodate strong experi-
mental evidence, not only of the presence 
of “autoantibodies” but also of activated 

self-reacting T lymphocytes (Pereira et al. 
1986) in healthy animals including humans 
(Coutinho, Kazatchkine & Avrameas 1995)
This development preceded by decades the 
accumulation of evidence that many dif-
ferent forms of pathogenesis, including 
autoimmune diseases, allergic sensitivity, 
severe clinical forms of infectious diseases 
and some congenital birth defects (such as 
Omenn syndrome (Leavy 2007), are associ-
ated with the expansion of lymphocyte pop-
ulations with a limited clonal diversity, i.e., 
oligoclonal expansions (Pordeus et al. 2009). 
To our knowledge, no claim was made to 
see oligoclonality as the generative mecha-
nism of pathogenesis, except those that can 
be extracted from the conclusions origi-
nally made by Stewart, Varela & Coutinho 
(1989) and our own subsequent insistence 
on pathogenesis by lymphocyte oligoclonal 
expansion (Pordeus et al. 2009; Vaz & Car-
valho 2015; Vaz 2016). A similar point of 
view has been presented also by Stewart and 
Coutinho (2004) and more recently by Stew-
art (2014) as an aspect of a great expansion 
of Varela’s notion of enaction to many areas 
of biology and cognition.

oral tolerance: further 
points
« 21 » The point on which one of us has 

fruitlessly insisted for the last 40 years (Vaz 
et al. 1977; Vaz 2016) is the connection of 
this insight – health requires high connec-
tivity among lymphocytes, reduced con-
nectivity is pathogenic (Pordeus et al. 2009) 
– with the phenomenon known as “oral tol-
erance.” We will expand this discussion now 
and point to some important questions that 
remain open.

« 22 » We believe that the oral route of 
exposure to antigens is mainly tolerogenic 
because it propitiates a high rate of lympho-
cyte interconnectivity: there is an immense 
diversity of activated lymphocytes in the 
gut, mainly in the duodenum and proximal 
jejunum, which are the areas in which pep-
tides are mainly absorbed.

« 23 » Newborn mice are not susceptible 
to oral tolerance induction (Hanson 1980); 
susceptibility grows in parallel with the abil-
ity to perform immunological actions, in 
general (Vaz et al. 1997), and also is reduced 

in senility (Faria et al. 1993) and may be re-
stored by transfusion of lymphocytes from 
younger donors (Lahmann et al. 1992). This 
form of tolerance is a much better model of 
immunological activity and is quite different 
from the allo-tolerance described by Peter 
Medawar and associates (Billingham, Brent 
& Medawar 1953).

« 24 » Furthermore, those findings by 
Medawar and colleagues were contradicted 
by the demonstration that allo-reactive lym-
phocytes are not eliminated from allo-toler-
ant mice (Bandeira et al. 1989). Medawar’s 
approach, which was fundamental to the 
proposal of Burnet’s (1959) clonal selection 
theory and the notion of self/non-self dis-
crimination (see Burnet 1961), was mistak-
en, and this contradicts basic tenets of the 
clonal selection theory.

« 25 » Oral tolerance may be adoptively 
transferred to naive recipient animals with T 
lymphocytes (richman et al. 1978). Further-
more, is not an inhibition: it is stabilization, 
conservation of levels of specific responsive-
ness (Verdolin et al. 2001). This is a crucial 
observation because the same reasoning ap-
plies to “natural tolerance” (self-tolerance). 
The presence of “auto-antibodies” (Coutin-
ho, Kazatchkine & Avrameas 1995) and 
activated self-reaction T cells (Pereira et al. 
1986) can no longer be ignored. The crucial 
issue is not that they exist, but rather that 
they are in harmonic equilibrium.

« 26 » Attempts to immunize mice with 
(orally) tolerated antigens trigger significant 
anti-inflammatory phenomena that are able 
to block several unrelated immunological 
events, such as antibody formation to other 
antigens, granuloma formation (Carvalho et 
al. 2002) and also the direct inflammatory 
action of carrageenan injections (ramos 
2011). More recently, Carvalho and collabo-
rators have shown that these anti-inflamma-
tory effects may also influence the healing of 
skin wounds (Costa et al. 2011; de Souza et 
al. 2015).

« 27 » Previous oral exposure to a rat-
heart extract significantly affects the inflam-
mation that occurs in response to myocar-
dial lesions in rats injected with high doses 
of isoproterenol (ramos et al. 2012).

« 28 » For all the above reasons, “oral 
tolerance” opens a wide avenue of investiga-
tion into immunological activity as a whole. 
The recent characterization of an abundant 
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and diverse native microbiota to which the 
organism is normally “tolerant” should be 
able to do what the experimental evidence 
accumulated during several decades about 
oral tolerance with dietary proteins was 
unable to do. That is, it suggests a more ad-
equate vision of immunological activity as a 
conservative physiology, rather than a dedi-
cated system of defence against infections.

open questions

should we see the immune system 
as a cognitive system?
« 29 » The study of living (as a process) 

has been a life-long interest for Varela and 
Maturana who are frequently quoted as the 
founders of the theory of autopoiesis. Varela 
himself mentioned a “Santiago School” of 
cognitive sciences (Varela 1976). Maturana 
was a mentor of Varela at the beginning of 
his career and they published together in 
that initial period but, from then on, fol-
lowed quite different directions and had dif-
ferent interests (Maturana 2011; Maturana, 
Paucar-Caceres & Harnden 2011; Varela 
2011).

« 30 » Varela did not include immunol-
ogy in his conceptual cognitive sciences car-
tography (Varela 1988, 1989), drawn when 
he was just beginning his collaboration with 
Coutinho and, subsequently, with Stewart. 
However, his reasoning may suggest (e.g., in 
the titles of papers such as “The real Thing,” 
Varela & Coutinho 1989, and “The body 
thinks,” Varela & Anspach 1994) that he 
conceived of the immune system as a cogni-
tive system. Here are Varela’s initial words in 
a paper written in 1988:

“ The first intention of this paper is to argue 
that by so doing one is leaving unexamined and 
shrouded in a fog of mystery the most interest-
ing domain of phenomena the immune system 
affords to animals: their cognitive abilities. To 
advance in this direction, one must be willing to 
embark on an explicit examination of the cogni-
tive mechanisms proper to the immune system.” 
(Varela 1988, our translation)

« 31 » For Maturana, “[…] living sys-
tems are cognitive systems and living, as a 
process, is a cognitive process […]. This 
statement is valid for all organisms, with 

and without a nervous system” (Maturana 
1970b: 8). Thus, cognition may be observed 
in every living system – but this does not ap-
ply also to systems and subsystems of living 
organisms, such as the nervous and the im-
mune system of vertebrate organisms. This 
is the question at stake here, and the elusive 
aspect of it upon which we touch only tan-
gentially, and therefore remains as an open 
question. Consistent with Maturana’s ap-
proach, we have claimed that only immu-
nological observations, not immunological 
activities, are specific (Vaz 2011b).

Is the circularity of a system 
a relevant aspect of its structure, 
or simply an aspect that acquired 
presence for an observer?
« 32 » For years, I (Vaz) have placed 

great emphasis on differences between 
“antigen-centered” (clonal, traditional) and 
“organism-centered” (networkish, systemic) 
approaches to immunology. For example, I 
valued the circularity in Figure 1B as repre-
senting my view of an “identity” discussed in 
the paper with Varela (Vaz & Varela 1978). 
Varela claimed that defining the emergence 
of an identity was, possibly, the single ques-
tion that genuinely interested him during 
all his life (Varela 1995). But, consider the 
criticism presented by Pille Bunnell, in mak-
ing explicit reference to her deep respect for 
Maturana’s ideas (with added emphasis):

“ It is not that I do not  like circularities per se. 
Indeed, I think circularities are an abstraction, 
from a complex network of intersected systems, 
of a sub-set of connections that have a presence for 
the observer so that he or she has become aware 
of  them. As a cognitive operation, this is no dif-
ferent than abstracting a subset of connections that 
comprise a linear causality – other than provid-
ing a different perspective, and perhaps evoking 
a broader understanding of dynamics. It is only if 
one insists on the logic of linear causality that one 
is forced to devalue an argument due to its circu-
larity.” (Bunnell 2000: 269)

« 33 » According to this claim, there 
is no difference between distinguishing a 
subset of connections that comprise a linear 
causality and another subset that configures 
a circular causality. In other words, the cir-
cularity in itself only becomes a crucial ele-
ment in defining an identity when it acquires 

“a presence for the observer.” In itself, circu-
larity does not mean anything. Bunnell’s 
remark refers to observations of distinctions 
made by a human observer; the observer 
may believe to be referring to something out 
there in the world, but he or she is actually 
saying something to an observer, that may be 
him- or herself (Maturana 1970b).

