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ABSTRACT 
This paper is the first in a series of three case-controlled reviews of 

neurological disorders in pediatric medicine. It examines the 

pathophysiology, diagnostic markers, and clinical features of Chronic 

Inflammatory Response Syndrome (CIRS) through molecular immunology, 

functional transcriptomics, neuroimaging, and biomarker integration, with 

a focus on children with special needs. Clinical observations by the lead 

author highlight recurring similarities that warrant closer investigation of 

the neuroimmune inflammatory mechanisms underlying overlapping 

symptoms in autism spectrum disorder (ASD). Identifying and treating CIRS 

may be a critical step toward improved prognosis, with sustained gains 

and symptom alleviation in treatment-resistant populations. This review 

underscores the concept that ASD, and CIRS represent subsets within a 

shared paradigm of neuroinflammatory and immune-mediated disorders 

affecting human health worldwide. These conditions may be considered 

indistinguishable across populations due to overlapping neurological, 

immunological, and biochemical features. 
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Acronyms 
ADH : Antidiuretic hormone 
AKT : Protein kinase B; serine/threonine kinase 1 
AQP4 : Aquaporin 4 
ASD : Autism Spectrum Disorder 
BAFF : TNF ligand, B cell activator 
CIRS : Chronic Inflammatory Response Syndrome 
GENIE : Gene Activation: Inflammation Explained 
HIF1A : Hypoxia inducible factor 1A 
HMOX1 : Heme oxidase 1 
HPA : Hypothalamic pituitary axis 
IL-1B : Interleukin-1beta 
IL6 : Interleukin-6 
Il-17 : Interleukin-17 
1L-22 : Interleukin-22 
LPS : Lipopolysaccharide 
MAPK : Mitogen associated protein kinase 
MBL : Mannose binding lectin 
MMP9 : Matrix associated proteinase-9 
MSH : Melanocyte stimulating hormone 
RELA : NFKB sub unit 1 
ROR : Retinoic acid orphan receptor 
SOD2 : Superoxide dismutase 2 

TGF beta-1, TGF-β1: Transforming growth factor beta-1 

TLR2/TLR4: Toll receptors 2, 4 
TNF : Tumor necrosis factor 
Treg : T regulatory cells  
VEGF : Vascular epithelial growth factor 
VIPR1 : Vasoactive intestinal polypeptide receptor-1 
WDB : Water-damaged buildings  
 

Introduction 
Chronic Inflammatory Response Syndrome (CIRS) is a 
biotoxin-induced, multi-symptom, multisystem 
inflammatory disorder that arises in genetically 
susceptible individuals following exposure to toxigenic 
and/or inflammagenic microbial compounds, including, 
but not limited to mycotoxins, Actinobacteria, beta 
glucans, and endotoxins. Although originally 
characterized in adults exposed to water-damaged 
buildings (WDB)36, it is now increasingly recognized in 
pediatric populations presenting with complex, 
multisystem symptoms that often are not recognized by 
conventional diagnostic frameworks 1,2. 
 
Emphasis is placed on advanced diagnostic platforms 
such as the GENIE transcriptomic assay and NeuroQuant 
volumetric MRI, which provide objective insights into the 
molecular and structural signatures of environmentally-
acquired neuroimmune dysfunction. Drawing upon peer-
reviewed literature and clinical principles of the CIRS 
Protocol, this work aims to articulate a rigorous, systems-
based understanding of CIRS as a discrete and 
underrecognized pediatric neuroimmune condition. This 
delineation has implications for diagnostic accuracy, 
therapeutic targeting, and the development of precision 
medicine frameworks in patients with chronic, 
unexplained multisystem illness. 
 
The neuroimmune and inflammatory mechanisms of CIRS, 
including cytokine dysregulation, microglial activation, 
and blood-brain barrier compromise, overlap with 
pathophysiological processes observed in both ASD. 
Clinically, children with CIRS may present with behavioral 

regression, obsessive-compulsive features, sensory 
processing disturbances, and episodic flares like those 
seen in supporting the concept that CIRS represents a 
viable environmental and immunological contributor to 
these neurodevelopmental and autoimmune-mediated 
disorders. 
 
We are presenting three articles, exploring a paradigm 
shift in the approach to complex, multifactorial 
neurological impairments in children with autism spectrum 
disorders in Part-1 and Part-2, and Part-3 focusing on 
treatment utilizing alternative and herbal options. We 
will present evidence that supports the conclusion that all 
are subsets of the same construct of inflammatory 
neuroimmune conditions affecting human health from a 
pediatric perspective. 
 

Chronic Inflammatory Response 
Syndrome as an Underrecognized 
Pediatric Neuroimmune Disorder 
CIRS is initiated by chronic exposure to biotoxins in 
genetically predisposed individuals, particularly those 
with susceptible HLA-DR haplotypes that impair immune 
clearance and toxin elimination. These exposures, often 
occurring through inhalation of contaminants from water-
damaged environments, lead to sustained activation of 
both the innate and adaptive immune systems. The result 
is a cascade of immune abnormalities, including 
complement activation, dysregulation of transforming 

growth factor beta-1 (TGF-β1), matrix metallopeptidase 

9 (MMP-9), vascular endothelial growth factor (VEGF), 
and suppression of the hypothalamic–pituitary–adrenal 
(HPA) axis 3, 4. 
 

Pediatric CIRS presents with a constellation of multisystem 
symptoms such as fatigue, headaches, abdominal pain, 
light sensitivity, temperature dysregulation, and cognitive 
deficits. These may be accompanied by behavioral 
regression, sleep disruption, academic decline, and 
sensory processing abnormalities. Such symptoms are 
often misattributed to primary psychiatric or 
developmental disorders, delaying appropriate 
identification of the underlying inflammatory and toxic 
drivers.  
 

Neuroimaging findings from volumetric MRI platforms like 
NeuroQuant have demonstrated specific structural brain 
changes in pediatric CIRS, including hippocampal 
enlargement, caudate atrophy, and thalamic volume 
shifts. These correlate with deficits in memory and 
emotional regulation (primarily hippocampal) and 
executive function (primarily caudate), domains 
frequently affected in chronic inflammatory conditions [5, 

38]. Importantly, these volumetric abnormalities are 
quantifiable and reversible with successful treatment, 
providing a noninvasive biomarker for monitoring 
disease progression and recovery.  
 

Transcriptomic data from the GENIE assay further 
substantiates the immune-metabolic dysfunction 
characteristic of CIRS. Rather than isolated anomalies, the 
results reveal system-wide transcriptional disturbances 
across immune signaling, mitochondrial function, redox 
regulation, and protein synthesis pathways. These 
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molecular expression profiles provide objective 
confirmation of chronic inflammatory activation/ 
suppression and cellular stress unique to CIRS, 
distinguishing it from other inflammatory or infectious 
syndromes with overlapping symptoms 6. 
 
The failure to identify CIRS in children with complex, 
chronic symptoms lead to inappropriate clinical 
management, such as psychiatric interventions or broad-
spectrum antibiotics, which may exacerbate immune 
dysregulation or overlook ongoing environmental 
exposure. Conventional therapies do not address biofilm 
persistence (e.g., MARCoNS colonization), endocrine 
disruption, defective antigen presentation or immune 
memory, all of which play a significant role in sustaining 
illness. 
 
Given the reproducibility of transcriptomic, 
neuroimaging, and immunological findings in CIRS, it is 
essential that pediatric patients with unexplained 
multisystem complaints be evaluated for CIRS. Integrating 
objective molecular and radiological tools into early 
diagnostic workups may not only improve diagnostic 
specificity but also facilitate timely and effective 
intervention. 
 

Methods 
This is Part 1 of a three-part retrospective review series. 
A group of 1722 children with ASD and CIRS, previously 
diagnosed by recognized specialists in CIRS and 
international experts in autism as per established case 
definition, were sent to Bionexus specialized clinic for the 
implementation of CIRS treatment protocols and 
evaluation of the clinical outcomes. The children were 
previously classified by their respective autism specialists 
as resistant to treatment due to no sustained 
improvements observed after undergoing treatment 
according to current established protocols for a minimum 
period of 6 months. As this is a worldwide study, in 
countries where requisite specialized laboratory tests are 
often unavailable, the local authorities relied on bedside 
clinical diagnosis. Children with ASD frequently 
demonstrate difficulty cooperating with blood draws due 
to severe behavioral and neurological challenges. All had 
a positive history of chronic ongoing exposure to the 
interior environment of a water damaged building (WDB) 
and visually observed mold growth. There were 47 
children with an additional diagnosis of Lyme Disease as 
diagnosed by recognized authorities in infectious disease 
and have been discussed in Part 2 of this series of 
reviews.  There were fifty-three different nationalities 
represented among the children. These included four 
countries in North America (including the United States), 
twenty-nine European nations, nine Asian nations, one 
Oceanic nation, three Middle Eastern nations, and seven 
African nations. Children from 37 U.S. states are included 
in this. Their ages ranged from 7 months to 18 years with 
the average being 4.5 years of age.  
 

The specialty clinic implemented the treatment regimen 
according to established Shoemaker methods supported 
with botanical extracts that were founded on proof as 
detailed in Part 3 of this series. The clinic has conducted 
a retrospective analysis of these 1722 charts, which 
includes a thorough examination of the history, previous 
documentation, treatment regimen and symptoms.  Of the 
1722 patients reviewed, 1343 (78%) were males and 
379 were females (22%). 
 

For the control group, we performed a literature review 
and used two studies: McMahon and Smith, with 33 
controls 38, and a pediatric CIRS paper39, with 55 
controls. A detailed comparison was made of the 
multisystem symptoms of the patients in this review with 
those of the CIRS patients in the 2009 and 2018 studies. 
That data is presented in Table 1 and Table 2.  
 

Treatment for CIRS utilizing the established Shoemaker 
methods, including alternative herbal medicine options 
(as highlighted in Part 3 of the series) was associated with 
notable improvements in cognition, motor skills, 
respiratory, nasal, ophthalmologic, dermatologic, nasal 
and gastrointestinal health, along with significant gains in 
speech and language. These findings suggest that CIRS 
may represent a critical missing component in these 
treatment-resistant populations, and that addressing all 
three conditions together may be considered best 
practice to achieve meaningful and sustained clinical 
progress.  
 

Results 
The charts of 1722 children with ASD and CIRS, 
previously diagnosed by established specialists were 
retrospectively reviewed. There were fifty-three 
nationalities represented in the study group. There were 
1343 (78%) males and 379 were females (22%). The 
average age was 4.5 years of age. The symptoms data 
was compared with two separate cohorts of 55 children 
from a 2009 IACFS study 39 and 33 from a 2018 
PANS/PANDAS paper presented at a recent 
international CIRS conference 38.  
 

Prior treatment consisted of recognized ASD therapies 
used unsuccessfully. These included specialized diets, 
nutritional supplements, Hyperbaric oxygen Therapy 
(HBOT), Fecal microbiota transplant (FMT), prescription 
anti-fungal medications, occupational therapy, speech 
and language therapy, feeding therapy and applied 
behavior analysis therapy (ABA).  
 

The data for symptoms for the control groups 38, 39 is 
shown in Table 1. The children had no acute or chronic 
illness and no symptoms. The data for symptoms in the 
study groups and Bionexus health clinic is presented in 
Table 2 along with percentages of symptoms 
respectively. The official symptoms of ASD for the study 
cohort are presented in Table 3. The list of symptoms 
improved in the BNHC cases is highlighted in Table 4.  

 

Summary of the Symptoms in the Control Groups: 

Symptoms 2009 Controls N = 2018 Controls N = 

No acute or chronic illness identified. No 
symptoms reported. 

55 33 

Table 1: Data used with permission from Shoemaker et al 2009 and McMahon et al 2018 
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Summary of Multisystem Symptoms Reported: 

Symptoms 2009 Cases % 2018 Cases % BNHC Group (Cases %) 

Fatigue 61 91 85.95 

Headache 45 82 71.37 

Mood swings 42 85 97.04 

Cough 41 36 20.21 

Shortness of breath 37 33 26.89 

Sinus problems 33 45 50.75 

Aching, Myalgias 32 67 42.62 

Memory 31 70 81.94 

Excessive thirst x 58 31.88 

Concentration 31 79 87.11 

Abdominal pain 29 67 81.65 

Assimilation of new learning 28 61 81.94 

Light sensitivity 27 36 53.02 

Joint pain 26 58 8.48 

Weakness 21 61 17.77 

Appetite swings 21 51 77.81 

Word finding 21 48 84.20 

Excessive urination x 73 61.85 

OCD x 48 82.06 

Feeding abnormalities x 39 67.36 

Rage x 52 27.18 

Tics x 27 66.96 

ADD x 21 88.04 

Anxiety x 39 91.87 

Fatigue 61 91 85.95 

Headache 45 82 71.37 

Mood swings 42 85 97.04 

Cough 41 36 20.21 

Shortness of breath 37 33 26.89 

Sinus problems 33 45 50.75 

Aching, Myalgias 32 67 42.62 

Memory 31 70 81.94 

Excessive thirst x 58 31.88 

Concentration 31 79 87.11 

Abdominal pain 29 67 81.65 

Assimilation of new learning 28 61 81.94 

Light sensitivity 27 36 53.02 

Joint pain 26 58 8.48 

Weakness 21 61 17.77 

Appetite swings 21 51 77.81 

Word finding 21 48 84.20 

Excessive urination x 73 61.85 

OCD x 48 82.06 

Feeding abnormalities x 39 67.36 

Rage x 52 27.18 

Tics x 27 66.96 

ADD x 21 88.04 

Anxiety x 39 91.87 

Table 2: Percentage of 2009, 2018 and BNHC cases with individual symptoms. 
Data used with permission from Shoemaker et al 2009 and McMahon et al 2018 
 
 
 
 
 
 
 



Chronic Inflammatory Response Syndrome 

© 2025 European Society of Medicine 5 

Study Group (N=1722): Autism Symptoms as per DSM-5 46: 

Symptoms % N= 

Deficits in social communication and interaction 68.35 1177 

Deficits in social-emotional skills 91.92 1583 

Inflexibility 81.76 1408 

Highly restricted, fixated interests 57.89 997 

Hyper or hypo reactivity 87.92 1514 

Sensory dysfunction 72.35 1246 

Repetitive patterns of behavior 82.05 1413 

Repetitive motor movements 67.13 1156 

Symptoms must present in the early developmental period 91.92 1583 

Symptoms cause significant functional impairment 94.02 1619 

Symptoms are not better explained by intellectual disability 100 1722 
 

Table 3: Percentage and number of patients with recognized symptoms of ASD 
 

BNHC Cases- Symptom Improvements Reported Post Treatment: 
(Improvement Percentage of those with the symptoms) 

Symptoms Post (% improved) Post (N=) 

Fatigue 90 1332 

Headache 92 1131 

Mood swings 72 1203 

Cough 59 205 

Shortness of breath 82 380 

Sinus problems 94 822 

Aching, Myalgias 96 705 

Memory 28 395 

Excessive thirst 74 406 

Concentration 22 330 

Abdominal pain 92 1294 

Assimilation of new learning 18 245 

Light sensitivity 59 539 

Joint pain 97 142 

Weakness 94 288 

Appetite swings 42 563 

Excessive urination 87 927 

OCD 64 904 

Feeding abnormalities 42 487 

Rage 72 337 

Tics 68 784 

ADD 78 1182 

Anxiety 84 1329 

Table 4: A summary of reported improvements with percentage and number of those improved 
 
An important point to note regarding the symptoms of 
memory, assimilation of new knowledge, and 
concentration, some parents were able to ascertain 
improvements but many found it challenging to answer in 
definitive terms due to their child being nonverbal.  They 
did report the child being able to attend to task for 
longer durations of time. None were able to report on 
word finding skills saying it was hard to determine since 
their child was still learning to speak in a functional 
manner.  
 
Treatment for CIRS utilizing the established Shoemaker 
methods, including alternative herbal medicine options 
(as highlighted in Part 3 of the series) was associated with 
notable improvements in cognition, motor skills, 
respiratory, nasal, and gastrointestinal health, along with 
gains reported in speech and language. These findings 
suggest that CIRS may represent a critical missing 
component in these treatment-resistant populations, and 

that addressing all three conditions together may be 
considered best practice to achieve meaningful and 
sustained clinical progress.  
 

