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PERSPECTIVE ARTICLE

THE SELF AND ITS WORLD: A NEURO-ECOLOGICAL AND
TEMPORO-SPATIAL ACCOUNT OF EXISTENTIAL FEAR

Andrea Scalabrini, Clara Mucci, Lorenzo Lucherini Angeletti, Georg Northoff

Abstract

The current international crisis situation caused by the COVID-19 pandemic
is having a strong psychological impact on our subjectivities. We are constantly
threatened by the danger of i) being infected, ii) infecting other people, and (iii) by
the loss of social relation. Departing from these premises, we here aim to investigate
the psychological and neurodynamics of this complex phenomenon. First, we discuss
about recent psychological and neuronal findings on fear and its disorders, related to
an unbalanced intero-exteroceptive processing and emotional regulation. Secondly
we move to the psychological and neuronal dynamics of self and others characterized
by a temporo-spatial alignment with the world. Due to the neural overlap of emotion
and self and the deep-reaching neuro-ecological layers of self, emotional feelings
like fear and anxiety cannot be detached and dissociated from the world; they
signify the world-brain relation, and, more specifically, our self-other relation. The
deepest neuro-ecological and neuro-social layers of self are threatened by the loss
of subjectivity, which is manifest in our loss of body and thus the fear of dying, and
the loss of intersubjectivity that surfaces in our fear of infecting others, which reflect
the intimate anchorage of the self with the world. In our opinion the pandemic of
COVID-19 deeply affect our sense of self and its spatio-temporal neuronal dynamics
providing the prerequisites for the manifestation of fear and existential anxiety, thus
disrupting the brain-world relation with significant repercussions on our psyche and
on our daily lives.
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The self'is like a crowd ... being oneself, one is also

like many. One cannot individuate without being with other
human beings... Being an individual is always a link in a
chain... how little you can exist ... without responsibilities
and duties and the relation of other people to yourself... The
Self... plants us in otherness — of other people, and of the
transcendent. JUNG, 1988, v. 1, p. 102

1. Introduction

What is happening nowadays with the pandemic
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spread of COVID-19 is an existential threat for us as
individual selves related with others, both belonging to
a shared world.

Our sense of self and others is threatened by the
danger of i) being infected, ii) infecting other people,
and (iii) the loss of social relation. This abnormal
situation has an impact on us as subjectivities being
intrinsically related with others and the world, leading
to different neuronal and psychological responses on
the basis of our basic emotional feelings, as is the case
of fear. Our self is existentially threatened at its most
deepest level, that is, its relationship to others and, more
generally, the world — this kind of existential fear of
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The self and its world

losing ourselves through losing our relation to the world
corresponds well to the kind of deep anxieties existential
philosophers such as Kierkegaard, Heidegger, and
Sartre, among others, described. In order to shed some
light on such existential fear in the midst of the current
Coronavirus crisis, we first need to understand the self
and its different layers.

Specifically, to better deepen the psychological
and neurodynamics concerning the sense of self and
its relationship to others, we proceed in two steps. We
first discuss recent psychological and neuronal findings
on fear and related disorders. This serves as stepping
stone to show the relevance of reaching deeper beyond
the emotion of fear itself to the underlying self who
experiences that very same emotion, i.e., fear. The
nature of self and its different layers will be discussed in
a second part. We suppose that it is the intimate linkage
of the emotion of fear to the self and the latter’s deeper
neuro-social and neuro-ecological layers that first and
foremost renders the emotion of fear as threat to our
existence, i.e., existential fear. Only by considering the
self, including its deep neuro-ecological anchorage in
the world, we can fully comprehend the far-reaching
nature of our emotions like fear in a situation where
events in the world threaten our existence as in the
corona virus crisis.

2. Fear - neurobiological and psychological
characterization

2.1 The FEAR/Anxiety System — fear is
relational and neuro-ecological

The FEAR/Anxiety System (Panksepp, 1990, pp.
3-58; Panksepp, Fuchs, & lacobucci, 2011; Davis,
Walker, Miles, & Grillon, 2009) was designed during
brain evolution to help animals escape and avoid the
many dangers of the world. In humans higher levels
of fear destroys the sense of security in the world
producing higher level of stress and anxiety. In these
extreme cases the world is not perceived as a “secure
base”. The FEAR/Anxiety System can be activated
by various external events as well as by internal ones.
These are usually triggered by specific external events
that have been paired with pain or other threatening
stimuli, but feelings of fear can also emerge simply
from the internal dynamics of the brain, what has been
called free-floating anxieties. Indeed, when humans
are stimulated intensely, primary-process FEAR
circuits motivate to freeze and flee in apparent frights.
In these conditions people report being engulfed by
intense anxiety and fear (e.g. “scared to death”) with
no necessary environmental cause (Nashold, Wilson, &
Slaughter, 1969).