Which is the generative mechanism 
of immune pathology?
« 34 » Is it the result of the expansion 

of auto-reactive clones, or rather, more gen-
erally, a loss of connectivity and the emer-
gence of oligoclonal expansions?

« 35 » In our way of seeing, autoimmune 
pathogenesis derives from reduced connec-
tivity of lymphocytes among themselves 
and with body components (Stewart, Varela 
and Coutinho 1989), rather than from the 
mere existence of pathogenic forms of this 
connectivity, as proposed by the clonal se-
lection theory. This development of these 
ideas preceded by decades the accumula-
tion of evidence that many different forms 
of pathogenesis, including autoimmune 
diseases, allergic sensitivity, severe clinical 
forms of infectious diseases and some con-
genital birth defects, are associated with the 
expansion of lymphocyte populations with 
a limited clonal diversity, i.e., with oligoclo-
nal expansions (Pordeus et al. 2009). To our 
knowledge, no claim was made to ascribe 
causal relevance to these mechanisms, ex-
cept those that can be extracted from the 
conclusions originally made by Stewart, Va-
rela & Coutinho (1989) and our own more 
recent review on pathogenesis by lympho-
cyte oligoclonal expansion (Pordeus et al. 
2009; Vaz & Carvalho 2015; Vaz 2016). This 
point of view has also been reviewed and 
reinforced by Stewart and Coutinho (2004) 
and, more recently, by Stewart (2014) as an 
aspect of a great expansion of Varela’s notion 
of enaction to many areas of biology and 
cognition (Stewart 2012). Based on com-
puter simulations of immunological activity, 
Stewart, Varela & Coutinho proposed that:

“ the greater the degree of connectivity of a 
clone, the greater its degree of tolerance to chron-
ic antigenic stimulation. This tolerance does not 
correspond to an absence of response on the part 
of the system as a whole.” (Stewart, Varela & 
Coutinho 1989: 469)
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Conclusion

« 36 » Varela had no training in im-
munology. His main interest was in neu-
robiology, the brain and cognition, and he 
never interrupted his own work on these 
subjects while participating in the seminars 
at Coutinho’s laboratory. Immunology was 
a side-line interest for him as shown by the 
low frequency of his papers in immunology 
compared to neurobiology and cognition. 
Nevertheless, his contribution was quite sig-
nificant.

« 37 » In our article we emphasized two 
issues and a major conclusion:

 � Varela intended to include immunol-
ogy in the cognitive sciences, or, more 
precisely, in his own vision of cognitive 
sciences, enaction, which is a theme 
quite distant from our own interest and, 
following Maturana, directly opposed to 

our assertion that the immune system 
is not a cognitive system. According to 
Maturana all living systems are cogni-
tive entities, but none of their compo-
nent systems or subsystems is (Mat-
urana 2002; Maturana & Poerksen 2004; 
Vaz 2011a).

 � Varela and Stewart’s computer simula-
tions of the immune system indicate 
that high (lymphocyte) connectivity 
favors immune tolerance. This can be 
expanded to explain the nature of the 
phenomenon known (misnamed) as 
oral tolerance and also to allow alterna-
tive proposals about the nature of anti-
infectious vaccination.
« 38 » unfortunately, the ideas of Va-

rela, Coutinho and Stewart did not trigger a 
change in paradigms in immunology, as has 
been occasionally suggested in the literature. 
The root of these ideas can be traced back 

to Jerne’s idiotypic “network” (Jerne 1974a) 
and most of them were forgotten together 
with network ideas (Eichmann 2008). In 
short, this putative (and necessary) change 
in paradigms is as yet to be achieved.

received: 5 June 2017 
Accepted: 15 August 2017
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function vs. structure: 
The Immune system 
as a Case in Point
Jorge Mpodozis Marín
Universidad de Chile, Chile 
epistemo/at/uchile.cl

> upshot • Functional approaches to sys-
tems, while of heuristic value in many 
cases, may lead to a neglect of some 
fundamental aspects of systemic phe-
nomenology. The adoption of an alter-
native structural/mechanistic approach 
can be very enlightening to unveil, and 
effective to solve, the conceptual and 
heuristic limitations resulting from the 
adoption of the functional approach. The 
epistemic history of immunology, as de-
scribed in the target article, offers com-
pelling evidences of this situation.

« 39 » The conversations between Fran-
cisco Varela and Nelson Vaz, as described 
in the target article, compose a complex 
tapestry in which many different concep-
tual threads become lucidly interwoven. It 
is therefore impossible, not to say unnec-
essary, to highlight each of the knots com-
posing this tapestry in a short commentary. 
Instead, I would like to address only the 
implicit concepts that form the framework 
upon which this fabric is based. And by do-
ing so I will also try to clarify a more-or-less 
implicit question that is present throughout 
the dialogues between Varela and Vaz, i.e., 
is it worth treating the immune system as a 
cognitive system?

systems
« 40 » Let me start with the question: 

what is that we call a system? The consensual 
definition of a system (Maturana, Mpodozis 
& Letelier 1995), i.e., a definite set of ele-
ments interconnected in such a way that the 
degree of freedom of each of these elements 
becomes limited by the interconnections it 
sustains with other elements, seems to pro-
vide a sufficiently general answer. However, 
once one agrees to treat a given entity as a 
system, such a general notion raises an im-
mediate operational problem: defining the 
elements and the interconnections. The 
decomposition of a system implied by the 
aforementioned consensual notion cannot 
be deduced from such notion, and requires 
further specification of the criteria used to 
define the entity as a system of a certain 
class. As an example, the answer to the 
question “Is a living organism composed of 
cells, molecules or atoms?” requires a prior 
implicit or explicit definition of what, as a 
system, a living organism is.

« 41 » Starting from Aristotle on, the 
overwhelmingly dominant mode of ad-
dressing systemic phenomena is one of the 
functional type, according to which systems 
are defined by the intended functions and 
purposes they fulfill, or the goals they pur-
sue. From this perspective, partitions of a 
system will necessarily bring forth compo-
nents and interactions defined by their role 
in the achievement of systemic functions. 
This perspective, while of heuristic value in 
many cases, may (and in many cases will) 
lead to a neglect of all aspects of the systemic 
phenomenology that do not match the pur-
ported functional roles.

« 42 » If, for example, the immune sys-
tem is defined as a defensive agent of the 
organism against aggressions from external 
pathogens, then the focus of the immu-
nological research will be on the interac-
tions of lymphocytes and “antibodies” with 
pathogens, and on the dynamic of produc-
tion of lymphocytes and antibodies during 
infectious processes. The sole fact that im-
munoglobulins, which are a specific type of 
peptide molecules produced by lymphocytic 
cells, become designated as “antibodies” in-
dicates that these molecules are defined pri-
marily by their “defensive role” rather than 
by their constitutive properties, such as their 
chemical structure. At the same time, fo-
cusing research on the defensive role of the 
immune system leads to a neglect of certain 
“uncomfortable” aspects of immunological 
phenomena. One of the most salient ne-
glected phenomenon is “natural immunity,” 
that is, the fact that even when kept from 
birth in an “antigen-free” environment (i.e., 
not exposed to macromolecules of any kind, 
including dietary molecules), each animal 
produces antibodies (i.e., IgM immunoglob-
ulins) that are able to generate a unique and 
distinct pattern (profile) of reactivity with 
a complex mixture of ligands that remains 
stable during its whole life span (Haury et al. 
1997). Equally salient is the scarce attention 
given to the phenomenon of “oral tolerance,” 
that is, to the fact that highly immunogenic 
materials when contacting the organism ini-
tially by a mucosal (oral) route, e.g., when 
ingested as food, trigger the operational 
opposite of immunological memory, i.e., a 
robust stabilization at levels of responsive-
ness that are inversely proportional to the 
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amount of the ingested antigens (Verdolin 
et al. 2001). This latter neglect is of a most 
distressing kind, since, as Vaz has repeat-
edly claimed over the years, oral tolerance 
phenomenology encompasses an enormous 
therapeutic potential that at present remains 
virtually unexplored (Vaz et al. 1997; Car-
valho et al. 2002; Costa et al. 2011).

