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Price tag for 
surveillance, 
defense and 

repair?

The United States =

highest military spending in 2022, 
with

877 billion U.S. dollars dedicated 
to the military.

3.5% of the U.S.’ GDP = dedicated 
to the military



Price tag for defense and repair?



The immune system

In the late nineteenth and early twentieth centuries, a notable 
group of scientists led by Louis Pasteur, Paul Erhlich, Elie 
Metchnikoff, Jules Bordet y Emil A. Von Behring described a 
novel system whose function was to defend the body from 
attacks

The history of the idea of allergy, 

J. M. Igea, 2013

Shutterstock Image



Spoiler Alert:
THE THING IS, THE IMMUNE SYSTEM 

IS VERY COMPLICATED. 



There’s a joke about immunology, which Jessica Metcalf  

of  Princeton recently told me.

An immunologist and a cardiologist are kidnapped. 

The kidnappers threaten to shoot one of  them, but promise 

to spare whoever has made the greater contribution to 

humanity. 

The cardiologist says, “Well, I’ve identified drugs that have 

saved the lives of  millions of  people.” 

Impressed, the kidnappers turn to the immunologist. “What 

have you done?” they ask. 

The immunologist says, “The thing is, the immune system is 

very complicated …” 

And the cardiologist says, “Just shoot me now.”





Immunology 1010
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The immunity provided by 

this system entailed an 

absolute protection against 

a noxious agent, or at least 

the occurrence of some 

process strictly 

advantageous to the host. 



Nobody could imagine 

then that [the immune 

system] could harm 

the host it protects.
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ME/CFS, Long CoVID:

An Allergist/Immunologist perspective

ME/CFS

Fatigue
Neuro-

cognitive 
Impairment

Dys-
proprioception 

Immune 
Dysregulation

Post-
Exertional 

Malaise

Sleep 
Dysregulation

Orthostatic 
Intolerance



ME/CFS

Fatigue
Neuro-

cognitive 
Impairment

Dys-
proprioception 

Immune 
Dysregulation

Post-
Exertional 

Malaise

Sleep 
Dysregulation

Orthostatic 
Intolerance



ME/CFS

Fatigue
Neuro-

cognitive 
Impairment

Dys-
proprioception 

Immune 
Dysregulation

Post-
Exertional 

Malaise

Sleep 
Dysregulation

Orthostatic 
Intolerance

INTERACTOME



The Interactome:  

The nervous and the immune systems as 

surveillance and 1st responders

INTERACTOME
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The nervous and the immune 

systems both protect and warn 

individuals of local and systemic 

threats by virtue of many shared 

functions, including sensing the 

presence of pathogens as well 

as injured and dying cells. Mast
Cell
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Nerve

Blood
Vessel

Cytokines
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Abstract

The immune system defends the body from infectious and non-infectious

threats. Distinct recognition strategies have evolved to generate antigen-specific

immunity against pathogens or toxins versus antigen-independent tissue repair.

Structural recognition, or the sensing of conserved motifs, guides the immune

response to viruses, bacteria, fungi, and unicellular parasites. Functional

recognition, which is sensing that is based on the activities of an input, guides

antigen-independent tissue healing and antigen-specific Type 2 immunity to

toxins, allergens, and helminth parasites. Damage-associated molecular patterns

(DAMPs), released from damaged and dying cells, permit functional

recognition by immune cells. However, the DAMP paradigm alone does not

explain how functional recognition can lead to such disparate immune

responses, namely wound healing and Type 2 immunity. Recent work

established that sensory neurons release neuropeptides in response to a variety

of toxins and allergens. These neuropeptides act on local innate immune cells,

stimulating or inhibiting their activities. By integrating our knowledge on

DAMP function with new information on the role of neuropeptides in innate

immune activation in Type 2 immunity, we describe a decision tree model of

functional recognition. In this model, neuropeptides complement or antagonize

DAMPs to guide the development of antigen-specific Type 2 immunity

through the activation of innate immune cells. We discuss why this decision

tree system evolved and its implications to allergic diseases.