Neuroscientists have tended to focus on information
that enters the FEAR system via so called ‘high-
roads’ (more cognitive-perceptual inputs), and via
‘low-roads’ (the more primitive sensory inputs). Jaak
Panksepp focused mainly on what he described as
the ‘Royal Road’, which is the evolved FEAR system
itself, a circuit that course between central amygdala
and periaqueductal gray of midbrain, that governs the
instinctual action apparatus, which intrinsically helps
animals avoid danger (Panksepp, 2004). In external or
internal threaten circumstances, the arousal of anxieties
systems lead to mental tensions that characterize
various anxiety disorders (Panksepp, 1990). In order
to better understand the emotional feeling of fear, we
must investigate the neurodynamics of the brain and its
spatio-temporal properties that might lead to different
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disorders.

We can see that even in animals, there is a most
basic subcortical fear-anxiety system. That very same
system receives plenty of input from especially the own
body — we are thus intimately connected with our body
and that relationship can transform into fear and anxiety
if discrepancies in the inputs, i.e, between intero- and
extero-ceptive stimuli, occur. Fear and anxiety can
then be seen as strategies of the brain to re-balance and
ultimately ‘normalize’ its intero- and extero-ceptive
input — the brain establishes relationship to the body,
which is manifest in fear/anxiety. More deeply, it tells
us that even an emotion as basic as fear is not isolated
and locked-up in the brain or the organism. Instead,
the data tell us that fear is intrinsically relational,
something constituted neuro-vegetatively as based on
the interoceptive input from the body. That, in turn,
establishes relationship to the environment and the
world — taken in a more general sense, emotions like
fear/anxiety are thus about the balance between world,
body, and brain and are thus genuinely relational and
neuro-ecological.

2.2. Mechanisms of fear — involvement of the
body with interoception and prediction

Anxiety may be defined as a state of worry due
to anticipation of uncertain or undesirable outcomes
(Grupe & Nitschke, 2013). Anxiety can be useful and
adaptive in imagining and avoiding negative events.
However, extreme responses, such persistent worry due
to perceiving innocuous stimuli or events perceived
as threatening, might result in a psychopathological
disorder. Recently, it has been proposed that abnormal
interoceptive processing might represent a basis for
anxiety (Barrett & Simmons, 2015; Paulus & Stein,
2010). In this view, behavioural and autonomic
symptoms are attributed to top-down modulation from
brain regions that monitor interoceptive signals of the
body.

Predictive coding theories suggest that the brain
prospectively models the anticipated or expected
bodily input (Seth, Suzuki, & Critchley, 2012; Seth,
2013). When this expected input diverges from the
received input, error signals are generated to ‘correct’
the received input (i.e. interoceptive afferent), i.e.,
prediction error. For example, worrying about a
threatening condition is expected to be associated with
increased heart rate. While in the absence of expected
increase in the heart rate, top down signals increase the
heart rate to match the prediction (Barrett & Simmons,
2015). In the brain, this predictive interoception is
attributed particularly to the anterior insula. Anxiety
featured by persistent uncertainty and associated worry
is suggested to produce strong expectations of arousal
(hyper-precise errors), which are not responsive or
changed in the face of contrary information (such as
absence of increased heart rate) (Paulus, Feinstein, &
Khalsa, 2019). As such, if either a strong expectation
of abnormality or an imprecise input produces an error,
the somatic signal may be amplified to match the belief
— this results in anxiety and fear.

How exactly does the brain integrate information
into its own neuronal activity that it receives from the
body’s interoceptive inputs? The above-mentioned
theories can be complemented by the recently suggested
spatiotemporal approach, which lays emphasis upon
the temporal structure of neural activity and its spatial
patterns in the brain (Northoff, 2016a). The temporal
structure of ongoing neural activity would thus represent
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the a priori predictions that remain largely robust to
external inputs. In this approach, interoceptive inputs
represent a special case. These inputs continuously
provide critical information of survival value.
Consequently, and unlike external inputs, interoceptive
inputs must also be continuously integrated with the
ongoing (resting state) spontaneous activity (Northoff,
2014). Thus, a noisy interoceptive input or afferent
may affect the ongoing neural activity, and regions
that receive this input may function abnormally. That,
in turn, leads to the somato-cardiac symptoms and
abnormal interoception in anxiety disorders that may
thus be intimately related to the brain’s abnormal
interoceptive processing.