« 43 » One can say that phenomena 
such as natural immunity and oral tolerance 
are neglected by mainstream immunology 
because they call into question the heuristic 
and epistemological value of the “defensive” 
approach. I would like to add that this situ-
ation constitutes a sharp, perhaps dramatic 
(because it is more important than mere 
scholarly discussions) example of the limita-
tions of the functional approach to systemic 
phenomena.

« 44 » An alternative, but the least popu-
lar, mode of addressing systemic phenomena 
is one of the structural/mechanistic type, ac-
cording to which systems are defined as units 
whose properties result from the determin-
istic operation of the mechanism entailed in 
the structure (i.e., components and opera-
tional relations between them) that generates 
them. Consequently, properties of a system 
are not contained in, nor can they be reduced 
to, the properties of its components, since 
the system as a unit and the mechanism that 
gives rise to it exist in different operational 
spaces. For example, from a thermodynamic 
perspective, the properties of a molecular gas 
(such as pressure, temperature, and volume) 
are radically different from the properties of 
its molecular components (kinetic energy). 
Therefore, from a structural perspective, the 
purported functions that a system performs, 
or the goals it pursues, do not belong to the 
domain of the structural conformation of 
the system. Thus, the ascription of functions 
to a system gives no indication of its struc-
tural/operational constitution, and in many 
cases not even a hint about it. For example, 
consider the acute contrast between the 
functional dictum “the nervous system is a 
device for grasping and processing relevant 
environmental information” and the struc-
tural dictum “the nervous system is an ar-
chitectonically complex network of synaptic 
interactions between neurons.” The former 
does not contain indications about how the 
nervous system is constituted while the lat-
ter does.

« 45 » Moreover, the ascription of func-
tions may not only lead to a neglect of rel-
evant structural aspects of the systemic con-
stitution (as we discussed above for the case 
of the immune system), but may also prove 
to be heuristically misleading, as it leads to 
looking into the structural domain search-
ing for properties that belong to the sys-
temic domain (i.e., to looking for pressure 
in the molecules or thinking in the brain) 
(Maturana 1985).

« 46 » In the target article, Andrade and 
Vaz offer several examples of how the aban-
donment of functional stances in favor of 
structural stances leads to an enriched un-
derstanding of the immunological phenom-
enology. But, on this basis, what can be said 
about the conceptual and heuristic value of 
the “cognitive” stances toward the immune 
system?

Cognition
« 47 » Let us move to a scenario in which 

there is a structurally dynamic system that 
exists in and through continuous interac-
tions with a supporting environment, in 
other words, an acting system. In the case of 
such a system, what is it that is usually called 
cognition? Is it a phenomenon (i.e., some-
thing a system does), or it is a purported 
explanation of a certain phenomenon? Or is 
it both?

« 48 » As a phenomenon, what is usu-
ally called cognition ultimately refers to the 
fact that the acts (i.e., the changes of the 
interactional state) of a system in relation 
to its environment are adequate for main-
taining the identity of the system until the 
system disintegrates. In that sense, it can be 
said that a living system knows how to live 
while remaining alive, or a breathing organ-
ism knows breathing, until it stops breath-
ing and therefore loses that knowledge. 
Consequently, any acting system, as long as 
it exists, exists as a cognitive system. Thus, 
emphasizing the cognitive character of a 
given acting system adds nothing to the un-
derstanding of the operational constitution 
of such a system.

« 49 » As an explanation, cognition 
usually refers to the notion that the “cog-
nitive” acts (in the sense stated above) of a 
given system arise as a result of particular 
processes by means of which the system 
grasps and forms an internal representation 

of some meaningful environmental features. 
It is easy to note that this notion is akin to, 
and consistent with, the functional approach 
to systems, as it views cognitive acts as re-
sulting from the action of a process whose 
function is to produce them. But, from the 
structural/mechanistic perspective this ex-
planation has no operational sense, since
a as long as knowing is understood as a 

systemic act, it cannot be reduced to, 
contained in or represented by any ele-
ment or process taking place in the do-
main of the structural conformation of 
the system, and

b the structural changes that a system un-
dergoes in the course of its interaction 
with the environment can only be trig-
gered but not specified by the environ-
mental agents with whom the system 
interacts.

(See Maturana et al. 1995 as a general refer-
ence for both points.)

« 50 » Also, from this perspective, to 
suppose that a given system acts as it acts be-
cause it knows (i.e., produces or contains an 
internal representation of) its environment 
adds nothing to the understanding of the 
operational constitution of such a system. 
Therefore, the claim that the immune sys-
tem is a “cognitive system” does not seem to 
have any relevant conceptual or experimen-
tal value, unless one is able to clarify in oper-
ational terms (which acts, which processes, 
which components) the meaning that such 
a claim may have.

Conclusion
« 51 » From what was said above, it fol-

lows that the adoption of a structural/
mechanistic approach can be very enlight-
ening, both conceptually and practically, 
when confronting the epistemic limitations 
resulting from the functional approach. Va-
rela was one of the main proponents of the 
structural/mechanistic approach to systemic 
phenomena, a conceptual perspective that 
implicitly or explicitly inspired most of his 
work. I claim, from all of the above and from 
my personal knowledge of the history and 
circumstances, that the encounters between 
Vaz and Varela (in which the Chilean mili-
tary coup of 1973 had some responsibility, 
as, after the coup, leaving Chile was for Va-
rela a wise decision regarding his personal 
safety) had a most decisive part in requiring 
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immunology to take the necessary switch 
from the functional to structural paradigm, 
and in projecting the scope of this change to 
deep experimental and conceptual aspects 
of the immunology.
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diseases: loss of 
Inner Harmonies?
Humberto R. Maturana
Escuela Matriztica de Santiago, Chile 
hmr/at/matriztica.org

> upshot • An organism is a harmonious 
closed network of molecular and cellular 
interactions that produce molecular and 
cellular transformations and replace-
ments in the continuous realization of 
its molecular autopoiesis. The processes 
that we call immunity are dynamics of 
recovery of that harmony when it is lost 
as a result of the appearance or intrusion 
of molecules that do not normally per-
tain to it, which destroy that harmony, 
giving rise to what is lived as a disease.

« 1 » In my writings, I refer to cognition, 
saying that when one says that a person or a 
system knows, what one is saying is that in 
her opinion that person or system is behav-
ing or operating in an adequate manner ac-
cording to the circumstance in which one is 
observing it. When one says that one knows 
that something is the case, and one is asked, 
how do you know? The answer that one gives 
is always a description of the doings that 
have to be performed for that to happen. 

It is in that sense that the metaphor “every 
living system as it lives operates as a cogni-
tive system” is both adequate and mislead-
ing. When I said that in the book The Tree 
of Knowledge (Maturana & Varela 1987), I 
was claiming that knowing is adequate do-
ing according to what the observer thinks is 
adequate doing in the circumstances of her 
observation. But metaphors are generally 
misleading because they mostly obscure the 
actual processes that the person who uses 
them wants to evoke, and in this sense the 
authors of this article are right.

« 2 » I do not consider it adequate to 
talk about any system as a cognitive system 
as a metaphor aiming to evoke how it oper-
ates. Systems do not exist by themselves as 
such. When one talks of a system, one wants 
to refer to a configuration of relations that 
one abstracts in the flow of interactions and 
transformations of a collection of elements 
that one distinguishes in one’s daily living: 
a configuration of relations that we, as ob-
servers, distinguish as spontaneously or ar-
tificially being conserved in some domain 
of our concern. A tornado, for example, is 
not an entity with definite borders, and ex-
tends only as far as the observer chooses 
what must be conserved in its dynamic. The 
same happens with what is called the im-
mune system, which does not exist by itself, 
and appears only when we, as observers, 
distinguish in an organism a configuration 
of dynamic relations that we think must be 
conserved in it, so that what we call immune 
processes appear.