Based on the results observed, not only do we have 
confirmation of improvements which shows that the CIRS 
treatment is efficacious but we also have confirmation 
that the two conditions are nearly identical. Distinct 
similarities exist between the two conditions we did not 
find too much that’s different. Keeping in mind the ever 
increasing rates of ASD, this information warrants global 
awareness so families maybe helped and children 
experience relief of neuroimmune inflammatory states 
which can be painful, debilitating and hinder progress in 
children with ASD. 
 

Discussion 
The findings presented in this synthesis underscore the 
clinical necessity of identifying Chronic Inflammatory 
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Response Syndrome (CIRS) in pediatric populations 
whose symptoms are frequently attributed to autism 
spectrum disorder (ASD). The inclusion of 1,700 children 
(age range 7 months to 18 years) in the methods 
framework, evaluated as a retrospective chart review, 
highlights a critical observation: symptom resolution and 
functional gains are achievable when CIRS directed 
interventions are introduced. Current recognized ASD 
treatments demonstrated poor success after 6 months or 
more of consistent compliance. This underscores the 
translational value of a clinical recognition model, where 
pattern recognition of CIRS symptom constellations serves 
as the first step toward effective intervention.  

 
All of the children in the group exhibited a wide range 
of symptoms that are not commonly linked to ASD, and 
parents indicated that some of these symptoms resolved 
after treatment. This includes joint pain, weakness, 
excessive urination, shortness of breath, chronic sinus 
issues, and chronic cough. The list of symptoms improved 
is presented in Table 4. As a result of this overlap of 
multisystem symptoms, ASD cases could be misinterpreted 
merely using symptomatic reliance. Similar symptoms are 
also present in CIRS, which warrants more research in 
order to give the kids much-needed respite from their 
agony. There may be a connection to other ailments, 
which warrants further investigation. 

 
A central contribution of this article lies in its emphasis on 
how overlapping inflammatory cascades can obscure 
diagnostic clarity. The inflammatory mechanisms 
manifesting fatigue, sensory disturbances, cognitive 
deficits, and behavioral changes, are increasingly 
implicated in both ASD-associated regression. By 
examining children through the lens of environmentally 
acquired illness, this analysis demonstrates that 
inflammatory burden itself, rather than primary 
psychiatric or neurodevelopmental pathology, often 
drives the chronicity of symptoms. The progress observed 
when these inflammatory cascades are addressed first 
confirms that CIRS-directed care establishes the 
necessary groundwork for subsequent therapeutic gains, 
whether in developmental remediation or 
neuropsychiatric stabilization. 

 
The discussion of outcomes among this cohort also 
emphasizes a change in thinking in clinical strategy. 
Conventional management of ASD often prioritizes 
psychiatric, behavioral, or immunomodulatory 
interventions without accounting for the role of persistent 
biotoxin-driven inflammation. In contrast, when CIRS is 
recognized as a hidden driver of immune dysregulation, 
initial interventions, such as environmental control, toxin 
binding, and anti-inflammatory support, lay the 
physiological foundation upon which more targeted 
therapies can be built. This sequencing is particularly 
relevant in pediatrics, where developmental plasticity 
allows for meaningful recovery once neuroimmune 
balance is restored. The improvements observed across 
sleep regulation, gastrointestinal function, sensory 
processing, and behavioral stability in these children 
illustrate the practical impact of identifying and treating 
CIRS early in the therapeutic trajectory. 
 

Equally important is the methodological lesson this work 
provides: laboratory testing, while valuable, is not 
always necessary to justify a therapeutic trial in 
suspected pediatric CIRS. In this cohort, the absence of 
laboratory confirmation did not preclude meaningful 
clinical progress. Instead, symptom alleviation and 
functional gains served as measurable endpoints 
validating the treatment approach. This observation 
strengthens the argument for a dual diagnostic pathway, 
one that incorporates laboratory data where feasible 
but also empowers clinicians to act on robust symptom-
based criteria. Such an approach expands access to care, 
particularly in pediatric contexts where blood draws may 
be impractical or where specialized assays are 
unavailable. Finally, this synthesis serves to justify the 
broader arc of this article series. By situating CIRS as a 
masked yet modifiable driver in children initially 
identified as ASD, the current work establishes the 
rationale for continued exploration of CIRS-targeted and 
systems-based interventions. 
 

It also reinforces the necessity of addressing underlying 
inflammatory cascades as the primary step before 
layering condition-specific protocols. This conceptual 
framing not only validates the present findings but also 
provides a foundation for the subsequent articles, which 
will expand upon mechanistic detail and therapeutic 
innovation. Together, these three contributions advance a 
systems medicine perspective in which pediatric 
neuroimmune and developmental disorders are 
approached through the lens of inflammation, 
environment, and genetic susceptibility. 
 

Molecular and Immunological Basis of 
Chronic Inflammatory Response Syndrome  
Innate and Adaptive Immune Dysregulation in Chronic 
Inflammatory Response Syndrome 
CIRS involves a sustained immunometabolic cascade 
triggered by impaired biotoxin clearance in genetically 
susceptible individuals. Rather than resolving after 
exposure cessation, the immune system enters a chronic 
state of dysregulation marked by ongoing cytokine 
production, complement overactivation, and disruption of 
neurovascular and endocrine signaling. This immune 
persistence results from a failure in regulatory feedback 
mechanisms and manifests through abnormal activation of 
both innate and adaptive pathways, including altered T-
cell regulation and impaired antigen presentation, 
culminating in systemic homeostatic breakdown.  
 

Innate Immune Activation 
The innate immune system serves as the first line of 
defense against exogenous threats; however, in 
genetically susceptible individuals (e.g., those carrying 
specific HLA-DR/DQ haplotypes), the recognition and 
clearance of biotoxins is inefficient. This results in 
prolonged exposure of pattern recognition receptors 
(PRRs), particularly toll-like receptors (TLRs), microbial 
and mycotoxin-derived components such as 

lipopolysaccharides (LPS), β-glucans, and HIF1A, AKT. 

Activation of TLR2 and TLR4 triggers nuclear factor 

kappa B (NF-κB), RELA and mitogen-activated protein 

kinase (MAPK) pathways, culminating in the 
transcriptional upregulation of pro-inflammatory 
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cytokines including interleukin-1β (IL-1β), tumor necrosis 

factor alpha (TNF-α), and IL-6 7. 

 
In CIRS, the dysregulated innate response is further 
characterized by abnormal complement activation, 
particularly elevation of C4a, and reduced levels of 
mannose-binding lectin (MBL), which impairs microbial 
opsonization and clearance. The resulting immune burden 
leads to chronic macrophage and neutrophil activation, 
promoting oxidative stress, tissue injury, and increased 
blood-brain barrier permeability. This cascade facilitates 
the translocation of peripheral cytokines and microbial 
fragments into the central nervous system, contributing to 
microglial priming and neuroinflammation, a phenomenon 
increasingly reported in pediatric patients with 
environmentally acquired chronic inflammatory 
symptoms6.  
 
Adaptive Immune Dysregulation 
Persistent innate immune activation eventually leads to 
downstream dysregulation of the adaptive immune 
system. One of the hallmark findings in CIRS is the 
suppression of regulatory T cells (Tregs), which are 
responsible for maintaining peripheral immune tolerance. 
Studies have shown a skewed Th1/Th2/Th17 profile in 
CIRS patients, with increased Th17 cell activity driving IL-
17–mediated tissue inflammation and autoimmune 
reactivity 4. 
 
Impaired antigen presentation, due to suppression of 
CD3D, with HLA haplotype polymorphisms as well, leads 
to incomplete or non-specific immune activation. This 
results in sustained production of polyclonal, low-
specificity antibodies and circulating immune complexes 
that contribute to systemic inflammation and organ-
specific autoimmunity. B-cell dysregulation is also evident, 
with some CIRS patients exhibiting increased levels of B-
cell activating factor (BAFF), promoting autoreactive B-
cell survival. 
 
Another critical element is the hypothalamic-pituitary-
adrenal (HPA) axis suppression seen in CIRS patients. The 
reduced production of melanocyte-stimulating hormone 
(MSH) and antidiuretic hormone (ADH) due to biotoxin-
mediated hypothalamic injury contributes to disrupted 
osmoregulation, poor sleep architecture, and hormonal 
dysregulation, all of which further compromise immune 
homeostasis, and is also prevalent in children with 
biotoxin-associated neuroimmune dysfunction 3. 
 
Chronic Inflammatory Response Syndrome as a Self-
Perpetuating Inflammatory Loop 
The convergence of impaired detoxification, persistent 
antigenic stimulation, and immune signaling dysregulation 
transforms CIRS into a self-sustaining inflammatory state. 
Recurrent exposure to environmental triggers’ even at 
subclinical levels, reinitiates the inflammatory cascade 
due to the immune system’s failure to reset. Without 
targeted intervention, typically involving toxin binding 
agents, eradication of biofilm-forming organisms such as 
MARCoNS, and correction of regulatory pathway 
dysfunction, remission is unlikely. 

 

From a clinical standpoint, pediatric patients presenting 
with chronic inflammatory symptoms affecting cognition, 
behavior, or autonomic regulation (e.g., fatigue, mood 
lability, temperature dysregulation) should be evaluated 
for CIRS. Immune biomarker profiling in such cases may 
reveal the characteristic patterns of cytokine elevation, T-
cell imbalance, and HPA axis disruption described above. 
Identifying CIRS-related neuroimmune activation in 
medically complex children is essential for guiding 
effective treatment and preventing prolonged systemic 
and neurological inflammation.  
 
Biotoxin-Induced Inflammatory Pathways in Chronic 
Inflammatory Response Syndrome 
CIRS arises from sustained immune activation triggered 
by exposure to biotoxins, such as mold, bacteria, or 
Actinobacteria, in genetically susceptible individuals. The 
resulting inflammation affects multiple systems, including 
neuroimmune, vascular, and endocrine networks, and is 
marked by a distinctive constellation of biomarker 

imbalances. Five key molecules, TGF-β1, C4a, MMP-9, 

VEGF, and VIPR1, play pivotal roles in mediating these 
effects. This section examines their mechanistic 
contributions to CIRS progression, excluding diagnostic 
repetition and instead highlighting the dynamic and 
interactive biology behind these mediators. 
 

Transforming Growth Factor Beta-1 (TGF-β1) 

Immune Plasticity and Fibrogenic Amplification  

Transforming Growth Factor Beta-1 (TGF-β1) is a 

multifunctional cytokine that orchestrates immune 
resolution, fibrosis, and tissue remodeling. In CIRS, TGF-

β1 becomes chronically elevated, driving fibrotic changes 

and dysregulated immune polarization. Elevated levels 
favor Th17 dominance, promoting autoimmunity and 
suppressing regulatory T-cell (Treg) populations. This 
imbalance facilitates the persistence of systemic 
inflammation 1.  
 

TGF-β1 also influences CNS function by modulating 

microglial phenotypes. Chronically elevated TGF-β1 

primes glial cells toward a neurotoxic A1 phenotype, 
impairing synaptic pruning and sustaining 

neuroinflammation. Additionally, TGF-β1 disrupts 

endothelial integrity and intercellular tight junctions 
across the gut and blood-brain barriers, worsening 
mucosal permeability and facilitating translocation of 
microbial byproducts into systemic circulation. 
 

In peripheral tissues, TGF-β1 induces myofibroblast 

activation and collagen deposition, particularly in 
respiratory mucosa and perivascular regions. These 
fibrotic changes reduce tissue compliance and impair gas 
exchange, potentially compounding hypoxic injury 
observed in CIRS-affected brain regions. 
 
Complement Component 4a (C4a) 
Immune Amplification and Vascular Vulnerability  
Complement component 4a (C4a) is an anaphylatoxin 
generated during activation of the classical (and lectin) 
complement pathways. In Chronic Inflammatory Response 
Syndrome (CIRS), ongoing exposure to mold antigens or 
microbial fragments drives sustained elevation of C4a, 
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often exceeding baseline thresholds of 2830 ng/mL and 
sometimes reaching markedly higher levels in severe 
cases 8.  

 
C4a acts as both a chemoattractant and inflammatory 
amplifier, recruiting neutrophils and monocytes to 
inflamed tissues. Within the vasculature, it promotes 
endothelial activation and nitric oxide dysregulation, 
resulting in oxidative stress and increased permeability. 
These changes impair microcirculatory function, leading 
to tissue-level hypoxia, marked by elevated levels of the 
gene HIF1A. 
 
Neurologically, C4a contributes to disruption of the 
neurovascular unit. Animal models of complement 
dysregulation reveal increased CNS vulnerability due to 
breakdown of the blood-brain barrier and the infiltration 
of peripheral cytokines, mirroring many cognitive and 
mood symptoms observed in CIRS. 
 
Matrix Metalloproteinase-9 (MMP-9) 
Matrix Metalloproteinase-9 (MMP-9) is a protease 
released by activated leukocytes and endothelial cells 
during inflammation. In CIRS, MMP-9 levels rise in 
response to systemic cytokine activity and actinomycete 
exposure. This enzyme degrades extracellular matrix 
proteins and tight junction elements, contributing directly 
to blood-brain barrier instability 1.  
 
Elevated MMP-9 permits the unregulated entry of 
cytokines, microbial antigens, and environmental toxins 
into the CNS, amplifying microglial reactivity and 
astrocytic swelling. MMP-9 mediates downstream effects 

of C4a and TGF-β1. Complement-induced oxidative 

stress primes leukocytes to release MMP-9, while TGF-β1 

enhances its expression via SMAD-dependent 
transcription. This convergence of inflammatory signals 
results in a feedback loop of vascular damage and 
immune activation. 
 
Vascular Endothelial Growth Factor (VEGF) 
VEGF is a potent angiogenic molecule essential for 
maintaining capillary networks and promoting vascular 
repair. Counterintuitively, VEGF is often suppressed in 
CIRS patients despite the presence of hypoxic and 
inflammatory stimuli 9.  
 
This suppression results in diminished capillary density 
and inadequate perfusion in vulnerable tissues, 
particularly the hippocampus and cortical gray matter. 
Experimental data show that VEGF blockade reduces 
oxygen diffusion and impairs mitochondrial respiration, 
leading to cognitive dysfunction and exercise 
intolerance40. Suppressed VEGF also hampers epithelial 
repair mechanisms in the lungs and gut, further 
exacerbating multisystemic dysfunction. 
 
The origin of VEGF suppression in CIRS is multifactorial. 

Inflammatory cytokines such as IL-6 and TNF-α impair 

VEGF transcription through NF-κB/RELA inhibition, while 

oxidative stress reduces its mRNA stability. Additionally, 
reduced expression of hypoxia-inducible factor (HIF1A) 
in chronic illness may blunt VEGF signaling despite 
persistent tissue-level oxygen debt. 

Vasoactive Intestinal Polypeptide (VIP) 
VIP is a hypothalamic neuropeptide with widespread 
effects on immune modulation, vascular tone, circadian 
rhythm, and fluid balance. In CIRS, VIP levels are 
typically suppressed, reflecting injury to hypothalamic 
nuclei and ongoing systemic inflammation 4. The main 
effect of VIP is to bind to VIPR1, with deficiency creating 
a functional deficit of VIP effect. 
 
VIP supports anti-inflammatory signaling by enhancing 
Treg development and suppressing dendritic cell 
overactivation. It also attenuates Th1/Th17 cytokine 
cascades and promotes mucosal immune tolerance. In its 
absence, immune overactivation persists, with loss of 
circadian gating for cytokine release and aberrant 
leukocyte trafficking. 
 
Physiologically, VIP regulates vasodilation and capillary 
integrity, particularly in the skin, lungs, and gut. It 
promotes aquaporin expression in renal tubules and 
modulates sodium-potassium ATPase activity, influencing 
fluid retention and osmolality43. Suppression of VIP and 
VIPR1 in CIRS can manifest as dysautonomia, salt craving, 
and labile blood pressure. 
 
Expanded Roles and Molecular Interactions  
While each of these biomarkers plays an independent 
role in CIRS, their interactions amplify the chronicity and 

complexity of the illness. TGF-β1 and VIP exert opposing 

regulatory effects on immune balance, with the former 
promoting fibrosis and the latter dampening it. C4a and 
MMP-9 form a complementary pair in vascular 
disruption, one initiating endothelial activation, the other 
enabling leukocyte extravasation. 
 
