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Abstract: The underlying pathologies driving post-acute infectious syndromes (e.g. myalgic en-
cephalomyelitis / chronic fatigue syndrome, long COVID, etc) remain poorly understood. Given the
extreme burden these illnesses impose on suffers, and the dramatic increase in cases following the
COVID-19 pandemic, it is important to establish a deeper understanding of these pathologies. We
propose a model of how ME/CEFS (and related illnesses), might emerge following a viral insult. Central
to this hypothesis is the recognition that the core diagnostic features of ME/CFS involve bodily systems
known to be governed by the brainstem. This is consistent with the growing literature suggesting
that spinal and craniocervical pathologies are over-represented in people with ME/CFS and other
post-infectious disorders. We hypothesize that a non-trivial number of cases of ME/CFS and Long
Covid (LC) may have a “mechanical basis." We propose that an infectious insult may trigger an initial
loss of connective tissue integrity in susceptible individuals (e.g. those with pre-existing hypermobility
spectrum disorders), which in turn leads to instability at the craniocervical junction, and ultimately
mechanical deformation of the brainstem. This ultimately causes widespread autonomic nervous
system and immune system dysfunction due to aberrant signaling from the deformed nuclei. This
causal chain may also lead to a vicious cycle: if the dysregulation produced by the initial brainstem
deformation leads to a deranged immune response or state of chronic hyper-inflammation, further
expression of connective tissue degrading and remodeling factors such as MMPs and mast cells may
be triggered. This could further degrade the connective tissues of the craniocervical junction and, in
turn, increase mechanical deformation of the brainstem, leading to symptom exacerbation over time
and leading to the chronic, lifelong presentation typical of ME/CEFS.

Keywords: ME/CFS; long COVID; Chronic pain; Chronic illness; brainstem; immune system;
peripheral nervous system

Introduction

Myalgic encephalomyelitis (also known as chronic fatigue syndrome, or ME/CFS to encompass
both) is a debilitating illness typified by extreme, life-altering fatigue, profound exertion intolerance,
chronic muscle and neurological pain, and sustained disability. ME/CFS frequently has a post-viral
onset, with an estimated 75% of cases emerging after an acute infection [1]. The condition is usually
lifelong, with an estimated recovery rate of less than 10% [2]. There are currently no FDA-approved
therapies or medications to treat the disease. Quality of life estimates among people with ME/CFS
are uniformly dismal [3], with ME/CFS sufferers having lower quality of life than almost any other
disease.

The study of post-viral conditions, including ME/CFS, has taken on considerable urgency in the
aftermath of the COVID-19 global pandemic. A sizable fraction of individuals who survive acute
cases of COVID-19 will develop persistent, long-term symptoms, colloquially known as “long COVID"
(LC) [4]. Comparative analyses of LC and ME/CFS have found that as many as half of all LC cases
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meet diagnostic criteria for ME/CFS [5]. Prior to 2020, it was estimated that there were between 1.5-3
million individuals with ME/CFS in the United States [6]. Following the COVID-19 pandemic, revised
estimates put the new number of cases between 5-9 million [7], reflecting an economic cost of as much
as $362 billion dollars annually, and an incalculable amount of human suffering.

While the term “myalgic encephalomylitis" was first coined in 1956 [8], the scientific community
has not coalesced around a single model of the disease. Instead, different approaches have proliferated,
largely in parallel, creating a complex picture of competing theories. These include, but are not
limited to: chronic viral persistence [9], autoimmunity [10], neuroglial dysfunction [11], vascular and
endothelial dysfunction [12], metabolic dysfunction [13], and the largely discredited “functional” or
psychosomatic hypothesis [14]. Here, we propose a complementary perspective: The multi-systemic
pathologies observed in ME/CFS result from a dysfunctional upstream “central regulator” that
influences multiple systems simultaneously. We propose that the brainstem is the most likely candidate.
Further, we propose that in at least some people with ME/CFS, the mechanism of dysfunction may be
due to acquired deformation of the brainstem. This central dysfunction then propagates to the rest of
the body, likely via vagal signaling, prompting a cascade of dysfunction that results in the diverse and
multi-systemic presentation ME/CFS and LC.

Systemic Pathology Suggests a Central Dysfunction

While several different diagnostic criteria for ME/CFS have been proposed over the years, almost
all require dysfunction in diverse physiological systems. For example, the Canadian Consensus Criteria
(CCCQ) [15] requires all of the following core symptoms: severe fatigue, post-exertional malaise (PEM,
sometimes referred to as post-exertional neuro-immune exhaustion [16]), sleep dysfunction, pain,
neurological or cognitive dysfunction, and dysfunction of autonomic, neuroendocrine, or immune
systems. The Institute of Medicine (IOM) criteria [8] are similar, requiring a core presentation of the
following: sustained, disabling fatigue and post-exertional malaise (including in response to sensory
stimulation), as well as sleep dysfunction, and at least one of the following: cognitive impairment
and/or orthostatic intolerance. The IOM also lists (but does not require): muscular and neurological
pain, immunological symptoms such as inflammation, sore throat, and new-onset allergies, and sensory
sensitivities.