« 3 » An organism exists (regardless of 
whether it is unicellular or multi-cellular) as 
a closed network of cellular and molecular 
processes in which molecules and cells pro-
duce and destroy one another in a harmo-
nious manner that continuously results in 
the organism’s self-production through the 
realization of its molecular autopoiesis. In 
this process, molecules enter and come out 
of the organism while the organism remains 
in its dynamic closure, oblivious to what 
we, as observers, see as its ecological niche 
or environment. In the evolutionary history 
of the different kinds of organism that con-
stitute the biosphere, the different kinds of 
molecules appearing inside them, either be-
ing produced by them or entering into them 
from the medium that contains them, have 
fundamentally five different destinies inde-

pendently of where they come from. They 
may…

 � be incorporated in the normal meta-
bolic processes;

 � be destroyed;
 � disharmonize the normal metabolic 

processes;
 � be expelled; or
 � accumulate in the organism.

« 4 » The manners of dealing with the 
molecules that appear inside the different 
kinds of organisms currently living have 
been transformed and changed along the 
natural drift of their respective lineages ac-
cording to the manners of living that have 
been conserved in them (Maturana 1980; 
Maturana & Mpodozis 2000). Natural drift 
is not a history of adaption to a changing 
medium but a history of conservation of 
the realization of living of the organism in a 
transforming and changing ecological niche 
that does not preexist as such, but arises as 
it slides in the medium in the tangent of the 
realization of its living. Therefore, to under-
stand what we obscure by talking of “im-
mune systems” we have to look at what har-
monious networks of normal processes of 
molecular and cellular productions and in-
teractions are conserved by the destruction 
of the molecules or cells that disrupt them. 
I cannot answer these questions because I 
do not study these processes. Yet I feel that 
when we attend much to what we think is 
the description of the function of a process 
with respect to the operation of the organ-
ism in its niche, we do not fully see how that 
process occurs in relation to the realization 
of its living.

« 5 » In the process of realization of 
the molecular autopoiesis of an organism 
there is no “concern” with the environment 
in which it operates, so there is nothing in 
the inner operation of the organism other 
than harmonious metabolic processes that 
conserve its living, or it dies. Similarly, in 
the inner dynamics of the operation of the 
nervous system of an organism there are 
only changes of configurations of relations 
of neuronal activities that are adequate (or 
not) for the conservation of its living in the 
tangent of the historical present in which 
the organism realizes its living, or becomes 
… or dies. If we confuse our description 
of immune processes with what happens 
in the network of the molecular processes 
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that conserve the harmonic metabolism of 
a healthy organism, we do not understand 
one or the other.

« 6 » In my opinion the constellation of 
the phenomena of immunity, self-immu-
nity, and oral tolerance that we deal with 
in mammals shows that they are aspects of 
the historical transformation and conser-
vation of the harmonious network of pro-
cesses that realize the molecular autopoiesis 
of organisms that are members of lineages 
of changing manners of living in a chang-
ing ecological-niche. In this niche there are 
always different kinds of external molecules 
appearing that penetrate them, some of 
which interfere with their normally harmo-
nious metabolism of self-production. Tak-
ing this perspective, it is thus important to 
understand the interrelated networks of cel-
lular and molecular productions and trans-
formations of the continuous realization of 
the organism in its continuous realization of 
its molecular autopoiesis as a single system, 
rather than viewing these different networks 
as different organic or metabolic systems 
that satisfy different functions. I cannot em-
bark on this project, at the moment, but I 
think that in their target article, Nelson Vaz 
and Luiz Andrade are on the right track to 
do so. Yet, I and my colleague Ximena Dávi-
la are working on the understanding of dy-
namic “ecological organism-niche unity” in 
that every organism integrates in the realiza-
tion of its molecular-autopoiesis (Maturana 
& Dávila 2015).

Humberto Maturana Romesín was interested in 
animals and plants from childhood and wanted to 

be a biologist to investigate life that dies. A long 
period of reflection, reading Friedrich Nietzsche and 

Julian Huxley, occurred during three years of complete 
bed rest. Beginning medicine in 1950, in 1958 he 
received a PhD in biology from Harvard University. 

He is presently working in the “Escuela Matríztica” 
in Santiago, Chile, with his colleague Ximena Dávila 

Yáñez, in the domain of cultural-biology, and together 
they have published the book El Árbol del Vivir (2015).
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self and Non-sense: 
The Radicality of Varela’s 
Contribution to Immunology
John Stewart
Université de Compiègne, France 
js4a271/at/gmail.com

> upshot • The commentator’s motiva-
tion for accompanying Varela in a foray 
into immunology lay in the clear-cut, 
value-laden contrast between tradi-
tional immunology and the new organ-
ism-centred view pioneered by Vaz and 
Coutinho. In the twenty years that have 
elapsed, models have become increas-
ingly complicated so that this clear-cut 
contrast has been obscured. In immunol-
ogy as in cognitive science, the radical-
ity of Varela’s views is disturbing for the 
mainstream community.

« 7 » When Francisco Varela and I 
made our foray into immunology (Stew-
art, Varela & Coutinho 1989), the situation 
seemed clear: there was a stark contrast 
between “traditional” immunology and the 
“organism-centred” view being developed 
by Nelson Vaz, Antonio Coutinho and oth-
er immunologists (Coutinho et al. 1984). 
It is generally agreed that the repertoire of 
immunoglobulins is “complete”; the variety 
of immunoglobulins is such that there is at 
least one (and probably more) immuno-
globulin that will interact with any organic 
macro-molecule of sufficient size. In cog-
nitive terms, this means that the immune 
system “sees everything.” The difference be-
tween the two paradigms lies in the conse-
quences of this. On the traditional view, the 
immune system basically destroys every-
thing that it sees; this is coherent with the 
view that the primary function of the im-
mune system (as the very term “immune” 
implies) is to defend the organism against 
potentially pathogenic invasions from out-
side. On the organism-centred view, the 
consequence of the fact that the repertoire 
is complete is that the “immune” system 
will first and foremost perceive itself. The 
formation of an “idiotypic” network will 
be practically inevitable, and this will be at 
the heart of the constitution of a molecular 
identity and “self.”

« 8 » The contrast between these two 
views is heightened if we address the ques-
tion of the relation between the “immune”1 
system, and the organism that houses the 
system, i.e., the “self ” in a common-sense 
use of the term. On the traditional view, if 
one admits that the immune system destroys 
everything that it sees, the immediate pre-
diction is that the immune system should 
destroy the organism that houses it. Of 
course, this cannot happen, so one is forced 
to a rather uncomfortable ad hoc adjust-
ment: the immune system sees everything 
except the “self.” Philosophically, this is ex-
actly wrong: what a system perceives is, ipso 
facto, the self – and this is indeed at the core 
of the “organism-centred” theories associ-
ated with the concept of autopoïesis.

« 9 » Moving on from these theoreti-
cal and conceptual issues to empirical data, 
what we have said means that the opposition 
between traditional and organism-centred 
views will focus largely on the phenomenon 
of auto-immunity: although the immune 
system never totally destroys the body that 
houses it, there are numerous clinical cases 
in which the immune system does indeed 
cause inflammation and damage to a part 
of the organism. On the traditional view, 
auto-immunity arises because the immune 
system is doing too much, and so clinical 
treatment will consist of immuno-suppres-
sion (largely by drugs). By contrast, on the 
organism-centred view, auto-immunity 
arises because the immune system is not do-
ing enough, and so clinical treatment will 
consist of stimulating the immune system 
(in particular the idiotypic network) in ap-
propriate fashion. Such treatment does not 
necessarily require pharmaceutical drugs; 
the work of Nelson Vaz on oral tolerance, 
which he refers to in his text, illustrates this 
nicely.

« 10 » It was this clear-cut contrast be-
tween the “traditional” view, and the organ-
ism-centred view that challenged it, that was 
my prime motivation when I accompanied 
Varela in our “foray” into immunology (nei-

1 | The inverted commas around “immune,” 
here and elsewhere, indicate that attributing a pri-
mary role of destroying foreign invaders is not an 
absolute necessity; it certainly characterizes the 
traditional view, but is not necessarily taken over 
by alternative views.
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ther of us was a “professional” immunolo-
gist). To bring out the value-laden nature 
of this opposition, I may note that the tra-
ditional view is based on a military meta-
phor: “seek and destroy.” By contrast, the 
organism-centred view has at its core the 
philosophical principle of gnothi seauton, 
“know thyself,” which I find intrinsically 
much more satisfying.