INTRODUCTION

The immune system evolved to combat pathogens, clear

toxins and heal wounds. To do this, a network of innate

immune cells such as macrophages, mast cells, innate

lymphoid cells and dendritic cells rapidly detect these

threats and initiate the proper inflammatory and tissue

repair pathways to protect the host from harm. The type

of threat encountered defines the immune response and

innate immune cells activated. In general, Type 1

immune responses protect against intracellular bacteria or

viral pathogens. Type 2 immune responses defend against

toxins and multicellular helminth parasites, and are

thought to be unintentionally triggered by allergens,

which are non-infectious substances encountered in the

environment. Type 3 immune responses guard against

extracellular bacteria and fungi. Long lasting immune

protection requires innate activation of the adaptive

immune response, marked by the generation of antigen-

specific T and B cells capable of specific pathogen and

toxin clearance. Antigen-specific Type 1 and Type 3

immune responses are characterized by T helper type 1

(Th1) and Th17 cells, respectively, and B cells producing

immunoglobulin (Ig)G subclasses associated with

macrophage and complement activation. In contrast,

antigen-specific Type 2 immune responses are

characterized by Th2 cells and B cells producing IgE that

can help to mediate mast cell and basophil degranulation.

The combination of innate and adaptive immune

mechanisms drives pathogen or toxin clearance and a

return to homeostasis. But not all threats require adaptive

immune activation. The wound response requires innate
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Ø Receptors = endogenous molecules (alarmins)

Ø Pathogen Receptors
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Mast Cells:

Surveillance. Response. 

Repair.

Ø Receptors = endogenous molecules (alarmins)

Ø Pathogen Receptors



Mast Cells:

Surveillance. Response. 

Repair.



• Nerves and mast 

cells (MCs) are 

closely associated 

with the epithelium.

• Nerve-MCs are 

located at sites of 

microbial entry into 

the host

• Nerve-MCs tend to 

cluster near blood 

vessels
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Is the neuro-immune system not turning off?



Physical Urticarias: 

Direct

Bi-directional 

Mast Cell-Nerve 

Crosstalk



Possible Causes of ME/ 

CFS:

Infections 

Immune System Changes 

Stress (Neuroendocine 

/Metabolic Changes/ Energy 

Production) 





Myalgic Encephalomyelitis and Chronic Fatigue Syndrome

• severe and disabling fatigue 
that fails to improve with 
rest; 

• multifocal pain

• sleep disruption

• cognitive dysfunction

• mild exertion can 
exacerbate symptoms

• Viral infection is an 
established trigger for the 
onset of ME/CFS symptoms



…mounting evidence suggesting that ME/CFS may be characterized by a 
significant imbalance in [neuroimmune] function and that this 
imbalance may be perpetuated by an altered homeostatic response 



ME/CFS: Neuro- Immune System Changes

• Chronic production of cytokines (cytokines are 
proteins that are produced by the immune system 
and regulate behavior of other cells). Higher levels of 
cytokines for a prolonged period can lead to changes 
in the body’s ability to respond to stress and might 
lead to the development of health conditions, 
including ME/CFS.

• Low-functioning natural killer (NK) cells. NK cells are 
cells of the immune system that help the body fight 
infections. Many patients with ME/CFS have NK cells 
with lower functional ability to fight infections. 
Studies have found that the poorer the function of 
NK cells in ME/CFS patients, the worse the severity 
of the illness. NK cell function tests are hard to do
and their results are not reliable outside of research 
studies. Because of this problem, NK cell function 
testing is not yet useful for healthcare providers. 
Also, low NK cell function can occur in other illnesses 
and thus cannot be used to diagnose ME/CFS.

• Differences in markers of T-cell activation. T-cells 
are cells of the immune system that help activate 
and suppress immune responses to infections. If 
they become too active or not active enough, the 
immune response does not work as it should. 
However, not all patients with ME/CFS appear to 
have these differences in markers of T-cell activation.
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Long CoVID: 

The Next Chapter in the COVID-19 Pandemic
The American Society of Microbiology, 2022

Neuroimmune System





Long CoVID/ ME- CFS



ME/CFS: Neuro- Immune System Changes

• Chronic production of cytokines (cytokines are 
proteins that are produced by the immune system 
and regulate behavior of other cells). Higher levels of 
cytokines for a prolonged period can lead to changes 
in the body’s ability to respond to stress and might 
lead to the development of health conditions, 
including ME/CFS.