Emerging research suggests that cytokine shifts observed 
in CIRS (via GENIE) reflect upstream regulation of these 
biomarkers. Downregulation of redox-balancing genes 
(e.g., SOD2, HMOX1) contributes to cytokine instability, 
while suppression of ribosomal transcription may impair 
peptide hormone synthesis, including VIP. 
 
Ultimately, the biomarker abnormalities in CIRS are not 
merely reflections of damage, they are active 
participants in perpetuating dysfunction. Intervening in 
these pathways through binder therapy, anti-
inflammatory support, and environmental remediation 
alters the expression and signaling patterns of these 
molecules, offering a pathway to recovery. 
 

By understanding the interconnected roles of TGF-β1, 

C4a, MMP-9, VEGF, VIPR1,219 and VIP in driving 
systemic and neuroinflammatory responses, clinicians gain 
a deeper mechanistic framework for interpreting lab 
abnormalities and tailoring interventions with molecular 
precision. 
 

The Chronic Inflammatory Response 
Syndrome –Autism Connection: 
Mechanistic Insights 
Shared Cytokine Signatures and Immune Programming 
A growing body of literature supports the view that 
Chronic Inflammatory Response Syndrome (CIRS) and 
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autism spectrum disorder (ASD) share overlapping 
immunological profiles, particularly in children with 
regressive, treatment-resistant, or environmentally 
triggered presentations. While CIRS is classically initiated 
by exposure to biotoxins such as mold or actinobacteria 
in genetically susceptible individuals, its chronicity stems 
from dysregulated innate immunity, impaired resolution 
signaling, and persistent neuroinflammation. Many of the 
same cytokines, chemokines, and cellular response 
patterns identified in CIRS are also elevated in subsets of 
children with ASD, suggesting a possible shared immune 
endotype. 
 
Among the most prominently dysregulated mediators in 

both syndromes is TGF-β1. In CIRS, TGF-β1 orchestrates 

maladaptive repair responses, contributing to tissue 
fibrosis, neuroglial reactivity, and systemic immune 
imbalance (Shoemaker et al., 2010). In ASD, elevated 

TGF-β1 has been linked to impaired synaptic 

development, reduced neural connectivity, and gliosis in 
postmortem brain samples 10. A meta-analysis by Masi 

et al., (2015) confirmed that TGF-β1 is frequently 

elevated in children with autism, particularly those with 
severe communication deficits or repetitive behaviors. Its 
involvement in both peripheral and central immune 
signaling suggests a potential molecular bridge between 
biotoxin-induced neuroimmune pathology and 
neurodevelopmental impairment. 
 

Additional mediators such as TNF-α,IL-6, and IL-1β are 

consistently reported across both conditions. These 
cytokines are known to cross the blood–brain barrier 
under inflammatory conditions, activating resident glial 
cells and altering neurotransmitter dynamics. In both CIRS 
and ASD, their persistent elevation correlates with 
behavioral dysregulation, anxiety, and sensory 
hypersensitivity 11, 3.  
 
Th17 Polarization and Regulatory T Cell Collapse 
A major immune axis disrupted in both CIRS and ASD is 
the balance between T helper 17 (Th17) cells and 
regulatory T cells (Tregs). Th17 cells drive mucosal and 
systemic inflammation via secretion of IL-17 and IL-22, 
which in excess can compromise tight junctions, promote 
autoimmunity, and perpetuate tissue damage. CIRS 
patients often exhibit a skewed Th17/Treg ratio, largely 
due to sustained antigenic stimulation and impaired 
immune resolution 4,12. Transcriptomic profiling further 
supports the elevation of Th17-related transcription 

factors such as RORγt in chronic biotoxin illness. 

 
Rose et al. 13 found that children with autism, particularly 
those with concurrent gastrointestinal or allergic 
symptoms, display exaggerated Th17 signaling 
alongside reduced Treg cell numbers. This imbalance not 
only contributes to systemic inflammation but also impairs 
immune tolerance, rendering these children more 
susceptible to immune-mediated injury from 
environmental triggers. While CIRS is acquired and ASD 
is often idiopathic, both share this hallmark of immune 
disequilibrium as a sustaining mechanism for chronic 
inflammation. 
 

The Treg deficiency observed in both disorders may 
hinder the resolution of trained immunity and prevent 
recalibration of immune homeostasis. This could explain 
the prolonged symptom persistence seen in children with 
overlapping features, such as neurodevelopmental delay 
with systemic fatigue or hypersensitivity. 
 
Complement System Dysregulation and Tissue 
Amplification 
Complement activation, particularly the elevation of 
component C4a, is a core diagnostic and mechanistic 
feature of CIRS. C4a functions as a potent anaphylatoxin, 
triggering chemotaxis, mast cell degranulation, and 
amplification of local inflammation. It also promotes 
endothelial dysfunction and capillary leak, contributing to 
systemic and cerebral edema. In CIRS, high C4a levels 
(>10,000 ng/mL) have been strongly associated with 
flares of fatigue, irritability, and cognitive slowing 3. 
  
Although historically underexplored in ASD, recent studies 
suggest that components of the complement cascade may 
be dysregulated in subsets of children with autism. 
Increased levels of C1q, C3, and C4 have been found in 
serum and cerebrospinal fluid, correlating with microglial 
activation and abnormal synaptic pruning 14. Aberrant 
complement signaling has also been implicated in cortical 
overconnectivity and altered dendritic spine density, 
neuropathological features common in ASD. 
 
Thus, complement overactivation may represent another 
convergence point between CIRS and autism, particularly 
in children whose behavioral symptoms worsen during 
immune flares or who have a history of environmental 
exposure. 
 
Neurovascular Injury and Inflammatory 
Hypoperfusion 
Neurovascular compromise is another pathophysiological 
process shared by CIRS and subtypes of ASD. In CIRS, 
chronic inflammation suppresses VEGF, impairing 
angiogenesis and promoting cerebral hypoperfusion 1. 
This is particularly evident in brain regions with high 
metabolic demand, such as the hippocampus and basal 
ganglia, which often show volume loss or asymmetry on 
NeuroQuant imaging. 
 
Shoemaker & Ryan 3 demonstrated that regional blood 
flow deficits in CIRS are reversible with protocol-based 
treatment and normalization of VEGF. However, during 
periods of suppression, patients experience fatigue, 
cognitive fog, and memory impairment. Similar perfusion 
deficits have been reported in children with autism using 
SPECT and PET imaging, with hypoperfusion of the 
temporal lobes, thalamus, and cerebellum being 
especially prominent 15. 
 
This functional ischemia likely contributes to the sensory 
and language difficulties characteristic of both disorders. 
While the mechanisms differ, developmental versus 
acquired, the shared impact on cerebral blood flow 
suggests a final common pathway for behavioral 
dysfunction. 
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Mitochondrial Stress and Energetic Deficiency 
A growing body of research has identified mitochondrial 
dysfunction as a key mediator of symptoms in both CIRS 
and ASD. In biotoxin illness, persistent inflammation leads 
to suppression of nuclear-encoded mitochondrial genes, 
impaired oxidative phosphorylation and elevated stress 
markers. Children with CIRS often display abnormal 
lactate/pyruvate ratios typically found in patients with 
proliferative physiology and concurrent metabolic 

acidosis44, low VO₂ max, and post-exertional malaise, 
reflecting a systemic energy deficit. 
 
Similarly, mitochondrial dysfunction in ASD has been 
described in both peripheral tissues and brain biopsies. 
Rossignol and Frye 16 reviewed 41 studies and found that 
up to 80% of children with autism show some degree of 
mitochondrial pathology, including reduced ATP synthesis, 
elevated lactate, and increased reactive oxygen species. 
In both disorders, mitochondrial impairment contributes to 
neurodevelopmental delay, fatigue, and poor cognitive 
endurance. 
 

Mitochondrial collapse also affects immune cell 
metabolism. In CIRS, this hampers detoxification, antigen 
processing, and regulatory signaling. In ASD, it may 
impair synaptic homeostasis and neurotransmitter cycling, 
particularly in glutamatergic circuits. 
 

Neuroimmune Activation and Glial Dysregulation 
Microglial activation, a hallmark of neuroinflammatory 
disorders, has been documented extensively in both CIRS 
and ASD. In CIRS, inflammatory mediators such as MMP-

9 and TGF-β1 disrupt blood–brain barrier integrity, 

allowing peripheral cytokines to activate glial cells. 
Microglia adopt a primed phenotype, producing 
proinflammatory cytokines and impairing synaptic 
maintenance 18.  
 

Postmortem analysis of individuals with ASD has revealed 
widespread microglial reactivity, increased expression of 

IL-6 and TNF-α and altered cortical architecture 18. This 

neuroinflammation correlates with symptom severity and 
may underly some of the core behavioral features of the 
disorder. 
 

Astrocyte dysfunction also appears in both conditions. In 
CIRS, astrocytic swelling disrupts glutamate uptake, 
impairs glymphatic clearance, and alters fluid 
homeostasis. In ASD, reactive astrogliosis has been linked 
to sensory hypersensitivity, poor sleep, and cognitive 
rigidity. Additionally, the astrocytic water channel AQP4, 
which regulates interstitial fluid drainage, is dysregulated 
in CIRS, potentially contributing to brain fog and sleep 
disturbances. 
 

Taken together, the shared glial pathology between CIRS 
and ASD further supports the view that environmental 
and genetic neuroimmune syndromes may converge on 
common cellular mechanisms. 
 

Immunological Memory and Persistent Inflammatory 
States 
A decisive point of convergence lies in maladaptive 
immune memory. In CIRS, repeated antigenic exposure 

trains innate immune cells toward a persistent 
inflammatory response, even in the absence of active 
biotoxin exposure 3. This “primed” state, often termed 
trained immunity, drives exaggerated cytokine 
responses, amplifies oxidative and nitrosative stress, and 
perpetuates neuroinflammation. Monocytes and 
macrophages in CIRS patients demonstrate altered 
transcriptional and metabolic profiles, with enhanced NF-

κB activation and increased production of pro-

inflammatory mediators such as IL-1β, IL-6, and TNF-α 

upon re-stimulation. 
 
This maladaptive imprinting extends beyond immune cells 
and may involve epigenetic modifications to stress 
response genes, antioxidant pathways, and 
mitochondrial regulators. Over time, these changes 
create a self-sustaining cycle of immune hyper-reactivity, 
energetic collapse, and impaired tissue repair. 
Importantly, this phenomenon may persist long after the 
environmental exposure has ceased, explaining why 
some children with CIRS fail to improve without 
aggressive detoxification and immune modulation, even 
in toxin-free environments. 
 
ASD may involve a similar mechanism via microglial 
priming and early-life immune challenges. Prenatal 
infections, maternal immune activation (MIA), and 
perinatal exposure to immune triggers can sensitize 
microglia, the brain’s resident macrophages, during 
critical neurodevelopmental windows. Animal studies 
have shown that MIA alters microglial morphology, 
cytokine output, and synaptic pruning capacity well into 
adulthood, creating a pro-inflammatory set point that 
resembles the glial reactivity seen in CIRS. These primed 
microglia respond to otherwise innocuous stimuli, such as 
allergens, vaccines, or dietary proteins, with excessive 
cytokine release and prolonged inflammatory cascades. 

 
Postmortem brain studies in autism reveal persistent 
microglial activation even in the absence of active 
infection, suggesting an enduring neuroimmune memory. 
This is consistent with the clinical observation that many 
children with ASD experience behavioral regressions or 
exacerbations following seemingly minor immune insults. 
Like in CIRS, the inability to extinguish immune responses 
may underlie cyclical flares of cognitive dysfunction, 
irritability, and sensory overload in affected individuals. 
 
Further compounding the issue is the failure of regulatory 
feedback mechanisms, including insufficient Treg activity, 
chronic oxidative stress, and dysregulated glucocorticoid 
signaling. These deficits prevent proper immune 
resolution and may shift both syndromes into a chronic 
inflammatory phenotype that is resistant to conventional 
interventions. 

 
Understanding these shared mechanisms of immune 
memory dysregulation highlights the need for precision 
immunomodulatory therapies. Treatments targeting 
trained immunity, glial priming, and epigenetic 
remodeling may offer new avenues for children caught 
at the intersection of CIRS and autism, particularly those 
with relapsing or non-responsive trajectories. 
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Integrated Pathophysiology of Neuroinflammatory 
Injury 
CIRS represents a prototypical example of a systems-
level inflammatory disorder in which brain dysfunction 
arises from integrated vascular, mitochondrial, and 
immunological impairments. These mechanisms converge 
in the CNS to produce a sustained neuroimmune response 
marked by cerebral hypoperfusion, mitochondrial 
collapse, and glial dysregulation. 
 

While the origin of the disorder lies in environmental 
exposure and genetic susceptibility, its expression is 
perpetuated by transcriptional reprogramming and 
dysfunctional feedback loops. The failure to restore 
immune homeostasis, either due to continued antigenic 
stimulation, unresolved complement activation, or 
defective regulatory signaling, ensures the persistence of 
neuroinflammation and related cognitive, behavioral, 
and autonomic symptoms. 
 

Current therapeutic approaches must therefore target not 
only the elimination of biotoxin exposure and microbial 
reservoirs (e.g., MARCoNS, Actinobacteria) but also the 
restoration of mitochondrial health, vascular function, and 
glial homeostasis. The combination of GENIE 
transcriptomics and NeuroQuant imaging offers a novel, 
data-driven framework for tracking these 
neurobiological changes and informing treatment 
precision in affected patients. 
 

GENIE Transcriptomics in Chronic Inflammatory 
Response Syndrome Diagnosis 
The Gene Expression Inflammation Explained (GENIE) 
platform is a transcriptomic assay developed by Dr 
James Ryan and Dr. Ritchie Shoemaker designed to 
detect molecular patterns specific to Chronic 
Inflammatory Response Syndrome (CIRS). Unlike 
conventional biomarker panels, GENIE provides a 
system-level transcriptional snapshot, revealing 
alterations in innate immune signaling, stress-response 
pathways, and cellular maintenance mechanisms that may 
otherwise remain clinically silent. 
 

GENIE uses RNA extracted from peripheral leukocytes to 
assess differential gene expression across thousands of 
coding and non-coding sequences. After blood collection 
into RNA-stabilizing tubes, samples are processed 
through advanced bioinformatics pipelines involving 
sequence alignment, gene set enrichment analysis (GSEA), 
and hierarchical clustering. Dysregulated transcripts are 
then annotated and interpreted in the context of curated 
immunometabolic pathways, allowing clinicians to map 
molecular dysfunction across biological networks relevant 
to chronic illness 17,19.  
 

Distinct molecular patterns identified in CIRS rather than 
isolating individual genes or cytokines, GENIE reveals 
systems-level transcriptional fingerprints. In CIRS patients, 
clusters of immune signaling genes, especially those 
associated with pattern recognition and cell danger 
responses, are consistently altered. These include 
heightened expression of receptors involved in 
environmental sensing and immune amplification, as well 
as suppressed expression of metabolic regulators 
responsible for cellular repair and resilience. 

 
Specifically, GENIE often reveals: 
Enrichment transcripts linked to stress-activated signaling 
cascades, such as MAPK, Jan 
Shifts in regulatory elements governing intracellular 
homeostasis, including DNA repair genes, autophagy 
regulators, and membrane transporters. 
 
Disruption of circadian gene expression, suggesting 
impaired sleep–wake regulation and autonomic tone, 
both hallmark features of CIRS. 
 
These transcriptional changes often appear even when 

conventional Shoemaker biomarkers (e.g., TGF-β1, MMP-

9, VEGF) are within range, indicating the presence of 
subclinical inflammation or ongoing transcriptomic 
dysregulation. 
 
Differential Diagnostic Role  
The GENIE platform has growing value in differentiating 
CIRS from other chronic inflammatory conditions. Unlike 
autoimmunity or acute infections, CIRS transcriptomes 
often show a unique lack of adaptive immune activation 
(e.g., absence of clonal T- or B-cell signatures), instead 
highlighting a chronic, non-resolving innate immune 
phenotype. This includes incomplete resolution of cell 
danger responses (CDR), impaired lipid signaling, and 
persistence of pro-inflammatory mediators despite 
apparent pathogen clearance 17,19.  
 
