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We begin to examine the implications of IR Cohen’s work on im-
mune cognition [1-3] for vaccine strategies when simple elicitation
of sterilizing immunity fails, as is the case for HIV, tuberculosis
and malaria. Cohen’s approach takes on a special importance in
the context of recent work by Nisbett et al. [4] showing clearly
that central nervous system (CNS) cognition is not universal, but
rather differs fundamentally for populations having different cul-
tural systems. A growing body of evolutionary anthropology in-
deed suggests that such effects are inevitable, since culture is as
much a part of human biology ‘as the enamel on our teeth’. Thus
a successful vaccine strategy for use when the smallpox model fails
must address a condensation of sociocultural and immune cogni-
tion, in the same sense that neuroimmunology and immunogenetics
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describe the condensation of CNS and genetic ‘languages’ with im-
mune function. We reinterpret recent studies of African cultural
variation in immune response to malaria from this perspective.

Introduction

HIV, malaria, and tuberculosis are major causes of morbidity and mortal-
ity for which no simple vaccine strategy has produced sterilizing immunity.
HIV is an evolution machine, malaria has a complicated parasite life cy-
cle with multiple and often changing, antigens, and tuberculosis, like other
mycobacteria, has a thick waxy coat which hinders both immunization and
antibiotic treatment. Analogously, many, if not most, infectious diseases
have basic biological or ecological and life-cycle factors that obviate simple
effective vaccination on the smallpox model, which indeed seems much the
exception.

Recently, interactions between the central nervous system (CNS) and the
immune system, and between the genetic heritage and the immune system
have become officially recognized and indeed academically codified through
journals with titles such as Neuroimmunology and Immunogenetics. Here we
will argue that a cognitive socioculture – a social network embodying culture
– in which individuals are embedded, and through which they are both accul-
turated and function to meet collective challenges of threat and opportunity,
may interact strongly with individual immune function to produce a com-
posite entity which might well be labeled an Immunocultural Condensation
(ICC).

We first examine current visions of the interaction between genes and
culture, and between the CNS and culture, and follow with a summary of
Cohen’s view of immune cognition. Next we argue that immune cognition and
cognitive socioculture can become fused into a composite entity, and make an
application to recent observations of culturally-specific immune response to
malaria in Africa. We conclude with some discussion of larger implications.

Genes, cognition, and culture

Increasingly, biologists are roundly excoriating simple genetic reduction-
ism which neglects the role of environment. Lewontin [5], for example, ex-
plains that genomes are not ‘blueprints,’ a favorite public relations metaphor,
as genes do not ‘encode’ for phenotypes. Organisms are instead outgrowths

2



of fluid, conditional interactions between genes and their environments, as
well as developmental ‘noise.’ Organisms, in turn, shape their environments,
generating what Lewontin terms a triple helix of cause and effect. Such in-
terpenetration of causal factors may be embodied by an array of organismal
phenomena, including, as we shall discuss, culture’s relationships with the
brain and the immune system. We propose reinterpreting immune function
in this light, with profound implications for medical and public health inter-
ventions for infectious diseases where the smallpox model fails.

The current vision of human biology among evolutionary anthropologists
is consistent with Lewontin’s analysis and is summarized by Durham [6] as
follows:

“...[G]enes and culture constitute two distinct but interacting
systems of inheritance within human populations... [and] infor-
mation of both kinds has influence, actual or potential, over ...
behaviors [which] creates a real and unambiguous symmetry be-
tween genes and phenotypes on the one hand, and culture and
phenotypes on the other...

[G]enes and culture are best represented as two parallel lines
or ‘tracks’ of hereditary influence on phenotypes...”

With regard to such melding, over hominid evolution genes came to en-
code for increasing hypersociality, learning, and language skills, so the com-
plex cultural structures which better aid in buffering the local environment
became widespread in successful populations [7].

Every successful human population seems to have a core of tool usage,
sophisticated language, oral tradition, mythology and music, focused on rel-
atively small family/extended family groupings of various forms. More com-
plex social structures are build on the periphery of this basic genetic/cultural
object [8].

At the level of the individual human, the genetic-cultural object appears
to be mediated by what evolutionary psychologists postulate are cognitive
modules within the human mind [9]. Each module was shaped by natu-
ral selection in response to specific environmental and social conundrums
Pleistocene hunter-gatherers faced. One set of such domain-specific cogni-
tive adaptations addresses problems of social interchange [10]. The human
species’ very identity may rest, in part, on its unique evolved capacities for
social mediation and cultural transmission. Anthropologist Robert Boyd has
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remarked that culture is as much a part of human biology as the enamel on
our teeth.