2.3. Disorders of fear and anxiety I — prefrontal
cortex with convergence of emotion and self

Anxiety disorders are the most common psychiatric
condition, with a lifetime prevalence between 5%-
30% (Kessler et al., 2005) and are mainly divided into
generalized anxiety disorder (GAD), panic disorder
(PD), specific phobia (SP), and social phobia (or social
anxiety disorder, SAD); high rates of comorbidity
across these diagnoses suggest common vulnerabilities
(Hamm et al., 2014). This class of disorders is
characterized by significant feelings of anxiety and fear
(American Psychiatric Association, 2013).

The latter are related, but different phenomena that
can be distinguished on the neurophysiological level
(e.g. Davis, 1998; Grillon et al., 2006). At the same
time, there is evidence suggesting that both fear and
anxiety are related to all anxiety disorders to varying
degrees (Barlow, 2001; Etkin & Wager, 2007).

As said in the previous sections, a constant state
of worry, i.c., being afraid of something bad, which is
about to happen, and a hyper vigilance for external and
internal inputs are the hallmark of anxiety disorders
(Bishop, 2007; Bijsterbosch, Smith, Forster, John, &
Bishop, 2014). Hypersensitivity to emotional stimuli
has been broadly shown in individuals with GAD
(Weinberg & Hajcak, 2010), SAD (Voegler et al., 2018),
and PD (Ludewig, 2003). Attentional biases, subserving
such hypervigilant reactions, engage our attention into
detecting threat-related stimuli from the environment
and within our own body feeding worry symptoms
(Clark & Watson, 1991). This leads to a hyperactivity
of the amygdala, taking control over the brain and
affecting the prefrontal cortices activity (Schienle,
Schifer, Walter, Stark, & Vaitl, 2005; Rauch, Shin, &
Wright, 2006; Hermann et al., 2007). Indeed in healthy
individuals, the activity of amygdala, in response to
threat-related stimuli, is mitigated from prefrontal
cortices, which are involved in cognitive regulation
of emotions. In this stage of cognitive processing, the
organism chooses coping strategies, and then finally
applies emotion regulation strategies to cope with the
fearful situation. This emotion regulation capacity is
impaired in anxiety disorders, reflecting an imbalance
of amygdala-prefrontal cortices connectivity (Mennin,
2006; Amstadter, 2008; Aldao, Nolen-Hoeksema, &
Schweizer, 2010; Cisler, Olatunji, Feldner, & Forsyth,
2009). Hence, the relationship between prefrontal
cortices hypo-activation and functional impairment
suggests that the failure to engage prefrontal cortices
during emotion regulation may be part of the critical
transition from dispositional high anxiety to an acute
manifestation of anxiety disorder (e.g., Ball, Ramsawh,
Campbell-Sill, Paulus, & Stein, 2013; Straube, Mentzel,
& Miltner, 2005; Mucci, Scalabrini, & Northoff, 2018).
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On the neural level, neuroimaging studies have
provided evidence of alterations in functional
connectivity (FC) within and/or between several
brain networks in anxiety and anxiety disorders in
response to fear-related stimuli (see Xu et al., 2019
for a review). In particular, the affective network
(AN), which includes amygdala, orbitofrontal cortex
(OFC), temporal cortex, pallidum, and insular cortex,
results to have hypo-connectivity with default mode
network (DMN) and cortical midline structures (CMS-
Northoff & Bermpohl, 2004). The involvement of the
DMN provides connection of emotion/anxiety to the
self as the DMN is well known to be responsible for
processing self-related content (Northoff et al., 2006;
Qin & Northoff, 2011). The hypo-activation in anxiety
disorder occurs especially with the vmPFC, which
has been shown to be critical to emotion regulation
via modulating amygdala activity (Motzkin, Philippi,
Wolf, Baskaya, & Koenigs, 2015). How that very same
abnormal emotion regulation of vmPFC affects and
modulates the self that is also processed in the same
region remains to be investigated.