In patients with diagnostically ambiguous presentations, 
such as unexplained fatigue, sensory hypersensitivity, or 
autonomic dysfunction, GENIE can provide crucial 
evidence of environmentally mediated illness. It is 
especially useful when combined with exposure history, 
symptom tracking, and VCS or imaging data. 
 
Therapeutic Monitoring and Systems Medicine 
Integration  
GENIE can serve as a dynamic tool for monitoring 
treatment response in CIRS. Following intervention—such 
as biotoxin binding, environmental remediation, or 
neuropeptide restoration—longitudinal testing can 
reveal normalization of key gene expression clusters, 
providing objective confirmation of clinical improvement. 
 
Examples of treatment-responsive transcriptomic shifts 
include: 
Downregulation of inflammatory chemokines and stress 
markers 
Reinstatement of mitochondrial biogenesis and 
autophagy gene expression 
Reorganization of transcriptional networks related to 
vascular tone  
 
Moreover, GENIE aids in determining treatment 
sequencing. For instance, if transcriptomic evidence of 
inflammatory priming or antigenic signaling remains 
despite microbiological clearance (e.g., negative 
MARCoNS), it may prompt further environmental 
assessment or delay use of immune-regulating agents like 
VIP. Conversely, the return of metabolic gene expression 
can help clinicians time neuroendocrine or cognitive 
rehabilitation strategies. 
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Advancing Molecular Stratification in CIRS  
As transcriptomics enters routine clinical practice, GENIE 
is enabling the development of CIRS subtypes based on 
molecular phenotype. By comparing pathway-level 
dysregulation across cohorts, researchers are beginning 
to identify patterns such as: 
 

Energy-depleted subtypes with mitochon-
drial gene suppression 
Inflammation-dominant types with chemokine and 
interleukin pathway activation 
Redox-disrupted clusters characterized by altered 
oxidative defense gene expression 
Such stratification may inform individualized therapy, 
guiding decisions about toxin binding, antioxidant 
support, or neuroprotective intervention. It also supports 
research into novel therapeutics that target dysregulated 
pathways identified via GENIE, including epigenetic 
modulators and immunometabolic reprogramming 
agents. 
 
The GENIE platform represents a transformative 
advancement in the diagnosis and management of CIRS. 
By identifying high-resolution, system-wide gene 
expression changes that define the molecular 
pathophysiology of biotoxin illness, it bridges the gap 
between symptom complexity and mechanistic clarity. 
 
In the context of precision environmental medicine, GENIE 
offers: 
Diagnostic depth when conventional biomarkers are 
insufficient 
Mechanism-based monitoring of therapeutic efficacy 
Molecular stratification for personalized treatment 
 
Future directions include validation in larger cohorts, 
development of composite indices integrating GENIE with 
imaging and Shoemaker biomarkers, and refinement of 
transcriptomic thresholds for treatment milestones. As 
these data accumulate, GENIE is poised to redefine how 
environmentally acquired chronic illness is diagnosed, 
categorized, and ultimately treated in clinical practice. 
 

NeuroQuant Imaging: Structural Brain Correlates Brain 
Volume Shifts in Chronic Inflammatory Response Syndrome 
Patients 
Early studies by Shoemaker and Ryan (2014) and 
McMahon et al. (2016) demonstrated a consistent pattern 
of structural brain abnormalities in patients with 
untreated CIRS from WDB (water-damaged buildings). 
NeuroQuant® is an FDA-approved, automated 
volumetric MRI software that quantifies brain structure 
volumes and compares them against age- and gender-
matched normative data. It has been extensively used by 
clinicians within the CIRS Protocol to identify and track 
structural brain changes in individuals diagnosed with 
CIRS. These volumetric alterations are not incidental; they 
represent functional impairment in key neural systems that 
regulate cognition, memory, mood, autonomic control, 
and motor coordination. 
 
Brain volume measurements show abnormalities in CIRS 
patients, particularly involving the caudate nucleus, 
putamen, and hippocampus. These structures are integral 

to cortico-striatal circuitry, memory encoding, and 
sensorimotor processing. NeuroQuant imaging, in this 
context, provides objective, quantifiable biomarkers that 
not only support diagnosis but also facilitate longitudinal 
assessment of treatment efficacy. 
 

Putamen: Sensorimotor Integration and Motor Fatigue 
The putamen, another basal ganglia region frequently 
enlarged in CIRS, plays a vital role in proprioception, 
sensorimotor coordination, and regulation of fatigue. 
NeuroQuant volumetric analysis across multiple cohorts 
has documented increased putamen volume in patients 
with established CIRS diagnoses. These changes often 
correspond to symptoms such as clumsiness, gait 
instability, and decreased physical endurance 20.  
 

Transcriptomic data from the GENIE platform shows 
consistent downregulation of mitochondrial oxidative 
phosphorylation genes in CIRS patients 19. Mitochondrial 
inefficiency impairs neural energy utilization in high-
demand regions such as the basal ganglia, leading to 
functional disorganization and structural adaptation over 
time. 
 

These volumetric changes likely reflect an integrated 
response to persistent immune activation and energy 
deficiency, aligning with the broader neuroimmune 
phenotype of CIRS. 
 

Hippocampus: Memory Dysfunction and Neurotoxicity 
Among the most clinically consequential NeuroQuant 
findings in CIRS are volumetric changes in the 
hippocampus. The hippocampus is critical for memory 
encoding, spatial orientation, and stress modulation. 
Although Shoemaker and colleagues did not specifically 
report hippocampal findings, their NeuroQuant study 
demonstrated significant volumetric abnormalities in 
other forebrain regions (caudate, pallidum, amygdala)45. 
The study by McMahon and Smith (2018), reported 
hippocampal enlargement in their study cohort 38.  
 

Multiple mechanisms converge to explain hippocampal 
vulnerability in CIRS. Chronic exposure to biotoxins 
triggers systemic inflammation, which in turn compromises 
the blood–brain barrier and promotes cytokine 
infiltration into hippocampal tissue. Low VEGF levels, a 
hallmark of biotoxin-induced illness, reduce angiogenic 
signaling and capillary density, impairing nutrient and 
oxygen delivery to this metabolically active region 8. 
Additionally, redox imbalance and mitochondrial 
dysfunction further impair cellular respiration, triggering 
apoptosis and glial scarring. 
 

Patients with hippocampal volumetric abnormalities 
frequently experience short-term memory lapses, spatial 
disorientation, and word retrieval difficulties. In children 
and adolescents, this may manifest as academic 
regression, attention instability, or emotional lability. In 
adults, it often presents executive fatigue, 
disorganization, and sensitivity to environmental stimuli. 
 

Differential Patterns of Volumetric Change as 
Diagnostic Markers 
The triad of caudate atrophy, putamen enlargement, and 
hippocampal atrophy, when observed concurrently, 
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provides a powerful neuroimaging profile that reinforces 
a CIRS diagnosis. This specific constellation is uncommon 
in most psychiatric conditions and neurologic disorders not 
driven by environmental biotoxin exposure, thereby 
enhancing diagnostic specificity. 
 

In clinical practice, NeuroQuant data serves as both a 
diagnostic and therapeutic compass. Pre- and post-
treatment comparisons enable quantifiable tracking of 
central nervous system recovery. The ability to identify 
volumetric outliers in specific brain regions allows 
clinicians to correlate symptom domains with underlying 
neuroanatomical dysfunction, e.g., fatigue and 
coordination issues with putaminal enlargement, or 
memory loss with hippocampal shrinkage. 
 

NeuroQuant as a Tool for Longitudinal Brain Recovery 
Tracking in Chronic Inflammatory Response Syndrome 
NeuroQuant®, has expanded its clinical role in biotoxin-
associated illness CIRS. Its utility lies in precisely 
quantifying structural brain volume changes over time in 
predefined regions implicated in CIRS pathophysiology. 
These measurements provide objective feedback on the 
biological effectiveness of therapy and illuminate the 
progression or reversal of neuroinflammatory damage 
under the CIRS Protocol. 
 

CIRS is characterized by a reproducible pattern of 
volumetric abnormalities involving deep gray matter 
structures, limbic regions, and cortical volumes 9. While 
baseline imaging captures these structural anomalies, the 
true clinical value of NeuroQuant lies in its ability to track 
volumetric normalization over the course of treatment. 
These dynamic changes, when paired with symptom 
resolution and biochemical stabilization, reinforce the 
reversible nature of environmentally triggered brain 
injury in CIRS. 
 

Longitudinal Volume Changes and Treatment Phases 
Patients enrolled in comprehensive biotoxin treatment 
protocols undergo serial MRI scans at distinct intervals, 
typically baseline, six months, and twelve months. These 
scans frequently demonstrate stepwise volumetric 
recovery, especially in areas initially showing 
hypertrophy or atrophy. The caudate and putamen—two 
basal ganglia structures involved in executive control and 
fatigue regulation—frequently show early signs of 
normalization 12. When measured longitudinally, 
reductions in abnormal enlargement suggest resolution of 
fluid shifts, gliosis, and inflammatory swelling. 
 
The hippocampus, often atrophic in CIRS at baseline, 
demonstrates a slower but highly significant recovery 
pattern 7. This recovery tends to emerge in later phases 
of the CIRS Protocol, particularly after correction of 
perfusion deficits. Structural improvements within the 
hippocampal formation correspond to enhanced 
metabolic stability and restoration of regional 
oxygenation and nutrient delivery. In many patients, 
volumetric gains reach age- and gender-normative 
percentiles within 9–12 months of sustained treatment 
and environmental clearance. 
 
These findings are not uniform across all cases. Certain 
patients with prolonged exposure histories or high 

susceptibility genotypes exhibit delayed or partial 
normalization. Nonetheless, the trend toward volumetric 
rebalancing is well-established, particularly when key 
therapeutic milestones are achieved in proper sequence. 
 

NeuroQuant Metrics as Real-Time Biomarkers 
Unlike single-point laboratory values, serial imaging 
through NeuroQuant provides a visual and quantifiable 
trajectory of brain remodeling. In clinical practice, this 
enables providers to map treatment progress against 
neural recovery with high resolution and reproducibility. 
For example, if putamen volume reduction stalls after 
initial gains, it may indicate residual environmental 
exposure or incomplete MARCoNS eradication, both of 
which warrant reevaluation of treatment compliance and 
environmental safety 20.  
 

Similarly, sustained hippocampal atrophy at follow-up 
may prompt review of vascular interventions or demand 
reinforcement of mitochondrial and perfusion support 
therapies. These insights are especially valuable in cases 
where clinical symptoms plateau or relapse, as imaging 
offers a non-subjective metric that complements symptom 
inventories and laboratory re-testing. 
 

Importantly, not all volumetric changes reflect 
inflammation alone. In some cases, baseline 
measurements show cortical thinning that may persist 
despite optimal treatment. These cases may represent 
non-reversible tissue loss or reflect long-term remodeling 
following chronic injury. Nonetheless, the capacity to 
distinguish reversible edema or swelling from irreversible 
neurodegeneration is a major strength of the NeuroQuant 
platform. 
 

Brain Regions Most Responsive to Treatment 
Several brain regions demonstrate notable 
responsiveness to protocol-based interventions in CIRS. 
The basal ganglia, especially the caudate and putamen, 
are among the most dynamic, likely due to their high 
vascular density and sensitivity to osmotic and 
inflammatory shifts. When volume correction occurs, 
patients frequently report parallel improvements in 
cognitive endurance, motor coordination, and executive 
functioning. 
 

The thalamus, another structure involved in sensory 
processing and central integration, may also demonstrate 
volume correction, though less consistently than the basal 
ganglia. Follow-up imaging sometimes shows subtle 
increases in thalamic symmetry or reductions in 
lateralized swelling, depending on the timing of 
intervention and degree of initial involvement. 
 

Among the most clinically correlated volumetric changes 
is hippocampal volume restoration. This improvement 
reflects the convergence of vascular integrity, perfusion 
correction, and inflammation resolution. The hippocampus 
is especially vulnerable to chronic hypoxia and oxidative 
damage, and its recovery marks a pivotal milestone in 
reversing cognitive deficits in CIRS. 
 

Role in Tracking Protocol Compliance and Relapse 
Prevention 
NeuroQuant’ s role extends beyond confirming 
therapeutic success. It also aids in identifying treatment 
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failure, noncompliance, or re-exposure to biotoxins. For 
example, failure of caudate or putamen atrophy to 
resolve may indicate hidden environmental triggers or 
insufficient adherence to binder protocols. Imaging can 
thus prompt targeted re-investigation, often before 
symptoms reemerge in full. 
 

Similarly, unexpected regression in volumes previously 
normalized may reveal subtle re-exposures or unresolved 
immune activation. This allows clinicians to intervene 
early—adjusting treatment protocols before the patient 
experiences a full symptom relapse. The initiative-taking 
use of NeuroQuant enables precision-guided adjustments 
and safeguards against deterioration from seemingly 
minor setbacks. 
 

Some clinicians also incorporate imaging data into family 
or patient education. Demonstrating visual recovery on 
MRI enhances patient motivation, clarifies the necessity of 
environmental vigilance, and underscores the biological 
legitimacy of the illness 3. This helps combat stigma and 
improves compliance in long-term treatment. 
 

Integration with Multimodal Assessment 
Although NeuroQuant data should never be interpreted 
in isolation, they are especially powerful when integrated 
with clinical, biochemical, and environmental assessments. 
When imaging normalization parallels improved VCS 
performance, symptom resolution, and Shoemaker panel 
stabilization, the case for treatment efficacy becomes 
compelling 4. Conversely, if imaging diverges from other 
markers, this prompts multidimensional reevaluation, a 
core tenet of the systems-based Shoemaker approach. 
 

In some patients, volumetric recovery can even precede 
subjective improvement, suggesting that neuroanatomical 
repair may lead clinical recovery. Recognizing this lag 
can prevent premature treatment discontinuation and 
guide expectations during recovery. This longitudinal 
integration of neuroimaging with clinical observation is 
vital in complex, multisystem illnesses like CIRS. 
 

Toward Quantitative Treatment Thresholds 
As more data accrue from longitudinal NeuroQuant 
monitoring, the field is moving toward establishing 
quantitative benchmarks for response. Early efforts 
include defining percentage-based volume recovery 
thresholds within specific brain regions and correlating 
these with biomarker normalization or quality-of-life 
metrics. These metrics, once validated, could be used to 
standardize treatment endpoints and refine protocol 
length based on neurostructural feedback. 
 

Advancements in AI-powered volumetric analysis may 
enhance regional tracking sensitivity, detect subtle 
asymmetries, and support machine learning models 
capable of predicting treatment outcomes. These future 
directions underscore the potential of NeuroQuant as 
more than a static imaging tool—it is evolving into a 
cornerstone of personalized biotoxin medicine. 
 

Biofilm Persistence and MARCoNS Colonization in 
Chronic Inflammatory Response Syndrome 
In CIRS, biofilm-producing microorganisms such as 
Multiple Antibiotic-Resistant Coagulase-Negative 

Staphylococci (MARCoNS) play a pivotal role in 
sustaining chronic immune activation. These bacterial 
populations form structured biofilms, matrix-encased 
communities adherent to mucosal surfaces, which confer 
enhanced protection against host immunity and 
antimicrobial agents. In this sessile state, MARCoNS 
evade phagocytosis, neutralize oxidative bursts, and 
resist antibiotic penetration through coordinated gene 
expression and quorum sensing mechanisms 22, 23.  

 
MARCoNS biofilms harbor accessory gene regulators 
(agr) and quorum-sensing operons that upregulate 
virulence factors, including alpha-toxins and adhesins, 
under environmental stress or population density shifts 
(Otto, 2004). These adaptations enhance bacterial 
survival in hostile inflammatory environments such as those 
found in the sinuses and naopharynx of CIRS patients. 
Persistent biofilm communities serve as reservoirs for small 
colony variants (SCVs), slow-growing, metabolically 
dormant bacterial phenotypes that further reduce 
antibiotic susceptibility and immunogenicity 21. 
 