Indeed, a brain-and-culture condensation has been adopted as a kind of
new orthodoxy in recent studies of human cognition. For example Nisbett et
al. [4] review an extensive literature on empirical studies of basic cognitive
differences between individuals raised in what they call ‘East Asian’ and
‘Western’ cultural heritages. They view Western-based pattern cognition as
‘analytic’ and East-Asian as ‘holistic.’ Nisbett et al. [4] find that

1. Social organization directs attention to some aspects of the perceptual
field at the expense of others.

2. What is attended to influences metaphysics.
3. Metaphysics guides tacit epistemology, that is, beliefs about the nature

of the world and causality.
4. Epistemology dictates the development and application of some cog-

nitive processes at the expense of others.
5. Social organization can directly affect the plausibility of metaphysical

assumptions, such as whether causality should be regarded as residing in the
field vs. in the object.

6. Social organization and social practices can directly influence the de-
velopment and use of cognitive processes such as dialectical vs. logical ones.

Nisbett et al. [4] conclude that tools of thought embody a culture’s
intellectual history, that tools have theories build into them, and that users
accept these theories, albeit unknowingly, when they use these tools.

We may assume, then, the existence of gene-culture and brain-culture
condensations.

Immune cognition

Recently Atlan and IR Cohen [3] have proposed an information-theoretic
adaptation of IR Cohen’s [1, 2] ‘cognitive principle’ model of immune func-
tion and process, a paradigm incorporating pattern recognition behaviors
analogous to those of the central nervous system.

We paraphrase Atlan and Cohen’s [3] description of immune system cog-
nitive pattern recognition-and-response behavior as follows:

The meaning of an antigen can be reduced to the type of response the
antigen generates. That is, the meaning of an antigen is functionally defined
by the response of the immune system. The meaning of an antigen to the
system is discernible in the type of immune response produced, not merely
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whether or not the antigen is perceived by the receptor repertoire. Because
the meaning is defined by the type of response there is indeed a response
repertoire and not only a receptor repertoire.

To account for immune interpretation IR Cohen [1] has proposed a cogni-
tive paradigm for the immune system. The immune system can respond to a
given antigen in various ways, it has ‘options.’ Thus the particular response
we observe is the outcome of internal processes of weighing and integrating
information about the antigen.

In contrast to Burnet’s view of the immune response as a simple reflex,
it is seen to exercise cognition by the interpolation of a level of information
processing between the antigen stimulus and the immune response. A cogni-
tive immune system organizes the information borne by the antigen stimulus
within a given context and creates a format suitable for internal process-
ing; the antigen and its context are transcribed internally into the ‘chemical
language’ of the immune system.

IR Cohen’s cognitive paradigm suggests a language metaphor to describe
immune communication by a string of chemical signals. This metaphor is apt
because the human and immune languages can be seen to manifest several
similarities such as syntax and abstraction. Syntax, for example, enhances
both linguistic and immune meaning.

Although individual words and even letters can have their own meanings,
an unconnected subject or an unconnected predicate will tend to mean less
than does the sentence generated by their connection.

The immune system, in Atlan and Cohen’s view, creates a ‘language’
by linking two ontogenetically different classes of molecules in a syntactical
fashion. One class of molecules are the T and B cell receptors for antigens.
These molecules are not inherited, but are somatically generated in each
individual. The other class of molecules responsible for internal information
processing is encoded in the individual’s germline.

Meaning, the chosen type of immune response, is the outcome of the
concrete connection between the antigen subject and the germline predicate
signals.

The transcription of the antigens into processed peptides embedded in a
context of germline ancillary signals constitutes the functional ‘language’ of
the immune system. Despite the logic of clonal selection, the immune system
does not respond to antigens as they are, but to abstractions of antigens-in-
context.
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Immune cognition and culture

It is possible to give Atlan and Cohen’s language metaphor of meaning-
from-response a precise information-theoretic characterization, and to place
that characterization within a context of recent developments which propose
the ‘coevolutionary’ mutual entrainment – in a large sense – of different in-
formation sources to create larger metalanguages containing the original as
subdialects [11-16]. This work also permits treating gene-culture and brain-
culture condensations using a similar, unified, conceptual framework of in-
formation source ‘coevolutionary condensation’. Cohen’s immune cognition
model suggests, then, the possibility that human culture and the human im-
mune system may be jointly convoluted: That is, there would appear to be, in
the sense of the gene-culture and brain-culture condensations of the previous
section, an immune-culture condensation as well. To the terms neuroim-
munology and immunogenetics we must add ‘immunocultural condensation.’

