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1. History of CIRS

Chronic inflammatory response syndrome (CIRS) is a multisystem, multi-symptom illness acquired following exposure to environmentally produced biotoxins. CIRS has gone through an evolution of names over the years. In the 1990s, CIRS was called a neurotoxin-mediated illness. The term changed to chronic biotoxin-associated illness (CBAI) with more information. The third and current change to CIRS nomenclature occurred following the development of a commercial assay for transforming growth factor β-1 (TGFβ-1) in 2008 and then a commercial assay for acquired T regulatory cells in 2009. 

CIRS involves many arms of the immune response systems acting simultaneously and in combination. CIRS follows the acute systemic inflammatory response syndrome (SIRS) model, most commonly sepsis. In patients with sepsis, there is simultaneous activation of Th1, Th2, and Th17 immunity, coagulation factors, and complement in response to an overwhelming stimulus of infection and endotoxin presence in the bloodstream. In this regard, the illness is the host response. Survivors of sepsis have a heightened level of innate immune activation post-sepsis, a significant increase in interleukin ten, and suffer a greater incidence of chronic fatiguing illnesses. By adding one inflammatory feature of an illness on top of another, much as bricks laid on a foundation, we begin to recognize that our attempts to define diseases by organ system will fail. Physicians recognize, however, that infectious diseases often set off systemic inflammation that can persist beyond the clearance of infectious agents. 

2. Evolution of case definition of CIRS

In some instances, the initial sources of illness could not be identified reliably. The case definition in 2003 simply included:
The potential for exposure
Presence of a multisystem, multi-symptom illness
Absence of confounding exposures or diagnosis 

With the addition of objective lab studies, including visual contrast sensitivity (VCS), HLA DR by PCR, and melanocyte-stimulating hormone (MSH), there was a commonality of inflammatory abnormalities and the similarity of symptom groups within subsets of this neurotoxin mediated illness. 

In 2008, the US General Accountability Office (GAO) published an overview of publications from US agencies working on the problem of damp indoor buildings59. Fifty-four studies were noted, showing no coordination of efforts across agency lines. But for the first time, a Federal case definition for what has become CIRS-WDB was proposed.
There must be the potential for exposure to a damp indoor space.
There must be a multisystem, multi-symptom illness present with symptoms similar to those seen in peer-reviewed publications.
There must be laboratory testing results similar to those seen in peer-reviewed, published studies.
There must be documentation of response to therapy.


3. Evolution of the paradigm of CIRS

Initially, CIRS seemed to be simply an inflammatory response to exposure to environmentally produced neurotoxins. Dinoflagellate illnesses, such as Pfiesteria and ciguatera, were used to develop the case definition in the late 1990s. Later additional findings, first from exposure to cyanobacteria (1997) and then to the interior environment of water-damaged buildings (WDB, 1998), showed an uncanny similarity of symptoms shared by each of these diverse sources of inflammatory illness. In 2008, followed by a publication in 201059 members of the "mold" medical community began using the term CIRS-WDB to describe illness seen with the same activation of Th1, Th2, Th17, coagulation, and complement activation. Physicians who treat CIRS have noted little variation in symptoms recorded from patients living around the globe. WDBs are the most significant source that results in CIRS.

A treatment protocol employed removal from exposure, initiation of cholestyramine (CSM) together with clearance of multiple antibiotic resistant coagulase negative staph (MARCoNS) resident in deep nasopharyngeal space. In rapid-fire order, in the early 2000s, physicians were able to see the following:
	    1.     low levels of vascular endothelial growth factor (VEGF) and 
	    2.     elevated levels of split products of complement activation, especially C4a, which   
                         would become additional targets for sequential treatment.    

Melanocyte stimulating hormone (MSH) was the first regulatory neuropeptide identified as deficient in the early CIRS cases. Because MSH exerts a regulatory role on the production of other hormones, especially gonadotropins, it was not a surprise to find that androgens, together with estrogens, were affected by MSH deficiency. To this day, physicians are attempting to "balance" androgens and estrogens. Correcting MSH deficiency is the true method to address the "root cause" in correcting MSH deficiency. Correction of MSH is mandatory for correcting androgens and estrogens. Researchers also saw that MSH interacted with antidiuretic hormone (ADH) in the hypothalamus to regulate other hormone activities in addition to salt and water balance. MSH controls tight junctions in the gut, a fact often overlooked by those who diagnose "leaky gut."