• Low-functioning natural killer (NK) cells. NK cells are 
cells of the immune system that help the body fight 
infections. Many patients with ME/CFS have NK cells 
with lower functional ability to fight infections. 
Studies have found that the poorer the function of 
NK cells in ME/CFS patients, the worse the severity 
of the illness. NK cell function tests are hard to do
and their results are not reliable outside of research 
studies. Because of this problem, NK cell function 
testing is not yet useful for healthcare providers. 
Also, low NK cell function can occur in other illnesses 
and thus cannot be used to diagnose ME/CFS.

• Differences in markers of T-cell activation. T-cells 
are cells of the immune system that help activate 
and suppress immune responses to infections. If 
they become too active or not active enough, the 
immune response does not work as it should. 
However, not all patients with ME/CFS appear to 
have these differences in markers of T-cell activation.

ME/CFS

Fatigue
Neuro-

cognitive 
Impairment

Dys-
proprioception 

Immune 
Dysregulation

Post-
Exertional 

Malaise

Sleep 
Dysregulation

Orthostatic 
Intolerance



Mast
Cell

Epithelium

Nerve

Blood
Vessel

Cytokines



If you have

ME/CFS, Long CoVID, then screen for

Mast Cell Activation 

Disease 







Got ‘Nerve-MC issues’?

questionnaire



Intrinsic
Endotypes

Extrinsic
Endotypes



• Some food 
(wheat/gluten, 
peanuts, eggs, nuts 
and shellfish, milk*, 
egg*, soy*)

• Medications
• Airbone Allergens 
• Insect stings or bites

• Autoimmune 
Disorders

• Infections 

• Physical stimuli, such 
as pressure, cold, 
heat, exercise or sun 
exposure

Rheumatology Panel
ANA, RF, ANCA, Thyroid 

Abs
Neuonal Abs

PIDD evaluation

Allergen 
testingAllergen testing

Celiac Panel
EGD/

Colonoscopy

PIDD 
evaluation 

Primary 
Immune 

Deficiency 
Disorder

Connective Tissue 
Disorder EDS Screen

If 5 of 9 are present with a sensitivity of 99.6% and a 
specificity of 98% there is a form of EDS present:

• Peri-arthralgia (more then 1 joint more then 3 
months)

• Fatigue (chronic, disabling more then 6 months) 

• motor dysproprioception (the door sign)

• joint instability (subluxations, dislocations often 
autoreducing)

• skin fragility (atrophic scarring, delayed wound 
healing) 

• Hypermobility (pos Beighton / 5 point historic 
questionnaire / pos glomerulo-humeral 
abduction above 95 degrees ), 

• gastro-esophageal reflux (treated) 

• Ecchymosis (spontaneous)

• Hyperacusis (fragility to sounds below 50 
decibel)

 Hamonet C., et al. “Ehlers-Danlos Syndrome (EDS) - Contribution to 
Clinical Diagnosis - A Prospective Study of 853 Patients”. EC Neurology 
10.6 (2018).



Treating MCAD…
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Traditional Chinese medicine for food allergy and eczema 
Zixi Wang, Zhen-Zhen Wang, Jan Geliebter, Raj Tiwari, Xiu-Min Li

Ann Allergy Asthma Immunol 126 (2021) 639e654



”[ME-CFS] is complex 
and considered to be 
currently incurable” if 
one adopts an all or 
nothing approach to 
ME-CFS” 
– Bateman, Medscape 2018



ME/CFS and M.A.D. =

The Neuroimmune Axis 

Gone Awry
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Gratitude
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Tissue

Autonomic 
Nervous 
System

Mast Cells

 Dr. Xiu-Min Li and her 

laboratory and 

colleagues

 Comprehensive Allergy & 

Asthma Care

 Clinical Paradigms, LLC, 

Drs. Brock and Pizano

 Ehlers Danlos Society

 Bobby Jones Chiari 

Syringomyelia Society

 Mt Sinai- South Nassau 

Hospital- Chiari/EDS 

center



https://www.nationalacademies.org/our-
work/selected-heritable-disorders-of-connective-
tissue-and-disability

Mast Cell Activation Disease Society

tmsforacure.org
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