The vmPFC also plays an important role in
value-based decision-making and social interaction,
underpinning the avoidance responses, subserving
the self-defense mechanism from physical and
psychological threats typical of anxiety disorders (Hiser
& Koenigs, 2018). Anxious individuals tend to generate
emotionally charged and overgeneralized threat-related
future events, consistent with previous findings in
anxious younger adults and asymptomatic older adults
(Brown et al., 2013, Brown, Addis et al., 2014; Kleim,
Graham, Fihosy, Stott, & Ehlers, 2014; Schacter,
Gaesser, & Addis, 2013). They report impairments in
imagining themself in the future (Schacter et al., 2013),
contributing to poor decision-making and problem-
solving capacities (Gupta et al., 2009; Lyons, Henry,
Rendell, Corballis, & Suddendorf, 2014). Together,
these data support close relationship between the neural
correlates of anxiety/fear on the one hand and those
implicated in self-related processing and our sense of
self on the other.

2.4. Disorders of fear and anxiety [[—abnormal
intero-exteroceptive balance as world-body-
brain relation

In addition, many studies reported an abnormal
interoception across anxiety disorders (Andor, Gerlach,
& Rist, 2008; Chan et al., 2015; Chan, von Leupoldt,
Liu, & Hsu, 2014; Ehlers & Breuer, 1992; Grossi et al.,
2017; Hoehn-Saric, McLeod, & Zimmerli, 1989), thus
suggesting how altered interoception might play a key
role in the pathogenesis of these disorders.

An increased anterior insular activity was indeed
associated with interoceptive awareness in phobic
patients (Caseras et al., 2011). Furthermore, Cui and
colleagues (2016) reported an increased functional
connectivity (FC) from thalamus to somatosensory
cortex in panic disorder (PD) patients causing abnormal
high interoceptive sensitivity and somatosensory
stimulus processing, which underlies the typical
symptoms of PD, such as the extreme feeling of
heartbeat. Finally, in generalized anxiety disorder
(GAD) abnormal interoceptive awareness Wwas
correlated with altered neural activity (resting and task-
related) in the left anterior insular cortex (AI) (Cui et
al., 2020).

Why is there such abnormally heightened
interoceptive awareness in anxiety and fear disorders?

Clinical Neuropsychiatry (2020) 17, 2
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Figure 1. Adaptive vs. maladaptive conceptual model of Fear/anxiety system

FEAR/ANXIETY
SYSTEM

Usually, regions like the insula process both intero-
and exteroceptive stimuli and integrate them (Craig,
2009; Wiebking et al., 2014; Wiebking & Northoff,
2014). There is thus a certain intero-exteroceptive
processing balance in the neural activity of the insula.
If now, for some reason, the exteroceptive input
recedes or is traumatic for the respective subject, the
intero-exteroceptive balance is shifted towards its
interoceptive pole. This shifts the awareness. While
the awareness is usually divided and balanced between
intero- and exteroceptive contents, it is now abnormally
strongly dominated by the predominating interoceptive
input. Neural activity is thus strongly shaped by the
relatively stronger interoceptive input which obviously
enhances the subject’s perception of the interoceptive
inputs resulting in increased interoceptive awareness.
In contrast, exteroceptive awareness is decreased and
recedes into the background.

If one now perceives and is more aware of the one’s
own interoceptive processing, the individual certainly
becomes anxious when, for instance, continuously
perceives the one’s own heartbeat and especially its
otherwise ‘normal’ irregularities as related to the
“healthy” heart rate variability (Wiebking et al. 2014;
deGreck et al., 2011). The anxious and fearful reaction
to such abnormally heightened interoceptive awareness
of one’s heartbeat’s irregularities is then nothing but
a very healthy and normal reaction — except that the
psychiatrists would define it as “anxiety disorder”.

Thus, having reported how pathological anxiety
consumes mental resources impairing daily functioning
and our quality of life (Mathews & MacLeod, 2005;

Clinical Neuropsychiatry (2020) 17, 2

ADAPTIVE
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Rodriguez, Bruce, Pagano, & Keller, 2005), it is possible
to understand how the current international pandemic
crisis situation due to COVID-19 has a strong impact
on our fear/anxiety levels. Just as the virus’ global
spread accelerated, the perception and the attention
towards our inner state have increased sharply. So while
externally, media and social networks are gathering
attention over the threatened worldwide situation,
internally, we experience increased interoceptive
awareness, in an attempt to early detect the symptoms
of the virus. The prospect of being infected or of being
able to infect our loved significant others makes us
experience the constant state of worry lived daily by
those suffering from an anxiety disorder. The more
these possibilities become concrete, i.e., by becoming
aware of virus-positive friends and acquaintances, the
more our own self-integrity and its relationship with the
world are threatened which, in turn, induces anxiety/
fear. We will now see how that anxiety/fear becomes
literally existential by shedding some light on the deep
relational and neuro-ecological layers of self (as based
on what conceptually has been described as ‘world-
brain relation’; Northoff, 2018).