The discovery that vasoactive intestinal polypeptide (VIP), another regulatory neuropeptide, was deficient in > 90% of patients with the syndrome set off another avenue of inquiry in the physiology of the illness. Providers now know that measurements of VIP receptors 1 and 2 are also essential to understand VIP's efficacy fully. Transcriptomics shows us how VIP receptors intimately tie to the activities of a family of nuclear transcription factors, Ikaros.

As objective lab parameters became associated loosely with some specific grouping of symptoms, the sequential treatment method enabled providers to approach symptom reduction in a disciplined manner. By correcting one objective parameter at a time, patients could identify improved symptoms, implying that objective parameters correlated with specific lab abnormalities. 

The concept of the "final common pathway" began to emerge following the 2010 Physician Consensus Statement63 and the naming of this inflammatory illness as chronic inflammatory response syndrome (CIRS). In other words, CIRS caused by chronic exposure to WDB was nearly indistinguishable from CIRS caused by Post Lyme Syndrome, ciguatera, Pfiesteria, or cyanobacteria. The initial inciting triggers might differ in each case, but the end clinical presentation was similar. Since providers could not rely on VCS deficits, lab abnormalities, or symptoms alone to adequately distinguish one illness from another, all physicians had to support a diagnosis was the potential for exposure. Even this reliable method of history taking became confounded when someone who had a dinoflagellate illness then moved into a moldy apartment, creating two sources of biotoxin exposure. Even worse, some individuals lived next to freshwater areas, lakes, or ponds, for example, in which there would be cyanobacteria blooms in addition to moldy buildings and sick fish. 

Physicians needed a diagnostic method that would specify individual illnesses and provide the basis for monitoring treatment results. With the addition of transcriptomics to CIRS case management, based on case-controlled studies and prospective intervention trials, there is a molecular basis for the final common pathway suggested by the commonality of symptoms in sources of CIRS. This final common pathway is like a spiderweb. Genomics is at the core of the spiderweb. Here we find the source of all the objective laboratory abnormalities, the confusing complexities of symptoms and their groupings (called clusters), and the basis for CIRS illness. 
To quote a current Primer in Transcriptomics60:

"Transcriptomics has now crossed from research to application. It not only serves as a diagnostic aid, but it also provides precision in monitoring the complexities found in many immune-based illnesses, such as chronic inflammatory responses acquired following environmental exposures. We see transcriptomics as an ideal mechanism to fine-tune therapies to correct inflammatory abnormalities.

"The initial finding by Ryan et al.75 showed that intranasal use of VIP in CIRS patients, partway through their treatment protocols, modulated expression of both nuclear-encoded mitochondrial genes and ribosomal genes. We later confirmed that patients naïve to treatment had profound suppression of these same genes. These genes usually recover with the first ten steps of the Shoemaker Protocol; they often become higher than normal controls. A tantalizing possibility for the overshoot lies with genes important in glycolysis (breakdown of glucose into two 3-carbon fragments). One of these genes, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), also regulates inflammatory gene suppression after initial activation in the presence of interferon-gamma. 
 
"What we think is happening is an attack on the basic cellular metabolic elements. It is well documented that microbial toxins (i) attack protein production at the level of the ribosome and (ii) energy production in the mitochondria. Patients with CIRS will not recover unless exposure to these microbes and their cellular toxins ceases. Further, it is well documented that in the face of infectious diseases, especially from viruses, cells become "hypometabolic" to prevent viral "takeover" of cellular function.

"This idea is relevant for the abnormal immune responses we see in CIRS. Hypometabolic immune cells activate primordial mechanisms: innate immunity, complement, defensins. These protective inflammatory elements do not require the participation of cells. When cells begin to recover from the illness-induced hypometabolic state, the protective mechanisms of innate immunity begin to wane. Cells then upregulate protein production, energy production and begin to use sugar properly. Call it a "synchronized reboot" of cellular systems. Re-exposure simply means a recall of innate immunity and all its protective mechanisms.

"Changes in transcriptomics show the sequence of hypometabolism and recovery. Certainly, the CIRS protocol could prime ribosomal and mitochondrial gene expression. Then VIP could upregulate GAPDH gene expression. Could increased pyruvate from glycolysis fire up the mitochondrial furnace for energy production and then protein expression? Or will it stay suppressed as not to increase lactate production?"

With a genomics basis established for CIRS, physicians began to see the application of the principles of CIRS to other illnesses that involve inflammation but did not have all the elements of CIRS. For example, in a small number of patients with impending heart transplants for dilated cardiomyopathy, gene expression of adrenoceptors and "contractility receptors" found in peripheral blood cells respond to CIRS protocols. If there is confirmation that cardiac myocytes improve as white blood cells do, perhaps providers will prevent further myocardial injury from genomic abnormalities. 