Malaria, tuberculosis and HIV share the distinction of having no effec-
tive available vaccines or vaccine strategies, in considerable contrast to the
‘smallpox model’ in which a single, simple, vaccine dosage almost always
gives lifelong, or at least very long-term, immunity from disease. The evolu-
tionary anthropologists’ vision of the world, as we have interpreted it, sees
language, culture, gene pool, and individual CNS and immune cognition as
intrinsically melded and synergistic. We propose, then, that where the small-
pox vaccine model fails, culture and immune cognition may become a joint
entity in determining the kind of vaccine strategy which may be effective,
‘confounded’ by the distinct population genetics associated with linguistic
and cultural isolation.

Africa, as the human homeland, contains the greatest known linguistic,
cultural, and indeed genetic, diversity. This suggests the probable need for
severe local refining and monitoring of any vaccine strategy in Africa, and
implies that traditional ‘case-control’ studies of vaccine strategies may be
profoundly affected by linguistic and cultural differences, as convoluted with
the associated genetic divergence.

In sum, population differences of immune function heretofore attributed
to genetic factors alone may, rather, represent differences in immune cog-
nition driven by profound cultural differences. This would, in our view,
particularly affect development of vaccine strategies for culturally diverse
populations where the smallpox model fails.

We reinterpret recent observations of malaria in Burkina Faso from this
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perspective.

Malaria and the Fulani

Modiano et al. [17, 18, 19], whom we paraphrase at some length, have
conducted comparative surveys on three roughly co-resident West African
ethnic groups – which they describe as ‘sympatric’ – exposed to the same
strains of malaria. The Fulani, Mossi, and Rimaibe live in the same con-
ditions of hyperendemic transmission in a Sudan savanna area northeast of
Ouagadougou, Burkina Faso. The Mossi and Rimaibe are Sudanese Negroid
populations with a long tradition of sedentary farming, while the Fulani are
nomadic pastoralists, partly settled and characterized by non-Negroid fea-
tures of possible Caucasoid origin.

Parasitological, clinical, and immunological investigations showed consis-
tent interethnic differences in P falciparum infection rates, malaria morbid-
ity, and prevalence and levels of antibodies to various P falciparum antigens.
The data point to a remarkably similar response to malaria in the Mossi and
Rimaibe, while the Fulani are clearly less parasitized, less affected by the dis-
ease, and more responsive to all antigens tested. No difference in the use of
malaria protective measures was demonstrated that could account for these
findings. Known genetic factors of resistance to malaria showed markedly
lower frequencies in the Fulani [19]. The differences in the immune response
were not explained by the entomological observations, which indicated sub-
stantially uniform exposure to infective bites.

Modiano et al. [17] conclude that

“...[S]ociocultural... factors do not seem to be involved... The
available data support the existence of unknown genetic factors,
possibly related to humoral immune responses, determining in-
terethnic differences in the susceptibility to malaria.”

In spite of later finding the Fulani in their study region have significantly
reduced frequencies of the classic malaria-resistance genes compared to the
other ‘sympatric’ ethnic groups, Modiano et al. [19] again conclude that

“This evidence... supports the existence in [the Fulani] of
unknown genetic factor(s) of resistance to malaria...”
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Much in the spirit of Lewontin [5], we beg to differ, as ad hoc presumptions
of genetic causality paper over alternatives consistent with the results.

Recently Andrew Gordon, a medical anthropologist, published an ex-
haustive study of Fulani cultural identity and illness, based on participant-
observation in Guinea [20]. His findings are remarkable:

“Cultural identity – who the Fulani think they are – informs
thinking on illnesses they suffer. Conversely, illness, so very
prevalent in sub-Saharan Africa, provides Fulani with a con-
sistent reminder of their distinctive condition... How they ap-
proach being ill also tells Fulani about themselves. The manner
in which Fulani think they are sick expresses their sense of dif-
ference from other ethnic groups. Schemas of [individual] illness
and of collective identity draw deeply from the same well and web
of thoughts... As individuals disclose or conceal illness, as they
discuss illness and the problem of others, they reflect standards
of Fulani life – being strong of character not necessarily of body,
being disciplined, rigorously Moslem, and leaders among lessors...
to be in step with others and with cultural norms is to have pride
in the self and the foundations of Fulani life.”