3. The Self and its fears
3.1. The Self, the other and the spontaneous
activity of the brain — temporo-spatial
alignment to the world

The sense of self is the term we use to profoundly
investigate what concerns our subjectivity. It is my
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self who feels pain when I am hurt; others can see the
manifestation of my self, my behaviour, feelings and
cognition, they can mirror/empathize with my self to
get closer and aligned to what is my self experiences
but they do not feel my same subjective pain. However
self and other are intrinsically connected to each other,
being mutually dependent in a continuous dynamic
dialectical exchange of similarities and differences.

From a neuronal perspective, self-processing has
been operationalized in many experimental studies in
terms of self-relatedness (SR, Northoff, 2016a) and has
been shown to modulate behavioral responses related to
reward (de Greck etal., 2008, 2010, 2012; Yankouskaya,
Biihrle, Lugt, Stolte, & Sui, 2018), attention (Sui,
Chechlacz, & Humphreys, 2012; Sui, Rotshtein, &
Humphreys, 2013; Sui, Sun, Peng, & Humphreys,
2014; Sui & Humphreys, 2015), perception (Sui et al.,
2012, 2013), action (Frings & Wentura, 2014), emotion
(Phan et al., 2004; Northoff et al., 2007; Yankouskaya
et al., 2020), and decision making (e.g. Nakao, Ohira,
& Northoff, 2012; Nakao et al., 2013, 2019). Most
interestingly, in addition to task evoked paradigms, the
investigation of the brain’s spontaneous activity (or
resting state) and its elaborate spatio-temporal structure
have been gained more and more attention during the
years (Logothethis et al., 2009; Northoff 2014a,b;
Raichle 2015a,b). The brain’s spontaneous activity
can spatially be characterized by various networks,
like the Default Mode Network (DMN) that include
mainly the cortical midline structures (CMS) and show
strong low frequency fluctuations (Raichle 2001, 2009;
Buckner, Andrews-Hanna, & Schacter, 2008), and
other networks such as sensorimotor, salience, central
executive networks, etc. (see Menon, 2011 for areview).
Intriguingly, CMS have been associated with SR not
only during the stimulus-induced states but also during
the resting state characterized by spontaneous thought
(Gusnard & Raichle, 2001; Zhu, 2004; D’Argembeau
et al., 2005; Moran, Macrae, Heatherton, Wyland, &
Kelley, 2006; Schneider et al., 2008; Enzi, De Greck,
Proesch, Tempelmann, & Northoff, 2009; Northoff,
Qin, & Nakao, 2010; Whitfield-Gabrieli et al., 2011; Hu
et al., 2016). Therefore, the “rest-self overlap” concept
(Bai et al., 2016; Northoff, 2016b) has been introduced
to describe the convergence in anterior and posterior
CMS (Qin & Northoff, 2011; Murray, Debbane, Fox,
Bzdok, & Eickhoff, 2014; Davey, Pujol, & Harrison,
2016) between the self and the brain’s spontaneous (or
resting state) activity.

Raichle (2015a) proposed that the “default mode
functionality” of the brain maintains an intrinsic state
of preparedness for anticipating or predisposing the
demands placed continuously over time. Based on
“rest-self overlap” findings and the “default mode
functionality” properties, one may hypothesize that
the spontaneous activity of the brain may contain
some specific information related to the self, serving to
process and assign contents to the subsequent internal
or external stimuli. Therefore, one may conceptualize
a “rest-self overlap/containment” (Huang, Obara,
Davis, Pokorny, & Northoff, 2016; Huang et al., 2017;
Northoff, 2016b; Scalabrini, Mucci, & Northoff 2018),
where the self-specific information not only overlaps
with the resting state but, much stronger, is contained
in the spontaneous activity itself. That self-specific
information encoded and contained in the spontaneous
activity itself may, in turn, provide the basis and thus
the “default mode functionality” for the assignment of
contents as processed in affective, cognitive, social and
sensorimotor functions.

If this holds, one would expect that the spontaneous
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activity’s degree of self-relatedness should modulate
task-related activity and its self-specificity. That is
indeed supported by recent empirical data. For instance
a recent paper (Scalabrini et al., 2019) showed how
the scale-free properties (i.e., the shape of the power
spectrum with its long-range temporal correlation) of
resting state activity in the anterior cingulate cortex
predict the subsequent task evoked neuronal activity
related to the animate environment i.e. social. These
findings expand the notion of rest-self overlap/
containment to the notion of self-other overlap and
distinction. These and others findings (see Northoff,
2016b; Wolff et al., 2019; Huang et al., 2016) strongly
suggest that the spontaneous activity’s temporo-spatial
dynamic (like its scale-free properties) provide the link
between the environmental and social context on the
one hand and our sense of self on the other. Our self is
thus intrinsically relational, i.e., related to others and
the socio-environmental context, which is mediated
by temporo-spatial features — one can thus speak of
temporo-spatial alignment of the self to the environment
(Northoff, 2018; Scalabrini et al., 2018).