Growing evidence shows atherosclerosis to be an inflammatory illness. Oxidized LDL is a potent nuclear transcription factor. Insulin and insulin resistance are the inflammatory bases of diabetes and obesity. Alzheimer's, specifically Type III, is shown to be an inflammatory illness. Inflammation is the underlying mechanism, not just a source of the symptoms and not just the cause of lab abnormalities. As the next decade of CIRS approaches, the expansion of the application of the principles of CIRS to other illnesses, possibly including pediatric acute-onset neuropsychiatric syndrome (PANS), is becoming clear. 


4. Office visit

Based on the experience of thousands of initial office visits with CIRS providers, most patients have seen at least ten doctors and are still ill. Fibromyalgia and psychosomatic disorders are common misdiagnoses. Review of past medical records remains the most critical initial duty of the CIRS provider to the patient. The initial visit should take place only after a thorough review of all relevant documents. In the example of 5000 pages of records, there may only be several pages of pertinent data. Symptoms of CIRS vary from day to day and are subject to unnoticed environmental exposures. Patients should also log symptoms to correlate with exposures. The patients should stop nasal, oral, and intravenous antifungals, as they are creating resistant mutant MARCoNS.


5. Specific symptoms

From a list of 37 different symptoms, eight main categories (general, musculoskeletal, eye, respiratory, gastrointestinal, cognitive, hypothalamic, and neurologic) formed to classify symptoms. Cluster analysis provides a mechanism to take subjective symptoms, pass them through a skilled medical history, and convert them to objective elements using abstruse statistical methods, including cluster analysis. Clusters can take the seemingly endless roster of symptoms to make their use amenable to a scoring system. Statistically, these thirteen clusters of symptoms yield a diagnostic capability to separate CIRS from essentially all diseases. If an adult patient has eight or more clusters of symptoms, the likelihood of CIRS exceeds 95%. When combined with VCS deficits, symptom clusters can yield an accuracy in the diagnosis of 98.5% (the sum of false positives and false negatives is less than 2%).

CIRS providers have looked at symptoms described by character, including fatigue, weakness, and executive cognitive dysfunction. Does a patient have muscle cramps? Are there unusual, sharp stabbing pains that seemingly come unexpectedly and lancinate in one area of the body only to disappear and reappear elsewhere the next day? This type of pain description is typical of what CIRS patients experience. It is not confabulated but will sound bizarre to the unaware physician. Patients will recognize a physician as an insightful historian when he knows to ask unusual questions about "odd" symptoms.

During the appointment with a CIRS patient, ask about unusual posturing of fingers or toes, sometimes called "clawing." These involuntary spasms in small muscles of fingers and toes can be painful and are certainly distinctive elements of history. Some patients will have their long and fourth fingers split apart, making a sign of a V, as we often saw from Mr. Spock in Star Trek. Sometimes there will be arching of the MCP and MTP joints as well. These spasms are far more commonly brought on by lying down in bed or arising from sleep. CIRS patients quickly learn that the spasm experienced in the middle of the night can be severe, especially if they sleep with their ankles extended. Simple dorsiflexion of the ankles can create spasms and sometimes cramping of the gastrocnemius. 

Joint stiffness occurs in CIRS patients with cessation of activity, called "gelling," If a patient says that he would prefer to stay standing after activity rather than sit down and rest, that may be an indication of his awareness of his rate of gelling. 

CIRS patients will often describe fatigue and aching by saying they feel like they ran a marathon, yet they have hardly moved. Aching is perhaps the most common CIRS pain. Muscle aches are largely unrelated to activity and can recur with little exertion. Aches from CIRS will not respond to most meds, including NSAIDs. The aching often comes from muscle insertion areas on tendons, raising the concern regarding enthesopathies. A healthy enthesium has a limited blood supply and reduced capillary perfusion. Inflammatory responses in CIRS worsen capillary hypoperfusion of the enthesium, which increases pain. If one sees an enthesopathy (extensor epicondylitis, patellar tendinitis, Achilles tendinitis, and more) but does not find a convincing history of overuse, spend a few minutes exploring the rest of the CIRS symptom roster with the patient.

Instead of postulating intrinsic mitochondrial disorders leading to abnormal mitochondrial metabolism of glucose, leading to lactic acid accumulation, a better approach is recognizing that nuclear transcription factors directly affect mitochondrial function. The physician can understand reduced energy delivery as abnormal due to aberrant genomic control by transcriptomics recording nuclear-encoded mitochondrial gene activation. Still, whatever causes lactic acid accumulation, excessive lactic acid in capillary beds is a source of muscle pain, including aching.