The question of how a singular event, typically a viral infection, [1] could result in such widespread
and comprehensive dysfunction is one of the great mysteries of ME/CFS. Here we propose that
dysfunction in the brainstem is the most likely source, as the brainstem serves as something of a
“master regulator” of diverse physiological systems.

The Brainstem in ME/CFS

Many core features of ME/CFS have been connected to the brainstem, for example, the brainstem
has been found to be involved in regulating the sleep/wake cycle and arousal, pain processing and
nocioception, inflammation and peripheral immune response, and the autonomic nervous system.
Disruption of these systems would account for the cure symptoms required for an ME/CFS diagnosis.

There has been limited direct research into brainstem pathology in ME/CFS, in part due to the
brainstem’s inaccessible location. A review of non-invasive neuroimaging studies reports reduced
white matter volume, as well as impairments in myelination, in ME/CFS compared to healthy con-
trols [17]. Structural MRI scans have shown that whole brainstem volume was larger in ME/CFS
and Long COVID patients [18], possibly reflecting inflammation, edema, or deformation. Reduced
brainstem perfusion has also been reported [19]. Functional MRI studies have shown similar patterns,
with reductions in signal propagation in the brainstem during a Stroop task being associated with
more severe symptoms [20]. Autopsies of brain tissue from people who died with, or of, ME/CFES have
found signs of brainstem involvement, including localized and high levels of enterovirus RNA. [21].

Perhaps the most compelling evidence that at least a subset of ME/CFS cases are directly caused
by brainstem deformation come from a set of well-documented case studies. The first is the case of JW
(who is an author on this paper), who describes his experience on a personal website [22]. Following an
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acute infection with an unknown virus, JW developed debilitating ME /CFS, which left him bedridden
for years. JW discovered that cervical spine traction caused a profoundly reduction in symptoms,
including peripheral autonomic dysfunction. He was subsequently diagnosed with craniocervical
instability. Following a successful skull-to-C2 spinal fusion, and then a tethered spinal cord surgery six
months later, JW experienced sustained, total remission from ME/CFS. The second case, JB [23], has
also documented her experiences online. Her case follows a nearly identical trajectory to JW’s.

In both cases, the fundamental etiology of the ME/CFS was found to be reversible deformation of
the brainstem. This was apparently triggered by a loss of structural integrity of the craniocervical junc-
tion, due to acquired instability of the craniocervical ligaments and joints. The brainstem deformation
prompted a cascade of subsequent energetic, sensory, and immunological effects that manifested as
severe ME/CFS. Once this deformation was corrected, via traction or surgical intervention, normal
brainstem function was apparently restored.

The question of how representative these case studies are of the broader ME/CFS and LC
patient population remains unknown and requires further study. Craniocervical instability is one
of several conditions that can cause mechanical deformation of neural tissue. Cervical stenosis is
another such condition, with complete ME/CFS remissions are consistent with published case studies
of improvement from severe ME/CFS following spinal surgery to correct cervical stenosis in three
patients [24]. In any given patient with ME/CFS or LC, there may be multiple possibilities to consider,
as evidenced by the growing literature linking ME/CFS to idiopathic intracranial hypertension (IIH).

Intracranial Hypertension in ME/CFS

There is emerging evidence that ME/CFS may be related to an increase in cerebrospinal fluid
(CSF, not to be confused with “CFS”). In a large study [25] of 205 volunteers with ME/CEFS, 55% were
found to have indicators of IIH (as evidenced by inflated optic-nerve sheath diameter) and 83% signs
of possible IIH. The same study found that, of 125 volunteers who received MRIs, 80% had some kind
of obstruction to the cervical spine. An earlier study [26] of 20 patients with ME/CFS who received
lumbar punctures, 25% were found to have diagnosable IIH, and 85% (including all five of the IIH
individuals) reported symptomatic relief associated with cerebral-spinal fluid drainage. The same
research group also reported a case study [27] of a woman who had suffered from ME/CEFS for many
years and reported “life-changing” remission following the placement of bilateral venous stents that
allowed CSF to drain. Collectively, these results suggest that a sizable proportion of people with
ME/CFS may have a mechanical disruption to the basal brain, either in the form of CCI, IIH, or both.