The Fulani carried the Islamic invasion of Africa into the sub-Sahara,
enslaving and deculturing a number ethnic groups, and replacing the native
languages with their own. This is much the way African Americans were
enslaved, decultured, and taught English.

As Gordon puts it.

“ ‘True Fulani’ see themselves as distinguished by their aris-
tocratic descent, religious commitments, and personal qualities
that clearly differ from lowland cultivators. Those in the lowland
are, historically, Fulani subjects who came to act like and speak
Fulani, but they are thought to be without the right genealogical
descent. The separation between pastoralists and agriculturists
repeats itself in settlements across Africa. The terms vary from
place to place in Guinea, the terms are Fulbhe for the nobles and
the agriculturalist Bhalebhe or Maatyubhee; in Burkina Faso,
Fulbhe and the agricultural Rimaybhe; and in Nigeria, the Red
Fulani and the agricultural Black Fulani... The schemas for the
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Fulani body describe the differences between them and others.
These are differences that justify pride in being Fulani and not
Bhalebhe, Maatyubhe, Rimaybhe, or Black Fulani. In Guinea,
the word ‘Bhalebhe’ means ‘the black one’. The term ‘Bhalebhe’
carries the same meaning as ‘Negro’ did for Africans brought to
North America. It effaces any tribal identity...

The control a Fulani exercises over the body is an essential
feature of ‘the Fulani way.’ Being out of control is shameful and
not at all Fulani-like... To act without restraint is to be what is
traditionally thought of as Bhalebhe...

Being afflicted with malaria – and handling it well – is a sig-
nificant proof of ethnicity. How Fulani handle malaria may be
telling. What they lack in physical resistance to disease they
make up in persistence. Though sickly, Fulani men only reluc-
tantly give into malaria and forgo work. To give into physical
discomfort is not dimo. When malaria is severe for a man he is
likely not to succumb to bed, but instead to sit outside of his
home socializing.”

Parenthetically, many primate studies [e.g. 21] show that dominance
rank, an important psychosocial factor, strongly and positively affects im-
mune response in a stable social setting, while a vast body of parasitological
observation and theory [e.g. 22] shows the ‘overdispersion’ of parasites within
affected populations – i.e. relative concentration – is closely but inversely re-
lated to social dominance.

The Occam’s Razor hypothesis, then, is that the observed significant
difference in malarial parasitization between the dominant Fulani and co-
resident ethnic groups in the Ouagadougou region of Burkina Faso can be
largely accounted for by factors of immunocultural condensation, particularly
in view of the observed lower frequencies of classic malaria-resistance genes
found in the Fulani.

Given their protective ICC, the Fulani simply may not need those classic
genes.

Conclusions and speculations

We have characterized the interaction between immune and sociocultural
cognition as an immunocultural condensation, and used the concept to pro-
pose an Occam’s Razor explanation of observed differences between rates
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and intensity of malarial parasitization among co-resident ethnic groups in a
section of Burkina Faso. We suspect that comparison of the ‘neuroimmuno-
logical spectra’ of biochemical mechanisms between these ethnic groups, in a
large sense, would show differences consistent with the strictly immunolog-
ical findings, and might illuminate mechanisms by which the proposed ICC
operates.

The particular relation between the Fulani and, at least, the Rimaibe,
somewhat mirrors the relation between ‘White’ and ‘Black’ residents of the
US. Thus we suspect that differences of ICC may play a role in the ‘health
disparities’ evident between those groups, an effect which persists even in
the face of statistical procedures which supposedly adjust for differences of
income between the groups. This suggests the continuing burdens of history,
what organizational ecologists have come to call ‘path dependence.’

AIDS and tuberculosis are, it is widely understood, particular diseases
of marginalization and poverty. They spread along the structural flaws of a
society like water through cracks in ice. Our work here leads us to suppose
that crossectional marginalization and deprivation are synergistic with lon-
gitudinal path dependent, i.e. historically driven, structures of ICC to define
the ecology of these infections.

As we have described it, immunocultural condensation presents both a
challenge and opportunity in the development of vaccine strategies where the
smallpox model fails. To the degree that factors of ICC dominate a disease
ecology, there is unlikely to be an effective, single, one-size-fits-all vaccine
strategy. On the other hand, a more flexible vaccine strategy which makes
appropriate use of ICC mechanisms may enjoy a considerable synergistic
boost in effectiveness, at least among those who do not bear the burdens of
history.

Nobody said it would be easy.
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