The nasopharynx, particularly the posterior ethmoid and 
sphenoid sinuses, offers a protected niche where biofilms 
can evade mucociliary clearance. Chronic colonization of 
these regions by MARCoNS enables repeated systemic 
reactivation of inflammatory cascades. Patients with CIRS 
often describe cyclical worsening of symptoms—cognitive 
fog, fatigue, myalgia, following environmental triggers. 
These flares frequently correspond with microbial 
reactivation from sinus-based biofilms, which function as 
immunological “time bombs,” releasing antigens and 
inflammatory mediators even in the absence of overt 
infection 3. 

 
The immune evasion strategies of MARCoNS biofilms lead 
to a persistent state of immune dysregulation. Though not 
overtly invasive, these organisms release exotoxins and 
immune-modulating factors that skew host immunity 
toward a Th1/Th17 axis. This shift perpetuates systemic 
inflammation and mucosal barrier breakdown, further 
facilitating microbial persistence 24. Local IgA 
depletion—commonly observed in patients with chronic 
rhinosinusitis and biofilm carriage—undermines mucosal 
immunity, compounding susceptibility to re-colonization 25. 
This interaction establishes a cycle of inflammation and 
failed immune resolution. 

 
Standard antibiotic regimens are often ineffective 
against MARCoNS due to biofilm-mediated resistance. 
The extracellular matrix of the biofilm impedes antimicro-
bial penetration, while efflux pumps and altered 
metabolic activity limit intracellular drug efficacy26. 
Consequently, therapeutic strategies targeting 
MARCoNS biofilms in CIRS require biofilm-disrupting 
agents such as EDTA (ethylenediaminetetraacetic acid) in 
combination with topical antimicrobials. EDTA chelates 
divalent cations necessary for biofilm stability, enhancing 
antibiotic susceptibility and improving mucosal 
penetration 27. 

 
Successful eradication of MARCoNS biofilms often 
necessitates a multiphase approach. Initial treatment 
phases focus on environmental remediation and toxin 
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binding, followed by biofilm-specific interventions only 
after systemic inflammation has been partially controlled. 
Relapse risk remains high if nasopharyngeal biofilms are 
not addressed thoroughly, particularly in patients with 
persistent mucosal colonization and immunocompromise. 
Recolonization from contaminated household HVAC 
systems or bedding is a common route of reinfection, 
highlighting the need for rigorous environmental control 
and sustained mucosal immunity 1. 

 
MARCoNS biofilm persistence thus represents a major 
barrier to recovery in CIRS. Its ability to evade immune 
clearance, resist antibiotics, and continuously trigger 
inflammatory flares underscores the necessity of 
dedicated antimicrobial and biofilm-disrupting protocols 
within the broader Shoemaker treatment framework. 
 
MSH Suppression and Hypothalamic Dysregulation in 
Chronic Inflammatory Response Syndrome 
The hypothalamus plays a pivotal role in maintaining 
physiological homeostasis through neuroendocrine 
signaling. It regulates core functions such as circadian 
rhythm, temperature control, fluid balance, stress 
response, gastrointestinal coordination, and pain 
modulation. In CIRS, neuroinflammation disrupts 
hypothalamic regulation, leading to multisystem 
dysfunction with complex clinical manifestations. 
 
One of the most critical downstream effects of 
hypothalamic disruption in CIRS is the suppression of 
melanocyte-stimulating hormone (MSH), a multifunctional 
neuropeptide synthesized in the arcuate nucleus. MSH 
contributes to anti-inflammatory signaling, mucosal 
barrier integrity, pain modulation, and neuroendocrine 
coordination across the hypothalamic–pituitary–adrenal 
(HPA) axis. Low MSH levels have been consistently 
observed in biotoxin-exposed individuals with CIRS, 
correlating with dysfunction in multiple regulatory systems 
4.  

 
Sleep architecture is notably impaired in MSH-deficient 
patients. MSH influences the amplitude of circadian 
signaling through the suprachiasmatic nucleus and 
indirectly modulates melatonin synthesis. Patients often 
report non-restorative sleep, reduced REM cycles, and 
increased nocturnal awakenings. This contributes to the 
chronic fatigue and cognitive decline frequently seen in 
CIRS populations 28. Additionally, thermoregulatory 
instability, including night sweats and low heat tolerance, 
can be traced to hypothalamic misfiring as MSH fails to 
stabilize temperature setpoints. 

 
Fluid and electrolyte balance is also affected. MSH 
suppression indirectly leads to dysregulation of 
antidiuretic hormone (ADH), disrupting plasma osmolality 
and increasing thirst, urinary frequency, and susceptibility 
to static shocks. These symptoms mirror disruptions in 
hypothalamic osmoreceptors and have been clinically 
validated through altered serum sodium, copeptin, and 
ADH measurements in CIRS patients 7.  
 
Gut–brain axis dysfunction is another consequence of 
hypothalamic-MSH impairment. MSH enhances mucosal 
immune defenses and supports intestinal epithelial 

barrier function. Its suppression results in increased 
intestinal permeability and vulnerability to 
gastrointestinal dysbiosis. Patients may present with 
alternating diarrhea and constipation, food sensitivities, 
and impaired nutrient absorption, often without overt 
infection. This functional gut disturbance is distinct from 
primary GI pathology and resolves with neuroendocrine 
restoration 28. 
 

Pain perception is significantly modulated by 
hypothalamic peptides, including MSH. In CIRS, low MSH 
contributes to heightened pain sensitivity due to 
diminished endogenous opioid signaling and impaired 
descending inhibitory pathways. Clinically, this manifests 
as fibromyalgia-like myalgias, joint discomfort, and 
allodynia, even in the absence of structural pathology. 
These symptoms are often misattributed to rheumatologic 
or psychosomatic causes, which can delay an appropriate 
diagnosis 29.  
 

The cumulative result of hypothalamic dysfunction in CIRS 
is a syndrome of central dysautonomia—poor stress 
tolerance, orthostatic instability, fluctuating blood 
pressure, and chronic cognitive fatigue. These features 
often correlate with persistent abnormalities in visual 
contrast sensitivity (VCS) and low vasoactive intestinal 
peptide (VIP)/ADH ratios, which serve as surrogate 
markers of disrupted neuroendocrine signaling. 
Importantly, these findings are not explained by 
psychiatric or primary endocrine disorders, reinforcing 
their neuroimmune etiology. 
 
Recovery of hypothalamic regulation is considered a 
late-stage goal in the CIRS Protocol. As systemic 
inflammation subsides and transcriptomic normalization 
occurs, neuropeptide signaling can gradually return to 
baseline. VIP administration is often introduced at this 
stage to stabilize blood-brain barrier integrity, re-
establish circadian rhythms, and promote neuroendocrine 
reconstitution. Restoration of MSH production is not 
always immediate, but surrogate improvements in 
thermoregulation sleep quality and pain thresholds 
provide functional evidence of central recovery 9. 
 
Chronic Inflammatory Response Syndrome Protocol 

Labs: TGF-β1, MMP-9, C4a, VEGF, VIP, ADH/Osmo, 

HLA 
Accurate diagnosis of CIRS relies heavily on a 
reproducible set of laboratory markers validated 
through the Shoemaker Protocol. This suite of tests 
captures the systemic inflammation, vascular disruption, 
neuroendocrine imbalance, and genetic predispositions 
associated with chronic biotoxin exposure. By centralizing 
biomarker interpretation, clinicians can distinguish CIRS 
from overlapping inflammatory or neurodevelopmental 
conditions and tailor interventions based on individual 
pathophysiology. This section details seven cornerstone 

biomarkers: TGF-β1, MMP-9, C4a, VEGF, VIP, 

ADH/osmolality ratio, and HLA-DR/DQ typing, while 
avoiding repetition of transcriptomic or imaging content 
detailed elsewhere. 
 

TGF-β1: Immune Signaling and Fibrotic Priming  

Transforming Growth Factor Beta-1 (TGF-β1) plays a 



Chronic Inflammatory Response Syndrome 

© 2025 European Society of Medicine 16 

 dual role in immune tolerance and fibrotic remodeling. In 

CIRS, elevated TGF-β1 (>10,000 pg/mL) marks a shift 

from immune regulation to dysregulation, particularly via 
suppression of regulatory T cells and promotion of Th17-
mediated inflammatory cascades 12. Beyond its 

immunological signaling, high TGF-β1 levels stimulate 

fibroblast activation and extracellular matrix deposition, 
contributing to persistent inflammation in sinopulmonary 

and gastrointestinal tissues. Although TGF-β1 is also 

relevant to blood-brain barrier integrity, this section 
focuses on its peripheral systemic effects and therapeutic 
tracking during binder therapy and environmental 
remediation. 
 
MMP-9: Matrix Disruption and Inflammatory Signaling  
Matrix Metalloproteinase-9 (MMP-9) reflects leukocyte-
induced extracellular matrix degradation and systemic 
inflammation. Elevated levels (>332 ng/mL) indicate 
matrix breakdown at vascular interfaces, which can 
exacerbate endothelial permeability and peripheral 
nerve irritation 7. This biomarker is particularly useful in 
early diagnostic stages, often rising prior to more overt 
cytokine shifts. It also tracks tissue-level inflammation 
beyond the CNS, including joint pain, skin sensitivity, and 
gastrointestinal dysmotility. MMP-9 is monitored before 
and after binder therapy and during re-exposure 
assessments. 
 
C4a: Complement Cascade Activation and Oxidative 
Injury  
Complement component 4a (C4a) is generated via the 
classical complement and mannose-binding lectin 
pathways and activation represents innate immune 
overdrive. Levels frequently exceed 20,000 ng/mL 
during acute exposure or relapse events 30. Clinically, 
C4a elevation contributes to vascular instability, redox 
imbalance, and peroxynitrite formation. This oxidative 
stress disrupts mitochondrial efficiency and may explain 
cyclic energy crashes and inflammatory flares. In patients 
with prolonged exposure or repeated re-exposures, 
elevated C4a often persists despite normal VEGF or 
MMP-9, making it valuable for monitoring chronicity and 
rebound activity. 
 
VEGF: Peripheral Hypoperfusion and Delayed Tissue 
Repair 
Vascular Endothelial Growth Factor (VEGF) is a pro-
angiogenic protein suppressed in CIRS (<31 pg/mL), 
signaling impaired microvascular integrity and capillary 
rarefaction 9. Although commonly discussed in relation to 
CNS hypoperfusion, VEGF also has peripheral 
implications delayed wound healing, muscle fatigue, and 
mucosal drying. Its measurement is most useful in 
identifying low-grade chronic tissue hypoxia, particularly 
in patients with prolonged fatigue, exertional symptoms, 
and slowed injury recovery. VEGF trends often improve 
following successful environmental remediation and VIP 
initiation, indicating restoration of perfusion balance. 

 
VIP and ADH/Osmolality Ratio: Neuroendocrine 
Integration 
Vasoactive Intestinal Polypeptide (VIP) is a hypothalamic 
neuropeptide that modulates autonomic tone, circadian 
regulation, and fluid-electrolyte homeostasis. In CIRS, VIP 

often falls below 23 pg/mL, aligning with multisystem 
autonomic symptoms. Low VIP is associated with poor 
thermoregulation, static electricity sensitivity, dysmotility, 
and decreased vascular tone. The ADH/osmolality ratio 
complements this picture by revealing fluid dysregulation: 
low ADH with elevated serum osmolality points to 
osmoregulatory failure and dehydration risk 20. 
 

Importantly, VIP is not initiated until late in the CIRS 
Protocol, making its interpretation time-sensitive. These 
markers help determine eligibility for neuropeptide 
reintroduction and flag persistent hypothalamic 
suppression that may not present with overt symptoms but 
can compromise treatment efficacy. 
 

HLA-DR/DQ Genotyping  
Defining Susceptibility Endotypes Human Leukocyte 
Antigen (HLA)-DR/DQ genotyping identifies specific 
alleles that impair biotoxin clearance through ineffective 
antigen presentation. Roughly 24% of the population 
carries these high-risk haplotypes, such as 11-3-52B 
(multi-susceptible), 4-3-53 (multi-susceptible), or 7-2-53 
(mold-susceptibility) 30. Presence of these alleles is 
neither diagnostic nor deterministic but offers critical 
prognostic value. In CIRS patients with environmental 
triggers, HLA typing supports diagnosis, informs relapse 
risk, and guides counseling on future exposures. It also 
stratifies patients who may require longer durations of 
therapy due to genetically mediated inflammatory 
persistence. 
 

Refining Interpretation for Clinical Application  
Each of these laboratory markers serves a specific 
diagnostic, monitoring, or therapeutic function within the 
Shoemaker Protocol. Homeostasis is a proper balance of 
all the varying systems of the body working to meet the 
needs of the body at that time. If the body bleeds without 
clotting, the organism suffers damage or dies. If the body 
clots too much, it will inhibit blood flow globally and the 
organism suffers damage or dies. Regulation of all body 
systems is necessary. Each system is regulated to maintain 
the proper balance required by the body at that moment. 
Dysregulation of the innate immune system, followed by 
the dysregulation of other systems, is a hallmark of CIRS. 
The lab markers identify these dysregulations. 
 

Rather than relying on single-point elevations, 
practitioners should interpret them as part of dynamic, 
interrelated systems. For instance, elevated C4a 
alongside low VEGF indicates simultaneous oxidative 
stress and hypoperfusion, suggesting a need for both 
detoxification and perfusion support. Conversely, high 

MMP-9 with low TGF-β1 may suggest early-stage matrix 

disruption without fibrotic remodeling. 
 

The interpretive power of these markers also extends to 
relapse detection. Post-treatment monitoring that reveals 
re-emerging MMP-9 or suppressed VIP—especially in 
the context of symptom reactivation—can pinpoint subtle 
re-exposure or treatment nonadherence before clinical 
deterioration becomes overt. 
 

In sum, the Shoemaker biomarker suite provides a 
mechanistically grounded, clinically actionable 
framework for diagnosing and managing CIRS. When 
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interpreted longitudinally and in conjunction with 
environmental and symptom data, these markers enable 
precision-guided intervention in a condition defined by 
immune complexity and exposure-related dynamics. 
 

Supplementary Tests: GENIE, NeuroQuant, MARCoNS 
Culture, VCS Nasal Swab 
Beyond the core Shoemaker biomarker panel, several 
advanced diagnostic tools play a pivotal role in 
confirming the presence of CIRS, identifying its 
neuroimmune consequences, and monitoring treatment 
efficacy. These include Visual Contrast Sensitivity (VCS) 
screening, transcriptomic and volumetric platforms such as 
GENIE and NeuroQuant, respectively, and microbial 
cultures targeting MARCoNS for inflammatory microbial 
surveillance. Together, these tools provide a 
multidimensional framework to detect biotoxin-induced 
dysfunction across immune, neurological, microbial, and 
sensory domains. 
 

GENIE and NeuroQuant: Supportive Technologies in 
Broader Context 
While covered extensively in previous sections, it is worth 
noting that both GENIE transcriptomics and NeuroQuant 
imaging serve as cornerstone tools in CIRS diagnostics. 
GENIE offers a molecular window into immune system, 
mitochondrial, and ribosomal dysregulation, while 
NeuroQuant provides objective structural data on brain 
volume abnormalities. In the context of supplementary 
testing, their role lies in reinforcing clinical suspicion, 
stratifying complex cases, and monitoring treatment 
progression—not as standalone diagnostics but as part 
of an integrative workup 12, 3.  
 

MARCoNS Culture: Identifying Biofilm-Associated 
Nasal Colonization 
Multiple Antibiotic-Resistant Coagulase Negative 
Staphylococci (MARCoNS) are gram-positive cocci that 
frequently colonize the nasopharynx of individuals with 
CIRS. Unlike typical pathogens, MARCoNS reside within 
complex biofilms that shield them from immune clearance 
and antimicrobial therapy. These biofilms harbor 
quorum-sensing systems that regulate toxin release and 
virulent gene expression, contributing to chronic 
inflammation even in the absence of overt infection 12.  
 

MARCoNS produces alpha-hemolysin and exotoxins that 
can suppress hypothalamic function and disrupt mucosal 
immunity. Their presence has been strongly correlated 
with treatment resistance, symptom flares, and relapse 
after partial recovery. Importantly, they function as 
chronic inflammatory reservoirs—sustaining cytokine 
elevation, immune system provocation, and neuroimmune 
crosstalk. 
 