« 11 » Varela’s contribution to immunol-
ogy, recounted here, was made over 20 years 
ago. What has happened since? My own 
perception is that the main development has 
been that models have become increasingly 
complicated, involving multiple interactions 
between B lymphocytes and several classes 
of T lymphocytes. The result has been that 
the clear contrast between two alternative 
views, which as I said is what attracted me to 
work in immunology, has been largely ob-
scured. In my view, this amounts to “missing 
the woods for the trees.”

« 12 » Varela’s concept of enaction, in 
its original radical form, applies to each 
and every one of us, every minute of every 
day of our life. And this means that each 
of us is personally responsible for “bring-
ing forth” our own particular world of lived 
experience. I propose to call this “existential 
enaction,” and it is intensely value-laden 
and subjective. Now this poses a problem 
to normal scientists, because science is sup-
posed to be “objective” and the usual route 
to objectivity is to eliminate everything sub-
jective. This can indeed be done; it gives rise 
to what I propose to call “4E enactivism,” 
where cognition is seen as embodied, em-
bedded, extended and only incidentally as 
“enacted” (without saying what that means). 
4E enactivism is currently popular, which is 
understandable because it enables scientists 
to return to the comfort zone of excluding 
their own subjectivity, but I consider that 
this amounts to fatally watering down ex-
istential enaction, and thus “missing the 
woods for the trees.”

« 13 »  I would like to conclude by re-
marking that there seems to be a pattern 
here. We now have two examples where 
Varela’s conceptions, disturbingly radical, 
have been watered down so as to return to 
normal science. Might it be that the heart of 
Varela’s contribution to science has been to 
systematically challenge us, to interrogate 
our subjectivity as scientists?

John stewart, born in 1941, was educated at 
Cambridge, England. After an initial degree in Physics, 

and a PhD in genetics, he has subsequently lived 
in France, worked at the CNRS in a variety of fields: 
notably the sociology of science and, more recently, 
cognitive science and the paradigm of enaction. He 
is currently writing a book aimed at re-establishing 

living organisms as such as the central object of 
biology, rather than the gene-centred focus on DNA 

that is dominant in contemporary molecular biology.
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francisco Varela and Immune 
system Modeling, Closure, 
Cognition and Enaction
Irun R. Cohen
The Weizmann Inst. of Science, Israel 
irun.cohen/at/weizmann.ac.il

> upshot • Vaz and Andrade recount 
how Varela collaborated with a group 
of immunologists to advance a noncon-
formist view of the immune system. 
Here, I outline my interpretation of four 
concepts related to the philosophy of the 
immune system that Vaz and Andrade 
associate with the ideas of Varela: mod-
eling, cognition, closure and enaction.

The Jerne-Vaz-Varela insurgency
« 1 » In §11 of their target article, Nel-

son Monteiro Vaz and Luiz Antonio Botelho 
Andrade contrast the mainstream antigen-
centered clonal selection theory (CST) mod-
el of Macfarlane Burnet (Figure 1A) with the 
organism-centered, idiotypic network mod-
el of the immune system developed by Niels 
Jerne (Figure 1B). Basically, the CST of Bur-
net sees the immune system as a collection 
of independent antibodies and immune cells 
– lymphocytes – each bearing a unique re-
ceptor for an antigen. The definitions of an-
tigens, antibodies and lymphocytes are cir-
cular but useful: an antigen is any molecular 
shape that can be bound by the combining 
site of an antigen receptor or by an antibody; 
an antigen receptor or an antibody is a mo-
lecular structure that can bind to an antigen 
in a way that triggers an immune reaction 

– the lymphocyte or antibody that “recog-
nizes” the antigen is activated to neutralize 
or destroy the antigen or the cell, bacterium 
or virus that bears the antigen.

« 2 » The classical CST model postu-
lates an important limitation to the world of 
antigens: Only antigens foreign to the body 
are normally recognized by lymphocytes or 
antibodies; the healthy immune system is 
blind to the body itself (Cohen 1994) be-
cause any antigen receptors that might be 
able to recognize the body’s own molecules 
(self-antigens) are purged from the immune 
system early in development. The normal, 
healthy immune system cannot recognize 
self-antigens and so immune reactions can-
not be directed to the self. In other words, 
the CST model represents the immune sys-
tem as the arbitrator between the foreign 
and the self – the foreign is rejected and the 
self is tolerated blindly. The goal of clonal se-
lection is defense – the immune system has 
evolved to seek out and destroy all foreign 
molecules or cells that might threaten the 
integrity or health of the body.

« 3 » Jerne proposes a different view 
(§11, Figure  1B): the lymphocytes and an-
tibodies of the immune system are not in-
dependent agents waiting to activated by a 
specific foreign antigen, but rather are inter-
dependent entities that are in constant inter-
action with one another; the structure of an 
antigen receptor acts like an antigen for some 
other antigen receptor – the immune system, 
in short, is a network of immune agents in 
continuous interaction with the antibodies 
and antigen receptors of the other agents in 
the system. This network is in balanced equi-
librium – it is in a state of tolerance – until it 
is perturbed by an antigen that enters the sys-
tem and interferes with the connectivity of 
the network; the perturbation occurs when 
the intruding antigen happens to bear a mo-
lecular structure that mimics the structure of 
an antigen receptor or an antibody connect-
ed within the network; the intruding antigen 
interferes with receptor-receptor intercon-
nections. This antigen interference upsets 
network equilibrium, ultimately resulting in 
an immune reaction. Francisco Varela was 
attracted to Jerne’s immune system network 
of internal connectivity and collaborated 
with members of the Paris group organized 
around Antonio Coutinho, as described by 
Vaz and Endrade in §14 and §18.
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« 4 » Jerne’s internally connected im-
mune network model was attractive to the 
Paris group because it appeared to solve 
three problems unresolved by Burnet’s 
CST of independent clones: regulation of 
autoimmunity to self molecules; immune 
tolerance; and immune pathology. Contra-
dicting Burnet’s assertion, healthy immune 
systems were experimentally demonstrated 
to be replete with receptors and antibodies 
that could bind to self-antigens (§26, Cohen 
2000b). Immune self-recognition is a fact, 
but self-recognition does not usually lead 
to autoimmune disease; autoimmune dis-
ease is prevented by internal network con-
nections. Moreover, even foreign antigens 
– present in the food we ingest (§22) and 
the air we breathe – can be tolerated (not 
attacked) by internal network connections. 
Finally, pathogenic autoimmunity and 
damaging inflammation could be attributed 
to clones of lymphocytes that have under-
gone abnormal proliferation (§36) and so 
have broken loose from regulatory network 
connectivity.

« 5 » The target article by Vaz and An-
drade concludes with two points summariz-
ing Varela’s position (§38):
a Varela sees the immune system as a cog-

nitive system, and
b the network connectivity of immune 

cells is responsible for immune toler-
ance.

Vaz and Andrade disagree with the first 
point – in their view, the immune system is 
not cognitive. However, they do agree with 
the second point – that universal immune-
cell connectivity favors tolerance. In several 
sections (§9 and §12), Vaz and Andrade 
discuss Varela’s interest in closure – the idea 
that the immune system is a closed entity 
that emerges from the interconnected net-
works of lymphocytes and antibodies pro-
posed by Jerne.

The immune system-body networks
« 6 » Before we discuss the concepts of 

immune cognition, tolerance, closure and 
enaction, I would like to present an updated 
picture of immune networks (Figure 1): We 
now know that immune cells and molecules 
are not only connected amongst themselves 
in an immune network; elements of the im-
mune network exist in continuous interac-
tion with the body. In other words, dynamic 
changes in the state of the body – local or 
widespread – are sensed by the immune 
system, locally or generally. If we define 
computation1 (in the sense of Turing) as the 

1 | Note that I use the terms computation and 
compute strictly as I have defined them here – the 
transformation of input information into output 
information; computation in this restricted sense 
should not be confused with any computational 
theory of mind.

translation according to rules of input into 
output, then we can say that the immune 
system computes the state of the body (Co-
hen 2007).

« 7 » Computation poses questions: 
what is the input from the body to the im-
mune system to be computed; what is the 
computational output of the immune sys-
tem; where does the immune output go and 
who reads it?