While the suggestion of a direct link between IIH and ME/CFS is relatively new, it has long
been recognized that ITH can produce symptoms that overlap with ME/CFS, including pain, sleep
disturbances, light and sound sensitivity, and fatigue [28], and that sustained intracranial hypertension
can cause mechanical deformation and herniation of brain tissue and the cranial nerves [29].

Other Pathologies that Mechanically Deform the Brainstem.

Various neuroanatomical pathologies can exert brainstem deformative stress, and these patholo-
gies are commonly associated with heritable connective tissue disorders [30] (a common co-morbidity
with ME/CEFS). Craniocervical instability (CCI, mentioned above), typified by pathological motion of
the craniocervical junction, can lead to brainstem deformative stress [31]. Other pathologies include
Chiari malformation (CM), tethered cord syndrome (TCS), and intracranial pressure disorders (also
discussed above). CM is characterized by the herniation of cerebellar tissue into the foramen mag-
num [32] resulting in cerebellar and brainstem deformation [33] and disturbances in CSF flow. TCS is
characterized by the pathological anchoring of the spinal cord’s distal terminus to the spinal canal,
resulting in an inelastic tether that constraints the mobility of the spinal cord [34]. Intracranial pressure
abnormalities, both hypertensive and hypotensive, can also impact brainstem positioning [35].

Structural issues may also be induced by physical trauma. There are numerous symptomatic
overlaps between post-concussion syndrome patients and ME/CFS patients: concussion patients
often present with persistent fatigue and autonomic disturbances [36]. One study found that patients
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with whiplash injuries demonstrated an increased prevalence of symptomatic Chiari Malformation
presentations [37]. Multiple case studies have identified Chiari malformation as a possible sequela of
motor vehicle accidents [38].

Brainstem Nuclei and Systemic Immune Regulation

What is the mechanism by which brainstem deformation might trigger the widespread, systemic
dysregulation seen in ME/CFS? A recent study [39] found that the caudal nucleus of the solitary tract
(cNST) played a key role in regulating systemic inflammatory response: silencing the cNST caused
a significant increase in production and circulation of pro-inflammatory cytokines and a reduction
in anti-inflammatory ones. The effect was also reversible: activation of the cNST prompted a global
calming of immune activity, suppression of inflammatory cytokine production, and an increase in
anti-inflammatory signaling. The authors conclude that the cNST appears to serve as the regulator of a
body-brain circuit that regulates global levels of immune activity.

Inflammation, particularly neuroinflammation, has long thought to be a key feature of ME/CFS
pathophysiology. Studies have found that levels of inflammation and inflammatory cytokine pro-
duction correlate with the severity of symptoms in ME/CFS [40,41] and inflammation a promising
biomarker for long COVID as well [42,43]. If the cNST and other brainstem nuclei are damaged or
deformed, the result may be a chronic suppression of activity in those regions, leading to an indefinitely
extended state of hyper-inflammation. The anatomy and connectivity of the cNST also suggests rele-
vance for other common features of ME/CEFS: as part of the dorsal vagal complex, the ctNST receives
direct inputs from both the peripheral nervous system via the ascending vagus nerve, as well as
descending inputs from central nervous systems including the hypothalamus. Dysregulation of the
autonomic nervous system implicating vagal dysfunction is a very common feature of ME/CFS [44].

Connective Tissue Disorder as an Underlying Risk Factor

If the above hypotheses hold and ME/CFS is, at least in some cases, sequelae to a physical injury
of the basal brain, then we must ask: By what mechanism might occur following an infection with a
virus like COVID-19? One possible mechanism is via damage to connective tissue triggered by the
immune response to acute infection.

It has long been recognized that connective tissue disorders, such as hypermobile Ehlers- Danlos
syndrome (hEDS), have a significant comorbidity with ME/CFS [25], and further, the degree of
hypermobility often correlates with symptom burden. Hypermobility has also been found to be a risk
for long COVID [45]. This suggests that impaired connective tissue integrity increases the baseline risk
and severity of these diseases.

There is evidence that viral and bacterial infections may be associated with new-onset or wors-
ening connective tissue disorders. Two studies reported increased rates of autoimmune connective
tissue disorders emerging in the aftermath of the Covid-19 pandemic [46,47]. Other viruses, such
as the Epstein-Barr Virus (EBV) have also been linked to new-onset autoimmune connective tissue
disorders [48], suggesting that the phenomenon of post-viral, new-onset connective tissue pathologies
may be a more general phenomenon. Interestingly, a case study reported a woman whose infection
with Bartonella worsened her degree of hypermobility, which resolved following successful treatment
with antibiotics [49].