Testing is conducted via deep nasal swab cultures using 
specific media that support detection of resistant 
staphylococcal strains. Once identified, MARCoNS 
require targeted eradication using combination 
therapies, most commonly the EDTA spray, which disrupts 
biofilm architecture and enhances antibiotic penetration. 
Studies show that successful MARCoNS eradication 
correlates with clinical stabilization, reduction in 
inflammatory markers, and improved neuroendocrine 
profiles 12.  

Visual Contrast Sensitivity (VCS): Screening for 
Neurotoxic Impairment 
Visual Contrast Sensitivity (VCS) testing assesses the 
ability of the visual system to detect subtle differences in 
contrast across varying spatial frequencies. This simple, 
non-invasive exam reveals early neurophysiological 
changes linked to capillary hypoperfusion, retinal 
ganglion cell dysfunction, and central inflammation—all 
common features of CIRS 31. 

 
In the Shoemaker model, over 90% of untreated CIRS 
patients demonstrate abnormal VCS results. This is 
thought to reflect both retinal and cortical processing 
deficits, potentially caused by the systemic effects of 
VEGF suppression and cytokine-mediated microvascular 
injury. VCS loss can appear even in patients with normal 
visual acuity, making it a valuable early detection tool. 

 
VCS is especially useful in pediatric populations due to 
its speed, accessibility, and reproducibility. In clinical 
settings, VCS serves as both a diagnostic aid and a post-
treatment recovery metric. Improvement in VCS scores 
often coincides with clinical progress and biomarker 
normalization, and in some cases precedes symptomatic 
improvement—making it a sensitive indicator of 
therapeutic efficacy 7.  

 
Deep Nasal Swab for Inflammatory Microbial 
Surveillance 
Unlike superficial nasal cultures, deep nasal swabs target 
the posterior nasopharyngeal vault where biofilms 
typically reside. qPCR and specialized culture techniques 
are used to identify resistant strains, low-virulence 
organisms, and environmental microbes that standard 
tests may miss. This includes pathogens associated with 
water-damaged buildings, an essential exposure vector 
in many CIRS cases 2.  

 
Positive findings inform tailored antimicrobial or 
antifungal interventions, but perhaps more critically, they 
serve as biological evidence of persistent environmental 
colonization. In some pediatric cases, repeated exposure 
to contaminated air or dust results in recurrent microbial 
inoculation, triggering inflammatory relapses and 
reversing treatment gains. Nasal swab surveillance helps 
guide decisions around environmental remediation, 
antifungal prophylaxis, and extended detoxification 
protocols. 

 
Integrated Use in Clinical Decision-Making 
When layered atop the foundational Shoemaker 
biomarkers, these supplementary tests enable clinicians to 
resolve diagnostic ambiguity, track subclinical 
inflammation, and personalized treatment. For example: 

● A positive MARCoNS culture may explain persistent 

fatigue or regression despite normalized TGF-β1 

levels. 

● VCS abnormalities may precede changes in lab 
markers, signaling early relapse or re-exposure. 

● Persistent microbial findings on nasal swabs may 
indicate the need for extended environmental control 
or additional binding therapies. 

 



Chronic Inflammatory Response Syndrome 

© 2025 European Society of Medicine 18 

In complex pediatric cases with unexplained regression, 
multisystem complaints, or non-response to standard 
interventions, these tests help distinguish CIRS-related 
pathophysiology from behavioral or developmental 
disorders. By addressing molecular, microbial, 
neuroanatomical, and sensory domains, they offer a 
comprehensive picture of neuroimmune dysfunction that 
cannot be captured through single-modality testing. 
 

Neuroimmune and Metabolic Conse-
quences of Untreated Chronic Inflamma-
tory Response Syndrome in Autism 
Chronic Microglial Activation, Mast Cell Dysregulation, 
Oxidative Stress  
When CIRS remains undiagnosed or untreated in 
pediatric populations, the sustained neuroimmune burden 
may trigger profound alterations in brain function, 
behavior, and cellular metabolism, particularly in children 
already carrying a diagnosis of autism spectrum disorder 
(ASD). CIRS is not simply an inflammatory illness of the 
periphery; it exerts direct effects on the central nervous 
system (CNS) through persistent activation of microglia, 
dysregulation of mast cells, and widespread redox 
imbalance. NeuroQuant studies document added 
structural brain damage is occurring in children with CIRS. 
These pathophysiological processes converge on brain 
regions responsible for sensory integration, affect 
regulation, cognition, and social behavior, potentially 
mimicking or exacerbating features of complex autism. 
 

Chronic Microglial Activation and Synaptic Disruption 
Microglia, the resident immune cells of the CNS, serve as 
sentinels and regulators of neurodevelopment, synaptic 
remodeling, and injury response. Under normal 
physiological conditions, microglia prune redundant 
synapses and support neuronal circuit refinement. 
However, in CIRS, persistent peripheral inflammation, 

particularly elevated levels of TGF-β1, MMP-9, IL-1β, 

and C4a, leads to prolonged microglial activation 7, 19.  
 

This chronic microglial priming results in: 

● Excessive synaptic pruning, reducing neural network 
complexity and elevated production of pro-

inflammatory cytokines (IL-6, TNF-α) within brain 

parenchyma 

● Astrocytic reactivity and impaired glutamate 
clearance, contributing to excitotoxicity 

 

Importantly, microglial activation is not uniformly 
distributed. NeuroQuant data show that brain regions 
such as the hippocampus, amygdala, and basal ganglia, 
already volumetrically altered in CIRS—are among the 
most vulnerable to microglial-driven injury 9. Functional 
consequences include impaired memory consolidation, 
exaggerated emotional responses, and sensorimotor 
disinhibition, all of which are commonly misattributed to 
behavioral subtypes of ASD. Neuropsychological testing 
in CIRS commonly shows decreased sensory perception 
(auditory or visual, most commonly). 
 

Emerging neuroimaging studies in ASD have identified 
similar glial activation patterns, with increased TSPO PET 
ligand binding in the cerebellum and frontal cortex 18. 
However, while microglial priming in classical ASD may 

reflect early developmental immune insults, CIRS-related 
microglial pathology is progressive and exposure-driven, 
highlighting the need for a reversible, immune-targeted 
intervention strategy. 
 
Mast Cell Activation and Peripheral–Central Nervous 
System Crosstalk 
Mast cells, long recognized for their roles in allergic 
responses, are now understood to play crucial 
interactions with the BBB, gut-brain axis, and meningeal 
layers. In CIRS, persistent exposure to biotoxins and 
actinobacteria has been shown to trigger mast cell 
degranulation, releasing vasoactive amines (e.g., 
histamine), proteases (e.g., tryptase), and pro-
inflammatory cytokines that compromise vascular 
integrity and promote neuroinflammation 20. 
 
In children with ASD, mast cell activation has been linked 
to: 

● Gastrointestinal dysmotility and permeability 

● Cortical irritation, contributing to sensory 
hypersensitivity 

● Sleep disruption and mood lability 
 
Untreated CIRS may aggravate these symptoms through 
sustained mast cell activation, particularly in children with 
underlying allergic diatheses or Ehlers-Danlos-like 
connective tissue variants. Elevated levels of C4a can 
directly induce mast cell degranulation. Additionally, 

mast cell-derived cytokines like IL-6 and TNF-α cross the 

BBB, further fueling microglial activation and cortical 
dysregulation. 
 
Recent studies in complex autism subsets have revealed 
elevated serum tryptase and urinary histamine 
metabolites, as well as mast cell infiltration in postmortem 
brain tissue, findings that mirror those observed in 
environmental neuroinflammatory conditions like CIRS. 
This overlap supports a model in which CIRS-induced mast 
cell activation acts as a peripheral amplifier of CNS 
inflammation, contributing to the worsening of autistic 
features in genetically or epigenetically vulnerable 
children. 
 
Oxidative Stress and Mitochondrial Breakdown 
Another major consequence of untreated CIRS is redox 
imbalance, a condition characterized by excessive 
production of reactive oxygen species (ROS) and 
insufficient antioxidant capacity. Transcriptomic findings 
from GENIE analyses reveal suppressed expression of 
mitochondrial oxidative phosphorylation genes (e.g., 
COX5B, NDUFA9) and antioxidant defense genes (e.g., 
NFE2L2, GPX1), alongside upregulation of pro-oxidant 
enzymes such as NOX2 and iNOS 17. 
 
The result is widespread oxidative damage to: 

● Neuronal mitochondria, impairing ATP production 

● Membrane lipids, compromising signal transduction 

● Nucleic acids, affecting gene expression and repair 
fidelity 

 
These changes are particularly detrimental in high-
demand brain regions such as the prefrontal cortex, 
hippocampus, and cerebellum. In pediatric patients, 
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symptoms may manifest as mental fatigue, sensory gating 
failure, motor clumsiness, and emotional dysregulation—
features easily misclassified as intrinsic autism traits. 
 
Oxidative stress is also self-reinforcing: damaged 
mitochondria leak additional ROS, perpetuating a cycle 
of neurotoxicity. Furthermore, oxidative stress impairs 
glutathione metabolism, reduces methylation capacity, 
and exacerbates neuroinflammatory signaling—a 
biochemical profile consistently documented in children 
with regressive or treatment-resistant ASD 32, 16.  

 
In this context, untreated CIRS does not merely "co-occur" 
with autism but acts as an active driver of 
neurodevelopmental deterioration, capable of 
amplifying core ASD symptoms through secondary 
metabolic collapse. 

 
Behavioral Manifestations: Aggression, Regression, 
Sensory Storms 
The downstream consequences of untreated CIRS in 
pediatric populations frequently extend beyond 
physiological or metabolic dysfunction, manifesting as 
complex and often debilitating behavioral phenomena. 
In children with underlying or co-occurring autism 
spectrum disorder (ASD), these behavioral changes can 
intensify core symptoms or introduce atypical features not 
consistent with classical neurodevelopmental trajectories. 
Clinical patterns such as sudden aggression, cognitive 
regression, and sensory dysregulation are increasingly 
recognized as external expressions of internal 
neuroimmune instability triggered by unresolved biotoxin 
exposure and systemic inflammation. 
 
Neuroimmune Triggers of Aggression and Irritability 
Aggression in children with CIRS overlaps mechanistically 
with inflammatory injury to frontolimbic circuits, 
particularly the prefrontal cortex, amygdala, and 
anterior cingulate cortex. Pro-inflammatory cytokines 

such as IL-1β, IL-6, and TNF-α cross the blood-brain 

barrier, altering GABAergic inhibition and serotonergic 
signaling, both of which are implicated in impulse control 
and emotional regulation 19.  Simultaneously, 
hippocampal dysfunction, commonly observed in CIRS via 
NeuroQuant analysis, compromises contextual memory 
and frustration tolerance, contributing to reactive 
outbursts. 

 
Parents and clinicians often report that such aggression is 
cyclical, surfacing during inflammatory flares and 
subsiding with anti-inflammatory interventions or 
environmental changes. This waxing and waning pattern 
sharply contrasts with the more persistent behavioral 
rigidity seen in idiopathic ASD, and it frequently emerges 
after a period of developmental stability, a red flag for 
CIRS-related neuroinflammation. 

 
Regression as a Dynamic Symptom of Biotoxin-
Induced Encephalopathy 
Developmental regression, loss of previously acquired 
language, toileting, motor, or social skills, is a clinical 
hallmark in many cases of pediatric CIRS, particularly 
those following mold exposure, chronic infections, or 
water-damaged home environments 8. Regression in this 

context is not limited to early childhood but can occur at 
any developmental stage, often repeatedly and in 
response to re-exposure or immune reactivation. 
 
Unlike regression in ASD, which typically occurs between 
18 and 30 months and stabilizes thereafter, CIRS-related 
regression is episodic and reversible, involving both 
cognitive and motor domains. Children may temporarily 
lose speech, handwriting abilities, or toilet training, only 
to regain them following treatment with binders, VIP, or 
nasal anti-inflammatories 33. This plasticity underscores a 
functional, rather than degenerative, mechanism of injury, 
most likely linked to reversible neuroinflammation and 
disrupted synaptic transmission. 
 
Furthermore, this symptom pattern frequently co-occurs 
with fatigue, light sensitivity, static shocks, and 
temperature dysregulation. Somatic indicators rarely 
present in idiopathic autism but characteristic of biotoxin 
illness 1. 
 
Sensory Storms and Perceptual Dysregulation 
Children with untreated CIRS often display acute sensory 
processing disturbances, described by caregivers as 
“storms”—sudden, overwhelming responses to visual, 
auditory, tactile, or olfactory input. These episodes may 
involve screaming, self-injury, hiding, or extreme 
agitation in response to seemingly benign stimuli such as 
light flicker, background noise, or certain textures. They 
can occur as often as daily and can last up to 3-4 hours. 
 
This sensory hyperreactivity correlates with: 

• Elevated MMP-9, compromising blood-brain barrier 
integrity 

• Decreased VIP and VEGF, leading to cerebral 
hypoperfusion, BBB integrity loss, and impaired 
sensory gating 

• Microglial activation, dysregulating thalamocortical 
sensory circuits 

 
Importantly, these storms are not constant, but event-
triggered and often resolve with interventions that restore 
neurovascular integrity and reduce neuroinflammation 
(e.g., VIP nasal spray, removal from biotoxin exposure). 
Their episodic nature further distinguishes CIRS from 
primary sensory processing disorder (SPD) or static 
autism phenotypes. 
 
Moreover, children experiencing sensory storms often 
exhibit systemic symptoms such as urinary frequency, 
headaches, and unexplained rashes, again pointing to a 
multi-systemic etiology beyond the confines of traditional 
neurodevelopmental diagnoses. 
 
Clinical Relevance 
Understanding these behavioral manifestations as 
reflections of underlying neuroimmune injury is critical for 
effective intervention. Treating episodic aggression, 
regression, or sensory dysregulation solely through 
behavioral or psychiatric models risks misdiagnosis and 
therapeutic failure. In contrast, recognition of CIRS as a 
treatable driver of neurobehavioral instability enables 
targeted therapy that can lead to marked improvement 
or even  resolution of  symptoms that would  otherwise be 
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deemed permanent or intractable. 
 

Therapeutic Implications and Emerging 
Interventions 
Shoemaker Protocol and Targeted Pharmacological 
Agents (e.g., VIP, CSM)  
The management of Chronic Inflammatory Response 
Syndrome (CIRS), particularly in children with 
neuropsychiatric and autism-spectrum symptoms, requires 
a systematic and biologically informed therapeutic 
approach. The CIRS Protocol was validated across 
thousands of patients and remains the most extensively 
researched and clinically applied framework for treating 
biotoxin-induced illness. It is grounded in a precision 
medicine paradigm, targeting known immune, vascular, 
endocrine, and neuroinflammatory disturbances 
documented in CIRS through biomarker-guided 
interventions. In pediatric patients, this strategy is not only 
effective but often transformative. 
 
Stepwise, Biomarker-Driven Intervention 
The CIRS Protocol proceeds in a defined sequence, with 
each step addressing a distinct pathophysiological tier in 
CIRS. Core therapeutic goals include: 

● Elimination of biotoxin exposure 

● Binding and removal of circulating toxins 

● Correction of immune and endocrine 
dysregulation 

● Restoration of vascular and neuropeptide 
homeostasis 

● Eradication of colonizing microbes (e.g., 
MARCoNS) 

● Reversal of neuroinflammatory and 
transcriptomic abnormalities 

 
This multistep process is anchored in reproducible 

laboratory metrics, including TGF-β1, C4a, MMP-9, VIP, 

VEGF, and VCS scores, as well as transcriptomic markers 
via GENIE 9.  

 
Cholestyramine (CSM): The Foundation of Toxin 
Clearance 
Cholestyramine, an FDA-approved bile acid sequestrant, 
is the cornerstone agent for biotoxin binding in CIRS. Due 
to the lipophilic nature of many mold-derived and 
bacterial toxins, they undergo enterohepatic 
recirculation, avoiding renal clearance and accumulating 
in susceptible individuals. CSM binds these compounds in 
the intestinal lumen and promotes their excretion via 
feces, interrupting the toxin recycling loop 1,6,7,36. 
 