Such temporo-spatial alignment of the self to others,
both at a neuronal and at a psychological level, is put into
doubt by the Coronavirus crisis. As long as the threat of
fear affects our relationships we might no longer feel
the other as closer in space and time — the self-other
relation might be disrupted, which basically means
that the self has to cut some of the most fundamental
conditions on the basis of which it constitutes itself.
That, combined with the threat of death for the one’s
own self and for the others results in the existential
fear of literally losing the self through losing the other
and the world — anxiety/fear thus become existential as
manifest in existential fear of the loss of both self and
world as so well described by existential philosophers.
We here provide empirical evidence that these early
existential philosophers were indeed right, as their
description of existential fear and loss of self can
nowadays be supported by the neuroscience of self as
described above.

3.2. The intrinsic relation between self and
other — Inter-subjectivity and attachment

Supporting the notion of self-other overlap and
distinction, Murray and colleagues (Murray et al., 2014;
Murray, Schaer, & Debbané, 2012), based on functional
connectivity analysis of a large resting state data set,
demonstrated anterior midline regions like perigenual
anterior cingulate cortex (PACC) and ventro medial
(vim)PFC, as well as the anterior insula, to form a ‘self’
network’ in the resting state (see also Huang et al., 2016;
Lou, Changeux, & Rosenstand, 2017). Intriguingly
they also described a ‘other network’ that includes
posterior midline regions like posterior cingulate cortex
(PCC) and the temporal parietal junction (TPJ), while a
‘self~other overlap network’ in resting state revealed a
shared connectivity within the anterior cortical midline
structures, i.e. the vmPFC bordering into the ACC
(Murray et al., 2014).

These findings imply that in the anterior portion of
CMS there is an overlap between self and others while
regions like PCC and TPJ are specific for the so called
‘other network’ and more higher order functions like
theory of mind (particularly for TPJ), while the ‘self
network’ is mainly characterized by the anterior CMS
and the insula. The right anterior insula, in particular,
has been related to the interoceptive processing to give
rise to mental image of one’s physical state, that in turn

Clinical Neuropsychiatry (2020) 17, 2
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Figure 2. Self-Other overlap and temporo-spatial alignment to the world through body and social relatedness
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provide the basis for subjective awareness of emotional
feeling and one’s self as “material me” (Craig, 2002,
2003, 2004, 2009, 2010, 2011).

From a psychological perspective, recent
investigations in psychodynamic psychology and
neurobiology suggest how the brain and the related
construction of the self depends from the interaction
with the animate environment (e.g. significant others)
that plays a crucial role in development of the sense of
self and relatedness with others (Trevarthen & Aitken,
2001; Schore, 2000; Mucci, 2017, 2018; Mucci,
Scalabrini & Northoff, 2018; Scalabrini et al., 2017).
The early growth and maturation of brain regions
involved in self and social development (Pfeifer &
Peake, 2012) is experience-dependent and requires
nurturing self-other interactions in the context of
attachment for developing the different characteristics
related to the construct of self, e.g., continuity,
constancy, regulation of cognitive and emotional states.
This process of relational internalization is enabled by
the human capacity for intersubjectivity, attunement,
empathy and the predisposition to joint meaning-
making and companionship, which are present
from birth (Trevarthen, 2001; Stern, 2000; Tronick,
2007; Lyons-Ruth, 2008). Both attachment and SR
processing (Northoff, 2011) enable the constitution and
differentiation between self and others: “Attachment
begins before any sense of self and before any sense of
object to attach to” (Brockman, 2002, p.90).