Body-immune input
« 8 » The immune system receives in-

put from the body in the form of biomarker 
molecules (Cohen 2013). The particular 
biomarkers and their concentrations and 
dynamics express the states of body tissues, 
which the immune system perceives by way 
of its various receptors – adaptive receptors 
for antigens along with innate receptors 
for cytokines, chemokines, adhesion mol-
ecules and many other molecular signals 
(Figure  1). The body states sensed by the 
immune system include healthy cell growth 
and development, aging, metabolic activity, 
energy transactions, traumas, infections, 
malfunctions, genetic aberrations and can-
cer – all sorted anatomically by local lymph 
drainage into regional lymph nodes and 
other types of lymphoid organs. The types 
and amounts of information that flow from 
the body to the immune system are sensed 
by the receptors of immune cells and mol-
ecules and integrated dynamically by net-
work interactions between the immune 
cells and their molecular products.

Immune system processing
« 9 » Figure  1 depicts the immune 

system composed of mutually interacting 
adaptive and innate networks. Adaptive 
immunity refers to lymphocytes, which 
undergo somatic differentiation to express 
receptors for antigens, and so adaptive 
lymphocytes recognize antigens and some 
lymphocytes secrete their antigen receptors 
as antibodies; innate immune cells do not 
bear antigen receptors and do not recognize 
antigens, but they are critical to immune 
inflammatory processes (Cohen 2000b). All 
the cells of the immune system, adaptive 
and innate, receive biomarker input signals 
from the body. These body signals are mod-
ified, amplified and abated respectively by 
various immune cells according to the ex-

The Body Immune System

Input Output

Receptors
Body State
Biomarkers

Inflammation:
State, Site, etc.

Adaptive

Innate

Figure 1 • An updated picture of immune-body networks – the immune system computes the 
state of the body and learns from the experience. The input to the immune system is com-
posed of biomarker molecules reflecting the state of the body; adaptive and innate immune 
receptors receive the input and activate networks of immune cells and molecules to process 
the input information; the output is appropriate inflammation that feeds back to modify the 
state of the body and the structure of the immune system.
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isting state of the cell, the immune system as 
a whole and its past history – the immune 
system learns from its lived experience.

« 10 » Adaptive lymphocytes and innate 
immune cells are connected functionally by 
interaction molecules such as cytokines, 
chemokines and others. My colleagues and 
I studied the network architectures of im-
mune and body cells interconnected only 
by cytokines, which we culled from the lit-
erature in 2006 (Frankenstein, Alon & Co-
hen 2006); these networks were formed by 
29 different cytokines connecting 16 types 
of immune system cells, both innate and 
adaptive, and 15 types of body cells. If we 
were to repeat the study today, we would 
arrive at considerably greater network com-
plexity. Thus, the immune system is actually 
an extended network of many types of cells, 
antibodies and other molecules.

« 11 » The biomarker input from the 
body is transformed by the responding im-
mune cells and molecules into internal im-
mune signals, which are transmitted and 
modified by the interconnections of the 
immune cells – similar to the way sensory 
input into the brain is transcribed into brain 
network signals. Computations of body 
state by the immune and nervous systems 
are tuned to different aspects of living, but 
both systems process their input informa-
tion by transforming it into network inter-
actions internal to the system. Internal pro-
cessing leads to effector outputs.

Immune-body output
« 12 » The outputs of immune informa-

tion processing generate various types of 
immune reactions, which include the ac-
tivations, proliferations and migrations of 
immune cells to various body sites, particu-
larly to abnormal tissues. These immune 
reactions are reflected in what is termed 
inflammation. The effects of inflammation 
depend on the tissue context and the type 
of inflammatory reaction: on the one hand, 
inflammation can heal wounds and broken 
bones, produce scar tissue, activate blood 
vessel formation and tissue regeneration, 
modify metabolism, and even advance the 
implantation of the developing embryo into 
the wall of the mother’s uterus (Dekel et al. 
2014); on the other hand, inflammation can 
destroy infected, aged or cancerous body 
cells, and neutralize pathogens. Immune 

inflammation is even essential to maintain 
our healthy microbiota (Swiatczak & Cohen 
2015).

« 13 » Inflammation is a dynamic pro-
cess that must continuously adjust itself to 
the changing biomarker signals that mark 
the healing response; immune computation 
is a dynamically varying process. unfortu-
nately, however, inflammation also has the 
power to harm; the same processes that heal 
can cause disease if they are poorly regu-
lated, excessive, misdirected to the wrong 
site, unnecessary, or chronically persistent 
or intermittently repetitive. Biologic com-
putation, immune and nervous, is a delicate 
matter.

Immune-body and immune-immune 
feedback
« 14 » The inflammatory responses gen-

erated by the immune system dynamically 
mediate two feedback effects:

 � they modify the states of the body, as we 
have discussed above, and

 � they modify the organizational struc-
ture of the immune system itself.

In other words, both the body and the im-
mune system react to each other to change 
both the targeted body tissues and the im-
mune system itself; Figure  1 shows two 
feedback arrows. The immune system, like 
the brain, exploits experience to develop 
competencies far beyond its inherited ge-
netic endowment. In essence, the immune 
system computes the state of body tissues 
and translates tissue needs into inflamma-
tory responses appropriate for maintenance, 
healing and defense.

« 15 » Now we can return to Francisco 
Varela and to the points raised by Vaz and 
Andrade.

Immune system closure
« 16 » In §9, Vaz and Andrade report 

Varela’s concern that Jerne’s idiotypic net-
work is not a formally closed system in the 
sense of being a self-sufficient entity. Com-
paring Figure  1 in Vaz and Andrade with 
my Figure 1 here, it is clear that closure does 
not apply to the immune system as I have 
described it. Closure, nevertheless, is a clari-
fying concept: the lack of closure underlines 
the fact that the immune system does not 
exist as a system outside of its ongoing in-
teraction with the body; the immune system 

has no self-sufficient entityness, its existence 
is contingent. I would hazard to say that 
no biologic system exhibits closure; living 
systems exist in interaction with their envi-
ronments. There is no brain in a vat and no 
immune system in a vat. Life is a web of in-
teracting, interdependent sub-systems.

Immune cognition
« 17 » Whether the immune system is 

cognitive or not depends on how you de-
fine cognition – In Tending Adam’s Garden: 
Evolving the Cognitive Immune Self (Cohen 
2000b), I defined a cognitive system as one 
that learns from experience, one that com-
putes its input to “select” among a range 
of optional output responses, and one that 
deploys biomarkers (organized internal im-
ages) to carry out its activities. The fact that 
the immune system makes mistakes and can 
repair them (autoimmune diseases, for in-
stance), is evidence for cognition.

« 18 » Indeed, the immune system is an 
ideal subject for cognitive enquiry – the im-
mune system is a model cognitive system, 
which, unlike the brain, is not cluttered 
by conscious awareness or intensions. The 
immune system might conveniently dem-
onstrate how collectives of interacting ele-
ments make cognitive, computational deci-
sions. The brain, too, works without its own 
brain.

Immune enaction
« 19 » Varela and colleagues introduced 

the term enaction to represent the idea that 
a cognitive system builds itself through a 
mutual interaction with its environment – 
the cognitive system enacts a world (Varela, 
Thompson & rosch 1991). The cognitive 
system does not passively receive informa-
tion from its environment and then translate 
the information into pre-formed internal 
representations; on the contrary, the cogni-
tive system builds itself as a consequence of 
the actions it performs as it interacts with its 
world. Varela’s enaction is an accurate de-
scription of the way I see the immune sys-
tem (see Figure 1).

Immune tolerance
« 20 » Let me close with a comment 

about a term mentioned many times in the 
article by Vaz and Andrade – tolerance. Im-
mune tolerance is used by immunologists 
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generally to indicate “stabilization of im-
mune activity,” whether the stabilization is 
to dietary or microbiota antigens (§29) or 
to any antigen including self and foreign 
antigens; tolerized antigens do not evoke 
an immune effector reaction that activates 
damaging inflammation. The problem with 
tolerance, as I see it, is that the term implies 
a reference to its opposite – intolerance. The 
implication is that the immune system has 
two polar types of behavior: it either toler-
ates an antigenic entity peacefully, or it at-
tacks and rejects the entity intolerantly; the 
immune system is normally tolerant to the 
self and normally intolerant to the foreign. 
This binary division of the immune world is 
a misleading carryover from the classic CST 
paradigm – the natural response of the CST 
immune system is to defend the body by at-
tack, unless there is some reason for the sys-
tem to tolerate the situation.