Clinical outcomes associated with CSM include: 

● Rapid improvement in fatigue and brain fog 

● Reduction in C4a and MMP-9 levels 

● Normalization of VCS within 2–4 weeks 

 
In pediatric populations, dosing must be carefully titrated 
to prevent interference with nutrient absorption, and 
palatability may be a barrier. Some children tolerate 
colesevelam (Welchol) better, though its binding affinity 
for biotoxins is lower. Importantly, CSM is not used in 
isolation—it is the first step in a multilayered protocol 

and must be continued until environmental remediation is 
complete and inflammatory biomarkers normalize. 
 
VIP Nasal Spray: Restoring Vascular and 
Neuroimmune Balance 
Vasoactive Intestinal Polypeptide (VIP) is a hypothalamic 
neuropeptide with profound anti-inflammatory, 
vasodilatory, and immune-regulating effects. In CIRS, VIP 
levels are frequently suppressed, correlating with 
reduced capillary perfusion, neurovascular hypoxia, and 
systemic inflammation. VIP replacement via prescription 
nasal spray is typically reserved for later stages of the 
CIRS Protocol—only after environmental exposure is 
halted, VCS is normalized, and MARCoNS eradicated 17.  
 
VIP’s therapeutic actions include: 

● Restoration of endothelial nitric oxide signaling, 
improving microcirculation 

● Suppression of proinflammatory cytokines, including 

TGF-β1 and IL-6 

● Improvement in neurocognitive performance and 
autonomic regulation 

 
Clinical trials and case series have documented 
measurable reversal of brain volume abnormalities 
observed on imaging (e.g., hippocampal atrophy, 
caudate atrophy, putamen hypertrophy) and 
normalization of transcriptomic patterns following VIP 
therapy 6. Pediatric patients often show marked 
improvements in attention span, verbal fluency, anxiety 
regulation, and sleep quality within weeks of initiating 
VIP. 
 

However, improper use of VIP in patients with active 

MARCoNS colonization, elevated TGF-β1, or ongoing 

toxin exposure may worsen symptoms. It is therefore 
essential that VIP be administered only in protocol-
compliant contexts, under the guidance of practitioners 
trained in the Shoemaker model. 
 

Other Targeted Agents Within the Protocol 
In addition to CSM and VIP, the CIRS Protocol includes 
several adjunctive pharmaceutical strategies: 

● EDTA nasal spray, EDTA, for eradication of 
MARCoNS 

● Omega-3 fatty acids, Vitamin D3, and bile acid 
support to preserve mucosal and cellular integrity 
during toxin mobilization 

 

These agents are introduced only after the prior 
treatment steps are completed and validated via labs, 
ensuring each intervention is biologically justified and 
strategically sequenced. 
 

Safety, Tolerability, and Pediatric Considerations 
The CIRS Protocol is adaptable to pediatric care, but 
clinical vigilance is essential. Younger children may 
require: 

● Lower or modified dosages 

● More frequent monitoring of labs and side effects 

● Coordination with behavioral and developmental 
specialists to track neurocognitive response 

● Alternative treatment options as highlighted in Part 
3. 



Chronic Inflammatory Response Syndrome 

© 2025 European Society of Medicine 21 

Integration with caregiver education and environmental 
remediation counseling is crucial to maintain compliance 
and prevent re-exposure. When applied correctly, the 
protocol has demonstrated high safety and efficacy, with 
many children showing sustained remission of both 
systemic and behavioral symptoms. 
 
Integrative Therapies: Environmental Remediation, 
Mitochondrial, and Immune Support  
While the CIRS Protocol forms the medical backbone of 
CIRS treatment, successful long-term recovery—
particularly in children with autism and complex 
neuroimmune comorbidities—requires a broader 
integrative approach. This includes strategies that 
address the toxicant source (environmental remediation), 
support metabolic resilience (mitochondrial therapies), 
and modulate immune dysfunction (nutritional and 
botanical interventions). Such measures not only improve 
clinical outcomes but also restore physiological stability, 
reduce relapse risk, and support recovery in children with 
neuroimmune dysfunction. 
 

Environmental Remediation: Eliminating the Source of 
Exposure 
Removal from biotoxin-contaminated environments is the 
non-negotiable first step in any integrative CIRS 
management plan. No therapeutic protocol, 
pharmacological or otherwise, can succeed in the 
presence of continued antigenic stimulation. Studies by 
Shoemaker and colleagues have consistently 
demonstrated that failure to remediate mold and 
actinobacteria exposure results in persistent elevation of 

TGF-β1, C4a, MMP-9, and other inflammatory mediators 

despite appropriate pharmaceutical intervention 
(Shoemaker et al., 2010). 
 
Effective remediation strategies include: 

● Professional environmental assessments using ERMI 
and HERTSMI-2 scoring systems 

● HVAC decontamination, HEPA filtration, and humidity 
control (<50%) 

● Removal of water-damaged materials and building 
redesign where necessary 

● Repeat testing post-remediation to confirm biotoxin 
clearance.  

 

In pediatric cases, re-exposure often results in symptom 
flare, including regression, aggression, sleep 
disturbances, and autonomic instability. Thus, clinicians 
must collaborate closely with environmental consultants 
and families to ensure both initial remediation and 
ongoing maintenance of a low-biotoxin environment. 
 

Mitochondrial Support: Restoring Cellular Energy and 
Neuroprotection 
As documented in multiple CIRS and autism-related 
studies, mitochondrial dysfunction is a central 
pathophysiological mechanism driving fatigue, cognitive 
decline, and behavioral volatility. Biotoxins disrupt 
oxidative phosphorylation, reduce ATP production, and 
elevate reactive oxygen species (ROS), leading to 
systemic energy deficits and neuroinflammation 6, 16.  
 

Integrative mitochondrial therapies focus on: 

● Cofactor repletion: L-carnitine, Coenzyme Q10, 
riboflavin, NADH 

● Membrane stabilization: Phosphatidylcholine, 
omega-3 fatty acids 

● Antioxidant therapy: Alpha-lipoic acid, N-
acetylcysteine, glutathione 

● Krebs cycle intermediates: Malic acid, succinate, 
and fumarate can support mitochondrial function. In 
children, mitochondrial support is especially critical 
during the CSM or VIP phases of the Shoemaker 
Protocol, when detoxification demands are high. 
Clinical benefits include improved stamina, mood 
stabilization, speech recovery, and reduced post-
exertional malaise, particularly in children with dual 
diagnoses of CIRS and regressive autism 37. 

 
Immune Modulation Through Nutraceuticals  
While Shoemaker’s protocol addresses core 
immunological imbalances, adjunctive immune-
modulatory therapies, when implemented judiciously, can 
offer synergistic benefit. Inflammation in CIRS is driven 
by chronic activation of Th1/Th17 pathways, impaired 
regulatory T-cell function, and failure to resolve innate 
immune responses. Selecting integrative agents may help 
rebalance immune tone, suppress neuroinflammation, and 
promote tolerance. 

 
Notable interventions include: 

● Low-dose naltrexone (LDN): Modulates microglial 
activation and Treg activity 

● Curcumin: NF-κB inhibition and antioxidant effects in 

neuroinflammatory models 

● Quercetin and luteolin: Mast cell stabilization and 
cytokine suppression 

● Vitamin D3: Enhances regulatory immune signaling 
and blood–brain barrier integrity 

 
Nutritional and Lifestyle Optimization 
Many children with CIRS present with secondary 
nutritional deficiencies due to malabsorption, 
gastrointestinal  
 
inflammation, or restricted diets linked to autism. 
Integrative management includes: 

● Comprehensive micronutrient testing (e.g., zinc, 
magnesium, B vitamins) 

● Gut microbiome support with specific probiotics and 
prebiotics (post-MARCoNS clearance) 

● Elimination of dietary triggers (gluten, casein, 
oxalates) where clinically indicated 

 
In addition, structured sleep hygiene, light and sound 
therapy, and sensory integration programs can reduce 
allostatic load, enhancing the body's ability to repair 
neuroimmune damage. Movement-based therapies such 
as yoga or neurodevelopmental sequencing may support 
limbic retraining and vagal tone restoration, especially 
when used alongside pharmacological interventions. 
 
The therapeutic trajectory of pediatric CIRS, especially in 
children with overlapping autism phenotypes, depends on 
precision, timing, and systemic integration. While the CIRS 
Protocol offers the molecular roadmap, the terrain of 
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recovery must be navigated holistically, with attention to 
detoxification, mitochondrial resilience, immune 
recalibration, and environmental safety. 

 
Integrative therapies, when aligned with biomedical 
treatment stages and adjusted to individual tolerance, 
offer not just symptom control but systems-level 
restoration, enabling neurodevelopmental potential to 
reemerge where inflammation once reigned. 

 

Research Gaps and Future Directions 
Need for Pediatric-Specific CIRS–Autism Studies and 
Longitudinal Cohorts 
Despite the increasing clinical recognition of CIRS in 
children with complex autism spectrum disorder (ASD), 
current literature remains predominantly adult-focused, 
with a paucity of pediatric-specific studies that integrate 
validated diagnostic platforms such as GENIE, 
NeuroQuant, and Shoemaker’s biomarker panel. This 
limitation represents a significant barrier to the formal 
recognition, classification, and targeted treatment of 
CIRS as a pediatric neuroimmune disorder. 

 
Most available data on pediatric CIRS derives from 
observational reports, internal white papers, or 
practitioner case series, such as those presented by 
McMahon and Smith 38, rather than from longitudinal, 
peer-reviewed cohort studies. Consequently, there 
remains no standardized developmental framework for 

interpreting diagnostic markers like TGF-β1 or C4a in 

children, nor any published age-adjusted normative data 
for NeuroQuant-based volumetric shifts in key structures 
such as the caudate, hippocampus, and putamen. 

 
This gap is particularly problematic because children 
present with distinctive symptom profiles not always 
reflected in adult populations. Pediatric CIRS cases 
frequently involve: 

 

Sudden behavioral regression 
Cyclical sensory storms 
Academic decline and verbal disintegration 
Tics, sleep disturbances, and autonomic symptoms 
Many of these signs are often misattributed to primary 
autism spectrum traits, leading to missed diagnoses and 
lost treatment opportunities 8. Establishing pediatric-
specific CIRS diagnostic criteria, including age- and sex-
stratified reference ranges for Shoemaker’s biomarkers 
(e.g., VIP, MMP-9, VEGF) and VCS performance, is 
essential to improve diagnostic specificity in this 
demographic.  

 
A compelling research priority involves the design of 
large-scale, prospective cohort studies enrolling children 
with regressive autism, or multisystem flares following 
environmental exposures. Participants could undergo 
standardized assessment using the Shoemaker Panel, 
GENIE transcriptomics, and NeuroQuant volumetric 
analysis at baseline and at defined intervals (e.g., 3, 6, 
and 12 months). Tracking biomarker trends 20, alongside 
neurocognitive and behavioral outcomes would enable 
identification of treatment-responsive endotypes, as well 
as temporal associations between environmental 

remediation, immune normalization, and symptom 
resolution. 
 
In parallel, a real-world registry capturing pediatric 
CIRS+ASD cases from CIRS-certified practitioners 
nationwide could be used to build a shared biorepository 
and database. Such a platform would support 
longitudinal surveillance and allow for biomarker 
stratification based on HLA-DR/DQ genotype, 
environmental burden (e.g., ERMI scores), or co-infection 
profiles (e.g., Borrelia, MARCoNS, actinomycetes). 
Standardized data collection tools, including symptom 
tracking scales, VCS scores, and home mold assays, would 
further enhance validity and comparability. 
 
Moreover, longitudinal studies are urgently needed to 
evaluate: 

● Whether early CIRS intervention can alter 
neurodevelopmental trajectories in children with 
overlapping autism and immune dysfunction 

● The duration required for normalization of 
neuroimaging and gene expression signatures post-
treatment 

● The prognostic role of HLA-DR/DQ haplotypes in 
therapeutic response and relapse risk 

● The developmental and cognitive outcomes of CIRS-
positive vs. CIRS-negative ASD subtypes over time 

 
These investigations would also facilitate biomarker 
discovery and the stratification of CIRS–autism overlap 
into distinct clinical endotypes, improving precision 
targeting of immunomodulatory and detoxification 
therapies. 
 
Ethical and practical considerations in pediatric biotoxin 
research must also be addressed. These include 
minimizing MRI/VCS testing frequency, ensuring informed 
parental consent for genomic studies, and maintaining 
privacy in environmental exposure documentation. 
Nonetheless, the potential benefit, identifying treatable 
inflammatory subtypes within the autism spectrum, clearly 
outweighs these logistical challenges. 
 
Multidisciplinary collaboration will be necessary to 
realize these goals. Integration between CIRS-certified 
clinicians, academic neuroimmunology researchers, and 
pediatric psychiatry teams could enable real-world 
recruitment and cross-validation of clinical observations. 
Institutional support for such collaboration will be 
essential to transition CIRS from a clinically recognized 
syndrome to a formally studied pediatric neuroimmune 
disorder. 
 
Bridging GENIE, NeuroQuant, and Biomarker Panels 
for Precision Diagnostics 
The integration of GENIE transcriptomics, NeuroQuant 
volumetric imaging, and the Shoemaker biomarker panel 
offers a multidimensional diagnostic strategy for 
pediatric CIRS, especially in autism-spectrum cases with 
overlapping immune dysfunction. Each platform provides 
a unique lens: GENIE captures systemic transcriptomic 
shifts including innate immune activation, redox 
imbalance, and mitochondrial suppression; NeuroQuant 
quantifies neuroanatomical deviations such as 
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hippocampal atrophy and caudate atrophy; and the 
Shoemaker labs reflect peripheral immunological and 
endocrine disruption. 

 
Together, these tools enable robust cross-validation. For 

example, elevated TGF-β1 may correspond to cortical 

atrophy and astrocytic activation, while low VIP 
correlates with autonomic symptoms and osmoregulatory 
dysfunction. Integrating data from all three allows 
clinicians to subtype pediatric cases, monitor recovery 
trajectories, and personalize treatment timelines. Moving 
forward, the creation of pediatric-specific cross-platform 
data repositories and predictive analytics models will be 
crucial in transforming CIRS from a clinical diagnosis to a 
precision-guided, systems medicine approach. 

 
Neuroimmune Resilience and Relapse Prevention in 
Pediatric CIRS 
Recovery from CIRS in pediatric populations does not end 
with symptom resolution. The post-recovery phase 
demands ongoing attention to neuroimmune resilience, the 
capacity of the child’s immune and nervous systems to 
maintain stability despite environmental or physiological 
stressors. In children with a history of biotoxin-associated 
illness, even minor re-exposures can provoke 
disproportionate responses due to retained immune 
sensitization. Understanding how to build and maintain 
resilience, while minimizing relapse risk, is an emerging 
imperative in pediatric CIRS care. 
 
Developmental Vulnerability Windows 
Children with CIRS face unique biological challenges due 
to critical periods of brain and immune development. 
Periods such as early childhood, puberty, and even 
preadolescence represent windows of heightened 
vulnerability where immune recalibration may be 
incomplete and neuroinflammatory triggers more 
impactful. Pubertal hormonal shifts, for instance, influence 
cytokine regulation, oxidative stress, and microglial 
activity, making this stage particularly risky for relapse 
or symptom reactivation. Similarly, common medical 
events such as vaccinations, minor infections, or dental 
procedures can function as transient immune stressors. 
These events, while typically well-tolerated in healthy 
children, may destabilize previously recovering CIRS 
patients and precipitate regression, fatigue, or sensory 
flare-ups. 
 
To mitigate these risks, clinicians and caregivers should 
approach these windows with heightened vigilance. 
Preemptive immune support, such as temporary dietary 
modification, antioxidant repletion, or stress reduction 
interventions, may help buffer the child’s system against 
exacerbation. More importantly, education about these 
phases allows families to prepare for and recognize 
early signs of relapse, fostering initiative-taking 
intervention. 
 
Environmental Micro-Exposures and Hidden Relapse 
Triggers 
Relapse in pediatric CIRS is not always tied to overt mold 
exposure or acute infection. Subtle environmental 
exposures, such as a damp classroom wall, recent home 
renovations, or time spent in a moldy friend’s home, can 

lead to disproportionate symptom resurgence. These 
micro-exposures are often overlooked, particularly when 
they are not accompanied by obvious environmental 
indicators like odor or visible water damage. 
 