Recently, several studies investigating the
neurobiology of attachment in animals (Insel & Young,
2001) and humans using functional magnetic resonance
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imaging (fMRI; Lorberbaum et al., 2002; Bartels &
Zeki, 2004; Swain, Lorberbaum, Kose, & Strathearn,
2007; Strathearn, Li, Fonagy, & Montague, 2008;
Laurita, Hazan, & Spreng, 2017, 2018) showed how the
regions prevalently located in the CMS and limbic areas
(e.g. amygdala and hippocampus) are fundamentally
involved in the context of attachment and have an
impact on SR functions. Therefore we might assume
that the spontaneous activity of the brain and the SR are
experience-dependent, i.e., influenced by the individual
experience of the first encounter with the environment
(particularly the animate one, e.g. caregivers).
Supporting the connection between the relation
between the rest/self — other overlap and the role of
attachment we might consider the impact on brain and
mind of adverse childhood experiences (ACE). A recent
study by Nakao and colleagues (2013) show how ACEs
are associated neuronally with decreased functional
connectivity within the default mode network (DMN)
in the resting state. Moreover, they found a greater
deactivation of medial PFC during a self-oriented
task. Extending these findings Duncan and colleagues
(2015) showed how ACEs have long-term effects on
the structure and function of the brain. Alterations have
been noted in grey and white matter, in the brain’s
resting state, on the glutamatergic system, and on neural
and behavioural responses to aversive stimuli. These
findings highlight the impact of ACEs on multiple
inter-related brain systems. In particular, they highlight
the role of a prefrontal-insular-motor cortical network
in the processing and response to aversive stimuli and
its potential adaptability by ACEs. The enduring effect
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of early traumatization does not allow the connection
between the limbic areas and superior orbito-frontal
areas creating the dysfunctions typical of personality
and psychiatric pathologies, characterized by long-term
abuse and dysfunctional families (Felitti et al., 1998;
Mucci, 2013; Schore, 2012; Schimmenti & Caretti,
2016; Liotti, 2017; Scalabrini Cavicchioli, Fossati, &
Maffei, 2017).

What do these data tell us about existential fear? On
the deepest level of our existence, we are intrinsically
connected with the other — we constitute our self through
our intrinsic connection with the other. That very same
intrinsic connection to the other shapes our self through
what psychology describes as attachment. The data
show that early life events like traumatic childhood
events in our relation with others strongly shape our
self, leading to malfunctioning attachment and major
changes or deficits in the structure of self.

Even more interesting, early traumatic childhood
events leave their traces in the brain that can be followed
up even during adulthood. Those traces are left in
form of altered temporo-spatial dynamic in the brain’s
spontaneous activity like abnormal entropy (disorder)
or scale-free activity. Hence, though seemingly isolated
within the skull, our brain’s spontaneous activity is
intrinsically social and ecological, i.e., neuro-social
and neuro-ecological — that is the lesson brain imaging
studies on self and other as well as psychological
attachment studies can teach us. Most importantly, it
makes clear that the social disruption caused by the
Coronavirus-emergency touches us so deeply upon the
basis and fundament of our self and its existence — no
wonder that our self cannot react otherwise than with
existential fear as who would not be afraid if one’s
ground one stands on is pulled away? And who can
avoid the re-activation of earlier childhood trauma that,
remaining completely unconscious, was hidden deep in
the dark basements of the self?

3.3 The Self-Other Relationship — the role of
Emotional Feeling and the body

We showed how self and others are related with
cach other and how the development of the self is
experience dependent since the early stages of life from
the “animate” environment. How do we experience the
intrinsic relation between self and other being part of
the world. One of the main human characteristics is
that we experience emotional feelings, which are the
subjective experiences of emotions. For instance, the
neural activity in various subcortical regions of the
brain (e.g., the amygdala) has been associated with
specifically negative emotions such as sadness and
fear—and that very same region has also been observed
to be hyperactive in depression and anxiety. Positive
emotions such as happiness have been linked to other
subcortical regions (e.g., the striatum) that are closely
linked to reward.

Some authors (e.g., James, 1890; see Schachter
& Singer, 1962, for details) argue that emotions are
simply a class of feelings that must be distinguished
from mere sensation and proprioception by their
experience. Emotions can also be defined by their
objects, rather than by the feelings of the emotions. It
does not matter whether the object is real or virtual as
long as it is associated with specific emotions. In this
sense, the objects that elicit them define emotions.
However, in our perspective emotional feelings are then
at the very core of emotions, with emotions depending
on subjective feelings associated with them.
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Thus, do emotional feelings result from our brain’s
neuronal processes, the perception of the body’s
interoceptive stimuli, or from the exteroceptive stimuli
from the environment? Following Jaak Panksepp, the
father of Affective neuroscience (Panksepp, 1998a,
1998b, 2007a, 2007b, 2011a, 2011b), he assumes that
the neural activity in the first-order structures is already,
by itself, associated with emotional feelings. As soon
as the affective regions become active by, for instance,
processing the sensory input from the body and the motor
output to the body, emotional feelings are generated.
Subcortical regions such as the periaqueductal gray
are central here. They process the linkage between
sensory input from body and environment and at the
same time link it to motor functions. Emotional feelings
are assumed to result from such linkage between
bodily and environmental sensory input to the body’s
motor functions. This represents a system that was
conceptualized as “the core self” (Northoff & Panksepp,
2008), which is a central integrative neural system made
up of subcortical—cortical midline structures (SCMSs).