« 21 » Tolerance, however, is an anthro-
pomorphic conceit; immune receptors re-
spond only to their ligands, they are neither 
tolerant nor intolerant – so too an immune 
receptor does not distinguish between self 
and not-self, or between danger and not 
danger (Cohen 2000a, 2000b). Tolerance, 
intolerance, self, foreign, danger and safety 
are all ideas of human minds that have been 
forced onto the immune system. Figure  1 
shows us that the immune system merely in-
tegrates signals it receives from the body and 
responds with appropriate types and degrees 
of inflammation – it computes. Sometimes 
the output is rest or repair and sometimes 
the output is reject and destroy – with all 
intermediate grades of dynamic intensities 
in-between. The healthy microbiota in the 
gut do not harm the body and no clinical re-
sponse is sensed; the same microbes enter-
ing the blood can induce immediate death 
by triggering an intense, system-wide toxic 
shock reaction; here the bacteria have killed 
their host by the host’s over-exuberant im-
mune reaction. The immune system, in the 
spirit of Varela, has no preconceived notions 
– it merely enacts a world.

Irun R. Cohen, MD, was trained as a physician 
at Northwestern University Medical School and 

did a residency in pediatrics at the Johns Hopkins 
Hospital. He has been the Mauerberger Professor of 
Immunology; Director, European Collaboration on T 

Cell Vaccination; Director, Robert Koch-Minerva Center 

for Research in Autoimmune Diseases; Director of 
the National Institute of Biotechnology in the Negev; 
among others. Cohen was awarded the Robert Koch 
Prize, the Teva Founders Prize, the AESKU Prize and 

an UFIS Prize, among others, and is the recipient of a 
Doktor der Medizin, honoris causa from the University 
of Hamburg. He is a highly cited researcher with over 
550 publications, including the book Tending Adam’s 
Garden: Evolving the Cognitive Immune Self (2000).
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Authors’ Response
Not objective, Not 
subjective – something Else: 
Coordination of Actions
Nelson Vaz & Luiz Andrade

> upshot • Mpodozis and Maturana en-
dorsed our way of seeing and enrich the 
debate, offering their own arguments. 
Stewart and Cohen criticize some points 
of our article. Stewart thinks that we are 
“watering down” Varela’s enactivism and 
approaching objectivism; we show why 
this is not what we believe. Cohen offers 
a long (generous) description of his own 
functional idea of immunological activi-
ty and we show why our positions are in-
commensurable; agreeing with Mpodoz-
is’s comment, we claim that nothing is 
gained by ascribing cognitive properties 
to immunological activity.

Endorsing views
« 1 » We agree and fully endorse Jorge 

Mpodozis’s commentary on the importance 
of prioritizing a structural approach over 
the functional approach, since the latter is 
loaded with a veiled form of animism, in re-
ducing the emergent properties of the sys-
tem (recognition, memory, tolerance, etc.) 
to its constituent cells (lymphocytes) and 
molecules (immunoglobulins). This change 
in ways of seeing is of paramount impor-
tance for immunology and medical think-
ing, which is still strongly tied to the func-
tional approach and to a set of defensive 
metaphors (Vaz & Carvalho 1993) that give 

life to this approach. Beyond this, Mpodozis’s 
comments are most valuable to corroborate 
our way of seeing. He questions the value 
of ascribing “cognition” to immunological 
activity, arguing that neither as a phenom-
enon nor as a mechanism is this notion use-
ful to our understanding of immunological 
phenomena and mechanisms. In short, he 
asks whether it is “worth treating the im-
mune system as a cognitive system.” He 
answers negatively, as we have done in the 
target article and in other publications. In 
defining “systems,” he makes clear that the 
traditional way of seeing lymphocytes in-
dependently undergoing clonal expansions 
fails to characterize an immune system as 
usually understood. We also agree with 
Mpodozis’s statement that “the ascription 
of functions may […] lead to a neglect of 
relevant structural aspects of the systemic 
constitution” (§7), as well as with his call 
for a “necessary switch” of paradigm in im-
munology.

« 2 » In his recent publications, Hum-
berto Maturana has introduced the notion of 
“harmony” to describe the physiologic op-
eration of living beings. This may become 
confusing to those not familiar with his ide-
as because, for him, living beings are either 
alive or dead, with no intermediate state. In 
his preface for the book Guia Incompleto de 
Imunobiologia, one of us, Vaz, wrote with 
Ana Maria de Faria (Vaz & Faria 1993) that 
Maturana claims that “Health is a cultural 
phenomenon, a phenomenon typical of 
a vision of what is desirable in life. Living 
beings live and in their living have neither 
health nor disease”; and (b) that our book 
“[…] enlarges the view of the organism as 
a systemic totality: the inner space becomes 
a closed molecular and cellular relational 
dynamics, which defines the unity of the or-
ganism instead of being defined by it” (Mat-
urana 1993: 5f, our translation). Thus, we 
assume that Maturana fully understood and 
agreed with our proposal of “oral tolerance” 
as a conservative process involved in the 
creation and maintenance of the vertebrate 
organism, i.e., as an aspect of its autopoiesis 
and of the conservation of the adaptation of 
the immunologic system to the organism. 
He also understood that our approach to 
immunology helps to define the organism, 
instead of defining immunity as something 
functional (defensive).
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Authors’ Response  Nelson Vaz & luiz Andrade

Biology of Cognition

               http://constructivist.info/13/1/601.vaz

Critical views
« 3 » The title chosen by John stewart for 

his commentary, “Self and Non-Sense,” is an 
expression that illustrates quite well what 
we had in mind in Denver, in 1978 (Vaz 
& Varela 1978). Created by Luiz Carlos S. 
Maia, a dear friend and close collaborator of 
mine in the investigation of oral tolerance, 
the expression acquires special relevance 
because the present article does not intend 
to minimize Francisco Varela’s contribution, 
but points to his neglect of oral tolerance, 
which, in our way of seeing, is of paramount 
importance in revealing the nature of im-
munological activity.

« 4 » stewart (§6) claims that we are of-
fering a second example of “watering down” 
Varela’s enactivism, and we disagree with 
his interpretation. Vaz (2011b) makes it 
quite explicit that we are not moving in the 
direction of “fatally watering down existen-
tial enaction,” but rather we are express-
ing our preference for concepts proposed 
by Maturana’s biology of cognition, where 
the presence of the human observer and 
his operation in “languaging” is of criti-
cal importance. In 1968, Maturana became 
aware it was perfectly possible to correlate 
the electrical activity of the retina with the 
name given to the experienced color (Mat-
urana, uribe & Frenk 1968). The color we 
call “green,” regardless of its spectral compo-
sition, which can vary widely, was associated 
with defined patterns of retinal activity. This 
bold step involved the (“languaging”) activ-
ity of the observer (still called a “beholder” 
in 1968) in creating the experimental phe-
nomenon, a step taken one year before the 
development of the notion of autopoiesis. 
This was important in the subsequent de-
velopment of his theory on the nature of 
human cognition and living activities in 
general (Maturana 1970a, 1970b). We see a 
parallel between ascribing names to colors 
and ascribing names to immunoglobulins 
used as specific antibodies, as noted by Da-
vid Talmage (1957) and Niels Jerne (1974a, 
1974b). Vaz (2011b: 335) argued against the 
“fallacy of univocality” – the claim of ap-
parent unlimited, unambiguous, detailed 
molecular precision –, because this fallacy 
hides the role the immunologist plays as 
a human observer who interferes in what 
happens. In this sense, there is a crucial dif-
ference between seeing this as “existential 

enaction” and “subjective,” and what Mat-
urana calls “intersubjectivity” generated by 
human observers operating in “languaging” 
(Maturana 2002). Therefore, emphasizing 
the importance of including the observer 
in her own act of observing and conceiving 
the object does not mean a return to clas-
sical objectivism, but a further step towards 
understanding certain phenomena and, 
perhaps, also towards our praxis as reflec-
tive scientists, as pointed out by Varela, Evan 
Thompson and Eleanor rosch (1991).