Children are also more susceptible to airborne biotoxins 
due to their faster respiration rates and smaller body 
mass. In clinical observation, brief exposures that would 
not significantly impact an adult can cause irritability, 
sleep disruption, or flare-ups in visual contrast sensitivity 
(VCS) in a sensitized child. This underscores the 
importance of not only maintaining a biotoxin-free home 
environment but also advocating for safe air quality in 
schools, daycare settings, and extracurricular 
environments. 
 
Toward Pediatric Resilience Scoring 
The concept of neuroimmune resilience is still emerging, 
but clinicians are beginning to define it based on markers 
such as sustained symptom remission, environmental 
tolerance, stable inflammatory markers, and preserved 
cognitive function under stress. Although no formal scoring 
system exists, a composite pediatric resilience index could 
include: 

● Duration of relapse-free periods 

● Stability in sleep, mood, and executive functioning 

● Tolerance to mild immune or environmental 
challenges without symptom return 

● Consistent school attendance and academic 
engagement 

● Normalized circadian rhythms and appetite 
regulation 

 
Developing such indices could support standardized 
tracking across practices and guide decisions about when 
to taper interventions or resume unrestricted activity. This 
framework would be especially useful in children with 
fluctuating symptoms or high parental anxiety around 
relapse. 
 
AI-Assisted Symptom Forecasting and Digital Health 
Tools 
Recent advances in digital health are beginning to offer 
novel tools for monitoring and predicting flares in children 
with immune and neuroinflammatory conditions. 
Wearable devices capable of tracking sleep quality, 
heart rate variability, or skin conductance may serve as 
early-warning systems for impending dysregulation. 
Integrating this data with symptom diaries and 
environmental logs into an AI-based algorithm could 
enable flare forecasting based on subtle patterns—such 
as disrupted sleep three days before mood changes or 
increased sensitivity to light. 
 
Such tools are particularly well-suited for pediatric use, 
as children may struggle to articulate internal symptoms 
or recognize early warning signs themselves. A validated 
AI model could also ease caregiver burden by providing 
objective feedback on when interventions should be 
adjusted or additional support is needed. 
 
Long-Term Care Models and School Collaboration 
The final component of relapse prevention in pediatric 
CIRS involves systemic support across home, school, and 
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medical environments. Children returning to school post-
recovery may need modified schedules, air quality or 
MSqPCR (DNA) testing, or access to rest periods if fatigue 
resurfaces. Educators and school nurses should be briefed 
on the condition, even if the child appears outwardly well, 
to ensure that minor flares are identified early. 
 

Similarly, integrating CIRS history into a child’s long-term 
medical record ensures continuity of care as the child 
transitions between pediatricians, specialists, or new 
geographic regions. Annual wellness check-ins with a 
CIRS-literate provider, ideally supported by 
developmental screening and environmental 
reassessment, can help maintain remission and prevent 
regression. 
 

Pediatric neuroimmune recovery does not follow a linear 
trajectory, and resilience-building is not a one-time event. 
It requires sustained vigilance, flexible care models, and 
anticipatory support to protect vulnerable children as 
they reintegrate into normal developmental 
environments. By understanding and addressing the 
unique relapse risks faced by children with CIRS, clinicians 
and caregivers can create a framework not just for 
symptom management, but for lifelong neuroimmune 
resilience. 
 

Limitations 
The limitations of this review are the absence of uniform 
biomarker lab tests for all patients. Future efforts should 
focus on refining pediatric-specific diagnostic criteria, 
expanding access to biomarker testing, and increasing 
clinician awareness across disciplines to ensure early 
detection, precise intervention, and optimized recovery. 
 

Conclusion 
CIRS represents a distinct, environmentally acquired 
condition. In genetically susceptible individuals—

particularly those with HLA-DR/DQ haplotypes that 
impair biotoxin clearance—exposure to mold, 
actinomycetes, and endotoxins initiates a chronic 
inflammatory cascade that persists long after the initial 
trigger has been removed. 
 
This paper has outlined the core biological disruptions of 
CIRS, including capillary rarefaction, chronic complement 
activation, extracellular matrix degradation, and 
downstream hypothalamic dysfunction. These processes 
converge to produce a systemic syndrome affecting 
neurological, endocrine, gastrointestinal, and autonomic 
systems. 
 
As described in this review, CIRS is not a static or 
degenerative condition. With timely identification and 
structured intervention—including toxin binding, 
environmental remediation, anti-inflammatory therapy, 
and immune reconstitution, reversal of both symptoms and 
functional impairments is achievable. Structural brain 
changes documented in CIRS patients have shown the 
capacity for normalization under treatment, emphasizing 
the reversible nature of environmentally driven 
neuroinflammation. Restoration of hypothalamic function, 
resolution of sleep and autonomic disturbances, and 
improved multisystem resilience are possible when the 
protocol is applied in a sequence consistent with the 
patient’s physiological readiness.  
 
This review has successfully established a viable 
correlation between chronic indoor microbial exposure 
and adverse human health effects from exposure to the 
interior of a WDB leading to CIRS. The symptoms of CIRS 
can be indistinguishable from the those of the recognized 
condition of ASD. Treating CIRS as a priority led to 
significant alleviation of symptoms of both conditions and 
better clinical outcomes for the patients.  

  



Chronic Inflammatory Response Syndrome 

© 2025 European Society of Medicine 25 

References 
1. Shoemaker RC, Hudnell HK, House DE, Ryan JC. Sick 

building syndrome in water-damaged buildings: 
generalization of the chronic biotoxin-associated 
illness paradigm. Neurotoxicol Teratol. 
2010;32(2):136-144. PMID: 19828113. 

2. McMahon S. Mold illness made simple 2.0. Surviving 
Mold; 2021. 

3. Shoemaker RC, Ryan JC. NeuroQuant and CIRS: brain 
imaging in the biotoxin pathway. Surviving Mold Case 
Series Report; 2016. 

4. Shoemaker RC, McMahon S. NeuroQuant MRI: a tool 
for tracking brain recovery in chronic inflammatory 
conditions. Intern Med Rev. 2019;5(7):1-13. 

5. Ryan J, Shoemaker R. RNA-Seq on patients with 
chronic inflammatory response syndrome (CIRS) 
treated with vasoactive intestinal peptide (VIP) shows 
a shift in metabolic state and innate immune functions 
that coincide with healing. Med Res 
Arch. 2016;4(7):1-11. 

6. Shoemaker RC, House DE. Sick building syndrome 
(SBS) and exposure to water-damaged buildings: 
time series study, clinical trial, and mechanisms. 
Neurotoxicol Teratol. 2006;28(5):573-588. PMID: 
17010568. 

7. Shoemaker RC, Hudnell HK, House DE, van Kempen A, 
Pakes GE; COL40155 Study Team. Atovaquone plus 
cholestyramine in patients coinfected with Babesia 
microti and Borrelia burgdorferi refractory to other 
treatment: a double-blind, placebo-controlled 
crossover clinical trial. Adv Ther. 2006;23(1):1-11. 
doi:10.1007/BF02850341. PMID:16644602. 

8. Shoemaker RC,. Surviving Mold: Life in the Era of 
Dangerous Buildings. Otter Bay Books; 2019 

9. McMahon SW, Shoemaker RC, Ryan JC. Reduction in 
forebrain parenchymal and cortical grey matter 
swelling across treatment groups in patients with 
inflammatory illness acquired following exposure to 
water-damaged buildings. J Neurosci Clin 
Res. 2016;1(1):1-4. 

10. Li X, Chauhan A, Sheikh AM, Patil S, Chauhan V, Li XM. 
Elevated immune response in the brain of autistic 
patients. J Neuroimmunol. 2009;207(1-2):111-116. 
PMID: 19157572. 

11. Ashwood P, Krakowiak P, Hertz-Picciotto I, Hansen R, 
Pessah I, Van de Water J. Elevated plasma cytokines 
in autism spectrum disorders provide evidence of 
immune dysfunction and are associated with impaired 
behavioral outcome. Brain Behav Immun. 
2011;25(1):40-45. PMID: 20705131. 

12. Ryan JC, Wu Q, Shoemaker RC. Transcriptomic 
signatures in whole blood of patients with chronic 
inflammatory response syndrome after exposure to 
water-damaged buildings. BMC Med Genomics. 
2015; 8:15. 

13. Rose DR, Yang H, Serena G, et al. Differential immune 
responses and microbiota profiles in children with 
autism spectrum disorders and co-morbid 
gastrointestinal symptoms. Brain Behav Immun. 2018; 
70:354-368. PMID: 29572185 

14. Estes ML, McAllister AK. Immune mediators in the brain 
and peripheral tissues in autism spectrum disorder. 
Nat Rev Neurosci. 2015;16(8):469-486. PMID: 
26189694. 

15. Zilbovicius M, Boddaert N, Belin P, et al. Temporal 
lobe dysfunction in childhood autism: a PET study. I am 
J Psychiatry. 2000;157(12):1988-1993. PMID: 
11097964 

16. Rossignol DA, Frye RE. A review of research trends in 
physiological abnormalities in autism spectrum 
disorders: immune dysregulation, inflammation, 
oxidative stress, mitochondrial dysfunction and 
environmental toxicant exposures. Mol Psychiatry. 
2012;17(4):389-401. PMID: 22158305. 

17. Ryan JC, Wu Q, Shoemaker RC. Transcriptomic 
signatures in whole blood of patients who acquire a 
chronic inflammatory response syndrome (CIRS) 
following an exposure to the marine toxin ciguatoxin. 
BMC Med Genomics. 2015; 8:15. PMID: 25889530. 

18. Vargas DL, Nascimbene C, Krishnan C, Zimmerman 
AW, Pardo CA. Neuroglial activation and 
neuroinflammation in the brain of patients with autism. 
Ann Neurol. 2005;57(1):67-81. PMID: 15622539. 

19. Shoemaker RC, House DE, Ryan JC. Structural brain 
abnormalities in patients with inflammatory illness 
acquired following exposure to water-damaged 
buildings: a volumetric MRI study using NeuroQuant®. 
Neurotoxicol Teratol. 2014; 45:18-26. PMID: 
24946038. 

20. McMahon S. Longitudinal imaging and biomarker 
trends in pediatric CIRS patients. Biotoxin Med Res J. 
2021;3(2):55-68. 

21. Proctor RA, von Eiff C, Kahl BC, et al. Small colony 
variants: a pathogenic form of bacteria that 
facilitates persistent and recurrent infections. Nat Rev 
Microbiol. 2006;4(4):295-305. PMID: 16541137. 

22. Costerton JW, Stewart PS, Greenberg EP. Bacterial 
biofilms: a common cause of persistent infections. 
Science. 1999;284(5418):1318-1322. PMID: 
10334980.  

23. Donlan RM. Biofilms: microbial life on surfaces. Emerg 
Infect Dis. 2002;8(9):881-890. PMID: 12194761. 

24. Romani L. Immunity to fungal infections. Nat Rev 
Immunol. 2011;11(4):275-288. PMID: 21394104. 

25. Tan NC, Foreman A, Jardeleza C, Wormald PJ. The 
role of bacterial biofilms in chronic rhinosinusitis and 
implications for therapy. Am J Rhinol Allergy. 
2014;28(1):3-7. PMID: 24717869. 

26. Mah TF, O’Toole GA. Mechanisms of biofilm resistance 
to antimicrobial agents. Trends Microbiol. 
2001;9(1):34-39. PMID: 11166241. 

27. Parsek MR, Singh PK. Bacterial biofilms: an emerging 
link to disease pathogenesis. Annu Rev Microbiol. 
2003;57:677-701. PMID: 14527295. 

28. Ramos S, Barros L, Teixeira A. The role of 
melanocortins in inflammation and neuroimmune 
communication. Pharmacol Res. 2021;163:105267. 
PMID: 33127553. 

29. Baraniuk JN, Zheng S, Broderick JE. Cytokines in 
chronic fatigue syndrome, fibromyalgia, and other 
overlapping syndromes. Curr Rheumatol Rep. 
2005;7(5):387-394. PMID: 16174492. 

30. Shoemaker RC, Hudnell HK. HLA genotyping in 
pediatric mold illness: predictive value and clinical 
correlation. Neurotoxicol Teratol. 2006;28(5):639-
650. PMID: 16982140. 



Chronic Inflammatory Response Syndrome 

© 2025 European Society of Medicine 26 

31. Hudnell HK. Visual contrast sensitivity testing in CIRS. 
Neurotoxicology. 2005;26(4):565-578. PMID: 
16112317. 

32. James SJ, Melnyk S, Jernigan S, et al. Metabolic 
endophenotype and related genotypes are 
associated with oxidative stress in children with autism. 
Am J Med Genet B Neuropsychiatr Genet. 
2009;147B(8):1327-1334. PMID: 19288560. 

33. Parks T. Pediatric regression in biotoxin illness: clinical 
observations and treatment outcomes. J Pediatr 
Environ Health. 2022;4(1):12-25. 

34. Swedo SE, Leckman JF, Rose NR. From PANDAS to 
PANS: expanding the clinical spectrum of post-
infectious autoimmune encephalopathy. J Child Psychol 
Psychiatry. 2012;53(10):1047-1055. PMID: 22924 
360. 

35. Fallon BA, Levin ES, Schweitzer PJ, Hardesty D. 
Inflammation and central nervous system Lyme 
disease. Neurobiol Dis. 2010;37(3):534-541. PMID: 
19944760. 

36. Shoemaker RC, House DE. A time-series study of sick 
building syndrome: chronic, biotoxin-associated illness 
from exposure to water-damaged buildings. 
Neurotoxicol Teratol. 2005;27(1):29-46. PMID: 1568 
1119. 

37. Napoli E, Wong S, Giulivi C. Mitochondrial 
dysfunction in autism spectrum disorders: cause or 
effect? Biochim Biophys Acta. 2013;1832(10):1620-
1630. PMID: 23706623. 

38. McMahon SW, Smith J. Pediatric Quirks of CIRS and 
PANS. Paper presented at: Surviving Mold Annual 
Conference; May 4th, 2018; Salisbury, MD. 

39. Shoemaker RC, Maizel MS. Exposure to interior 
environments of water-damaged buildings causes a 

CFS-like illness in pediatric patients: a case/control 
study. Bull IACFS ME. 2009;17(2):69-81. 

40. Tang N, Zhang X, Zhang Y, et al. Inhibition of VEGF 
signaling exacerbates mitochondrial dysfunction and 
cognitive impairment in a model of neuroinflammation. 
J Neuroinflammation. 2019;16(1):214. doi:10.1186/ 
s12974-019-1601-7.  

41. Lee RJ, Saban R, Saban M. VEGF and epithelial 
repair in inflammatory diseases: implications for lung 
and gut pathology. Am J Physiol Lung Cell Mol Physiol. 
2015;308(6):L539-L548.  

42. Harmar AJ, Marston HM, Fone KC, et al. The VPAC1 
receptor: structure and function in immune modulation 
and neuroprotection. Br J Pharmacol. 2012;166(2): 
447-461.  

43. Delgado M, Abad C, Martinez C, Leceta J, Gomariz 
RP. Vasoactive intestinal peptide: a neuropeptide with 
pleiotropic immune and physiological functions. Nat 
Rev Neurosci. 2004;5(5):393-406.  

44. Shoemaker RC, House DE. Metabolism, molecular 
hypometabolism and inflammation: Complications of 
proliferative physiology include metabolic acidosis, 
pulmonary hypertension, T reg cell deficiency, insulin 
resistance and neuronal injury. Trends Diabetes Metab. 
2020;3(2):1–15 

45. Shoemaker RC, House DE, Ryan JC. Defining the 
neurotoxic signature of chronic inflammatory response 
syndrome: A case/control study of patients with 
chronic fatigue syndrome and healthy controls using 
NeuroQuant. Neurotoxicol Teratol. 2014;45:18-26. 

46. American Psychiatric Association. Diagnostic and 
Statistical Manual of Mental Disorders. 5th ed. 
Washington, DC: American Psychiatric Publishing; 
2013 

 
 
 