For Panksepp (1998a), any input from body and
world that is processed into the brain directly leads to
emotional feelings. Metaphorically we would say that
emotional feelings are the manifestation of our temporo-
spatial alignment and its underlying world-brain
relation (Northoff, 2018) in our consciousness. Due to
the neural overlap of emotion and self (see first part on
fear) and the deep-reaching neuro-ecological layers of
self, emotional feelings like fear and anxiety cannot
avoid being existential: they are experienced, i.c., felt
by the self and therefore signify our existence within
the world, our “Dasein” as the German philosopher
Martin Heidegger said at the beginning of the 20th
century. In short, emotional feelings cannot be detached
and dissociated from the world. They are not located
in the cognitive elaborations of our brain. Instead, they
signify the world—brain relation, and, more specifically,
our (or our self’s) relation to other persons (and their
selves).

3.4 Self and world — Collapse of their
relationship

When the basis of our self in its underlying the
world-brain relation is disrupted or even lost, non-
integration of internal and external stimuli might occur
in order to avoid the painful experience of existential
fear - this process might result in dissociation at different
levels (see Scalabrini et al., 2020). More specifically,
the desaggreation of intero-exteroceptive function on
the basis of impaired spatiotemporal integration leads
to alterations in embodiment and, even further, the
disruption of our self’s relationship with the world and
its environmental context. This failure of integration can
thus be seen as a disconnection that induces an instant
collapse of both subjectivity and intersubjectivity
(Scalabrini et al. 2020; Schimmenti & Sar, 2019).

Let us start with the collapse of self and its
subjectivity. Such disruptions of embodiment and first-
person perspective are well reflected in trauma related
disorders. Stressful stimuli, especially those associated
with painful emotional effects, are thus not experienced
in consciousness, and they are associated with what
Bromberg (2014) terms “not-me” self-states. At the
same time, intero-exteroceptive desaggregation leads
to disruption of the self’s temporo-spatial alignment
to the world. If the world’s exteroceptive stimuli can
no longer be integrated with the body’s interoceptive
stimuli, the self becomes decupled and thus dissociated
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Figure 3: Existential anxiety leading disruption of subjectivity and intersubjectivity. The threats of COVID-19
trigger an existential anxiety feeling resulting in a collapse of the relation between world, body and brain.
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from the world. That ultimately leads to the collapse
of inter-subjectivity and the self’s neuro-ecological
relation to its world. This can be well observed in
dissociative states where either parts of the own body,
indexing the collapse of the subjectivity, and/or parts
of the environmental context, signifying the collapse of
inter-subjectivity, can be observed.

Conclusions

The threat of the coronavirus presents us with a
double threat — collapse of our subjectivity as due to
the risk of our body being infected and collapse of
our inter-subjectivity as by social isolation of our self
from others. The double threat of both subjectivity and
inter-subjectivity provides a depth dimension to our
emotions including our fears and anxieties resulting
in existential fear. Such intimate connection of fear,
self, and existence, is due to the way our brain and its
spontaneous activity are organized, that is, it stabilizes
itself by aligning to body and world in very much the
same way we stabilize our movements during dancing
by aligning to the rhythm of the music. That very same
alignment of our brain to body and world, i.e., temporo-
spatial alignment is threatened if not disrupted by the
corona virus crisis — in the same, one dances erratically
when being detached from the music’s rhythms, we
become existentially threatened and erratic when the
brain’s and ultimately our self’s temporo-spatial neuro-
ecological alignment to the world are threatened by
both the virus and the defense measures of physical and
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social distancing.

Nowadays reading life on the basis of daily
confrontation with the death and connected existential
fears is at the same time the threat and the value of
this time. Loss of subjectivity is manifest in our loss
of body and thus the fear of dying, while the loss of
intersubjectivity surfaces in our fear of infecting others
and thereby losing a key component of our relation and
alignment to the world, that is, ultimately, the others
and thereby our self. In those instances, one would wish
that our brain would operate differently. However, that
is a hope doomed to fail as we, through our existential
fears, pay the price for the virtues of our brain as it lets
us experience our own self in synchrony with and being

aligned to others and the wider world.
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