« 5 » Despite our sincere admiration 
for the broad path pioneered by Irun Cohen 
and his colleagues, who have investigated 
the complexity of immunological activity 
in more than five hundred articles, we have 
two conceptual divergences that are worth 
emphasizing for a better understanding of 
what we say in our article in relation to Va-
rela’s legacy to immunology. Although the 
model presented by Cohen in his Figure  1 
has some congruency with a conception 
found in the set of ideas of Maturana and 
Varela (1980), when these authors empha-
size that both the nervous system and the 
immune system are structurally coupled to 
the body of which they are parts, Maturana 
and Varela question the concept of informa-
tion and the notions derived from it, such as 
input and output. regarding the structural 
coupling of the nervous system to the organ-
ism, they state that:

“ The nervous system is a network of interacting 
neurons coupled in three ways to the organism of 
which it is the component: (i) The organism, in-
cluding the nervous system, provides the physical 
and biochemical environment for the autopoiesis 
of the neurons as well as for all other cells, and, 
hence, is a possible source of physical and bio-
chemical perturbations which may alter the prop-
erties of the neurons and thus lead to (ii) or (iii); 
(ii) There are states of the organism (physical and 
biochemical) which change the state of activity of 
the nervous system as a whole by acting upon the 
receptor surfaces of some of its component neu-
rons, and thus lead to (iii); (iii) There are states 
of the nervous system which change the state of 
the organism (physical or biochemical) and lead 
recursively to (i) or (ii).” (Maturana & Varela 
1980: 125)

« 6 » It is noted that we can replace neu-
rons by lymphocytes to understand the cou-

pling of the immune system to the organism 
of which it, as well as the nervous system, 
is a component. Thus, for the observer, they 
can be considered as subsystems of a larger 
system, the organism as a whole. Maturana 
calls the phylogenetic and ontogenetic his-
tory of this process of coupling the different 
subsystems to the organism: “harmony.”

« 7 » From his theoretical approach to 
more general biological issues, expressed 
in his books (notably Tending Adam’s Gar-
den, Cohen 2000b) and books and articles 
in collaboration with the philosopher Henri 
Atlan (e.g., Atlan & Cohen 1989), the gen-
eral outlook stressed is based on the notion 
of information. The questioning of the use of 
information in biology has already been the 
subject of a debate between Maturana and 
Anthony Fedanzo (Maturana 1983). Not 
to dwell on this discussion about informa-
tion, we will make a few comments about it 
before addressing Cohen’s main criticism of 
our article, i.e., that we disagree with Varela’s 
claim about considering the immune system 
a cognitive system.

« 8 » The term information has two 
specific and distinct meanings, one quanti-
tative, technological – measurable quantity 
of bits (binary digit) – coming from classical 
information theory, developed by Claude 
Shannon and Warren Weaver in 1949; and 
another more qualitative, used more broad-
ly, including, but not limited to: models, fig-
ures, shapes, configurations, ideas, indexes, 
images, icons, signs, symbols, signifiers, 
gestures, positions, contents, intonations, 
rhythms, words, actions, and silences. This 
extended sense is given the technical name 
of “variety” (Wilden 2001). Thus, while 
information represents a type of coded/
decoded variety, noise is a non-coded va-
riety that disrupts information and there-
fore should be avoided. As a result of this 
subdivision, certain types of variety will be 
valued as information, other types remain 
neutral (data) and others will be rejected as 
noise. Taking this exposition a little further, 
we will see that appreciation (interpreta-
tion, acceptance and use) depends on the 
context. Without a context, everything is 
homogenized and a distinction can no lon-
ger be made between information, data and 
noise. That is, for a totalizing information, it 
is equivalent to say that it does not say any-
thing, it does not inform anything, it is zero 
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information, since the context disappears 
(Wilden 2001).

« 9 » A modern technology-based so-
ciety uses the term information in several 
areas of knowledge, especially in communi-
cation engineering, where it is assumed that 
information has the sense of transmitting a 
message through two or more systems de-
signed and constructed in such a way that 
they are isomorphic and complementary 
(originator and receiver). However, the ori-
gin and organization of living beings, from 
the perspective of evolutionary theory and 
biology of cognition, states that all living 
beings, including ourselves, are fruits of 
ontogenetic and phylogenetic stories and, 
therefore, were not intentionally designed 
and constructed with complementary “em-
bedded” isomorphic devices that guaran-
teed a priori language and communication 
(Maturana 1983). Therefore, from the per-
spective of biology of cognition, there are no 
inputs or outputs of information between 
the environment and living beings and, con-
sequently, information, as a concept or ex-
planatory principle (ibid), is dispensable for 
the understanding of language, cognition 
and knowledge (Maturana & Varela 1987).

« 10 » Cohen’s model (Figure 1) is more 
genuinely cognitive than any other model in 
immunology, but the way he sees cognition 
is quite different from ours. He ends his §7 
asking: “[…] who reads it [i.e., the immune 
output]?” We answer: the immunologist, 
the human observer operating in human 
language. In §17, Cohen says that “whether 
the immune system is cognitive or not de-
pends on how you define cognition” – in a 
nutshell, this is the kernel of discrepancies 
between Cohen’s approach and ours. We ac-
cept the theoretical framework proposed 
by Maturana and Varela (1980, 1987), who 
conceive cognition to be an adequate con-
duct of an organism in the face of a context, 
specified by the observer. Following this line 
of thought, the authors show that cognition 
can be extended to all living beings, since ev-
ery living being has, in one way or another, a 
behavior appropriate to its environment, its 
ecological niche, and dies when this adequa-
cy, the structural coupling with the medium, 
gets lost, i.e., it dies when it ceases to know. 

This has been summarized by the authors’ 
aphorism “to live is to know.” It is precisely 
because only the organism, in its relation-
ship with its environment, can show an ad-
equate conduct, judged by the observer, that 
we state that the immune system, or the ner-
vous system, is not a cognitive entity. Never-
theless, we agree with Cohen in pointing out 
that analyzing the immune system may be 
useful for the understanding of cognition as 
a biological phenomenon. Paraphrasing Co-
hen, we could say that the immune system 
can conveniently demonstrate how collec-
tives of interacting elements, create phenom-
ena that we, human observers, see and meta-
phorically describe as cognitive.

« 11 » Speaking a little bit about toler-
ance and biological closure, we agree that 
“tolerance, intolerance, self, foreign, danger 
and safety are all ideas of human minds that 
have been forced onto the immune system” 
(§21). Similarly, the same may be said re-
garding the notions of information, com-
putation, biomarkers, etc. Everything said 
is said by an observer to another observer 
who can be himself or herself ” (Maturana 
1978: 31). The attitude toward the concept 
of “closure” is a major point of departure 
between Cohen’s proposal and ideas defend-
ed by Jerne (1974b) (e.g., self-sufficiency); 
Varela’s “organisational closure”; and our 
own notion of “tolerance” as dynamic sta-
bility (Verdolin et al. 2001). The idea of 
“closure” has been difficult to accept even 
by important network immunologists, in-
cluding Antonio Coutinho (2003). Closure 
is not isolation: all systems are open to in-
teractions. Both Varela and Maturana have 
made this quite clear. To Cohen, however, no 
biological system exhibits closure. To us, 
living and non-living systems exhibit “clo-
sure” understood as their “organization,” 
i.e., the set of invariant relations (among 
components) that defines their class-entity 
(a system exists as long as the relations be-
tween its components remain invariant). 
These entire misunderstandings stem from 
failing to acknowledge the central notion of 
“organization” defined as the set of invariant 
relations (among components) that defines 
the class-entity of a system (Maturana & 
Varela 1980, 1987).

Conclusion
« 12 » We maintain our view that the 

immune system compensates perturbations 
coming from the organism itself (and from 
its own operation), which in its turn under-
goes perturbation triggered by the medium 
and by its own activity. These activities are 
always determined by the organization and 
structure of the system. Thus conceived, the 
immune system is capable of learning, be-
cause its invariant organization allows for 
structural changes. It presents memory as 
one of its emergent properties, not because 
it presents “memory cells,” but because the 
system as a whole can assume different pat-
terns of activation, which the observer com-
ments on, through its criteria of distinction, 
as faster, more intense and specific. If these 
standards and the comments on them have 
the body as a reference, it follows that cogni-
tion, as an emerging property, should not be 
ascribed to components of the organism, or 
to local rules, or to their subsystems, but to 
the organism as a whole, in its interaction 
with the environment. This view is the result 
of our experimental work with “oral toler-
ance” understood as a dynamic stability and 
robust conservation (Vaz et al. 2003; 2006) 
of levels of specific responsiveness (Verdolin 
et al. 2001) and our own praxis as reflective 
scientists, influenced by long and numerous 
repeated conversations with Varela and all 
our commentators.
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