The acute immune response to infection involves degradation and remodeling of connective
tissue throughout the body, typically through the expression of matrix metalloproteinases (MMPs).
These enzymes act to degrade collagen, elastin, and other connective proteins, as well as regulating
inflammatory processes and cytokine expression [50]. Curiously, studies of people with hypermobile
connective tissue disorders have also found evidence of MMP overproduction, reinforcing the link
between immune-mediated loss of connective tissue integrity and post-viral illness [51]. Mast cell
activation, which is very commonly dysregulated in ME/CFS [12], can also degrade the connective
tissue matrix, both through direct release of tryptase enzymes, and via induction of further MPP
production [52,53].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.0874.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 June 2025

The Model

Connective
tissue degradation

More MMPs, MCAS, etc.

/‘ Va

Reactivation of dormant viruses

sfunctio™

T1EN

Brainstemn deformation

%® gy

(7 o

Hyperinflammation

Silencing or damaging areas related
to autonomic and immune response

Figure 1. The basic model, highlighting the potential for feedback loops that further reinforce the initial insult.
Mechancial deformation of the brainstem could be triggered by heredetary connective tissue disorders, physical
trauma, or acute infection (mediated by connective tissue degradation as part of the normal immune response).
This deformation alters brainstem signaling in key regions such as the cNST, which triggers a state of chronic
hyperinflammation, leading to further expression of connective-tissue degrading factors, mast cell activation
disorders, and latent viral reactivation, which further reinforce the loop.

Our proposed process begins 1) an infection, such as COVID-19, EBV, etc. 2) The immune response
to this infection triggers the normal porcesses of widespread degradation of connective tissue. 3) In
a subset of people, this degradation of connective tissue becomes excessive, whether due to a pre-
existing lack of tissue integrity, a genetic predisposition, or the specific infectious agent. 4) The loss of
connective tissue integrity leads to mechanical deformation of the brainstem by way of neuroantomical
pathologies such as CCI, Chiari malformation, intracranial pressure dysregulation, etc., which 5)
prompts central regulators to begin sending aberrant signals to the peripheral nervous system via the
vagus nerve. 6) Widespread hyperinflammation results in continued degradation of connective tissue
or prevents it from healing normally. 7) Over time, this chronic, hyper-inflammatory state produces
increasingly profound dysregulation as second-order effects accumulate. These may include typical
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features of ME/CFS such as reactivation of latent viruses, endothelial dysfunction, etc. The longer
these positive feedback loops persist, the more second- and third-order effects can damage or derange
the global physiology.

This mechanical basis model suggests a number of readily testable predictions that can be tested
both in the clinic and in pre-clinical studies. Continuing epidemiological work on the overlap between
brainstem conditions in the vein of [25] will help solidify our understanding of the correlation between
these two different conditions. Studies into the effect of acute infection on the structural integrity of
connectivity tissue, particular in those with pre-existing connective tissue disorders, can test specific
mechanistic steps in this model. Pre-clinical studies of whether tonic brainstem-induced systemic
inflammation (as in [39]) produces connective tissue remodeling or Ehlers-Danlos-like phenotypes can
also probe the link between brainstem function, immune function, and connective tissue structural
integrity. Finally, clinical trials of cranio-cervical traction (which helped diagnose JW and ]B) or
medications that reduce intracranial hypertension (such as acetazolamide) may provide insight into
clinically accessible interventions for a family of diseases with almost no existing treatments.

An appealing feature of the mechanical basis hypothesis is that it can be harmonized with other
developing theories. For example, both the itaconate shunt hypothesis (ISH) [54] and the cell danger
response hypothesis [55] propose that post-acute infection syndromes emerge when cells get “stuck”
in metabolic states that reduce energy production in response to infection. These hypometabolic states
may be adaptive in response to short-term, acute infection, but become disabling when chronic. While
promising, both theories are (currently) agnostic as to why the cells become “stuck”. The mechanical
basis provides a plausible solution: the cells never receive the “safety" signal, as the immune system is
trapped in a hyperinflammatory global state, constantly producing danger signals.

Conclusion

In summary, we have proposed a model of how post-acute infection syndromes (ME/CFS, Long
COVID, etc) can emerge following immunological insult, explains the high degree of co-morbidity
between them and connective tissue disorders, and parsimoniously explains the global, systemic
nature of the symptom profile. The mechanical basis model is consistent with other emerging, cell-
and molecular-level hypotheses and makes testable predictions at the clinical, pre-clinical, and basic-
research levels. Finally, the hypothesis itself is “modular” in the sense that different etiologies may
lead to the same underlying brainstem dysfunction: such as cranio-cervical instability, intracranial
hyptertension, or other possible etiologies that can impact the brainstem. Our hope is that this will
inspire new avenues of research, and ultimately life-changing treatments, for patients suffering from a
long-neglected, disabling disease.

Acknowledgments: The authors received no specific funding for this work. We would like to thank the large
number of patients living with ME/CFS who have been discussing all of these issues in incredible detail for years:
they have been pushing this work forward for years.
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