Headaches are not necessarily a musculoskeletal problem but can overlap with any pain syndrome. With CIRS, look for intravascular volume depletion and reduced antidiuretic hormone (ADH) levels for a given osmolality. If patients are troubled with headaches, especially when told that they have a "migraine that lasts for more than 24 hours," think of ADH/osmolality and not an actual migraine. 

A special case in CIRS patients is the unexplained, sudden weight gain just after the onset of CIRS illness. Ask the question, "Was there a time that you gained 20 or more pounds unexpectedly that you just cannot lose?" The physician asks about leptin resistance, a feared complication of inflammatory changes that abnormally alters the responsiveness of the primordial gp130 cytokine receptor that responds to leptin. A great month of weight loss for a leptin-resistant patient is usually 0.5 pounds per month. When the patient is a young female, and this is often the case, societal values of thinness add to her pain from CIRS. 

The overwhelming majority of CIRS patients know all about the symptom of "push/crash." Years ago, doctors believed the push/crash phenomenon was diagnostic for chronic fatigue syndrome (CFS). Now CIRS providers are confident CFS is just a subset of CIRS. Once thought to be simply due to capillary hypoperfusion and anaerobic metabolism, the final common pathway of CIRS involves abnormalities in glycolysis and ribosomal and nuclear-encoded mitochondrial genes that reduce energy availability.

Be sure to ask about abdominal pain. Bile acid reflux occurs in over 66% of CIRS patients. The reflux sounds typical of acid reflux but never responds to acid blockers. Bile acid reflux will not be a problem when a gastroenterologist performs an endoscopy while the patient is fasting. The chances are high that the abdominal pain after meals will be called "functional." Functional, by definition, means there is no discernible pathology: the problem is psychiatric in origin. Objective data, not "functional ideation," define the illness and define the effectiveness of treatments in CIRS patients. Gastroparesis rarely occurs in anyone except older diabetics with poor blood sugar control history, except for CIRS patients in whom delayed gastric emptying occurs. Nuclear emptying studies are abnormal in 5-10% of cases. Do not guess, do the study.


6. Environmental history

The history must include location and type of exposure, mechanism of exposure, with duration less important than intensity. Some exposures are simple: "I swam in a lake later confirmed to have bloom conditions of Microcystis." Some are not: "I walk by a retention pond every day. I never heard of any problems with any algae there." Be careful with Public Health pronouncements regarding cyanobacteria, especially Microcystis in Lake Erie. Since the source of most illness from cyanobacteria comes from inhalation of droplets of water, when one hears that the water from Lake Erie in Toledo is unsafe to drink but safe to use for showering, do not believe it. Every state in the United States gets deliveries of reef fish. Every state has had problems with Harmful Algal Blooms at some time. 
 
Over 80% of CIRS cases reported stem from exposure to the interior environment of water-damaged buildings (WDB). What is not known is the effect microbial toxins have on pathophysiology compared with microbial particles. Studies have shown that for every whole spore found, over 500 fragments are present11. Fragments of amplified molds, bacteria, actinobacteria, and mycobacteria may possess toxins and certainly contain inflammagenic material. After inhalation of fragments, the innate immune system detects them and starts the CIRS process in the genetically predisposed.

It may seem odd that, until recently, only fungal DNA measurements assessed human health risks. The EPA adopted the research advances coming from Vesper and colleagues, selling a license to use Vesper's methods commercially, beginning in 1996. This test, called the Environmental Relative Moldiness Index (ERMI), was cumbersome in interpretation, as fungi counts from benign species added to the supposed risk assessment. A follow-up test, HERTSMI-2, also based on spore equivalents/mg of dust, is more specific and sensitive59,57. Now that advanced testing for endotoxins and actinobacteria is available (EnviroBiomics), the future of accurate microbial assessments is improving.

A distinctive molecular pattern marking gene activation by trichothecenes and actinobacteria60, together with clusters of differentiation for endotoxin exposure60 and beta-glucans60, further define CIRS. The era of reliance on urinary mycotoxin testing, uncompromisingly exposed as unreliable by the CDC, has passed36.


7. Post-Lyme Syndrome (CIRS-PLS)

In 1998, Lyme researchers Donta and Cartwright patented the identification of a biotoxin made by Borrelia burgdorferi (Publication number CA2365424 A1), the causative agent in Lyme disease. Since CSM worked well to treat other biotoxins, its use in Lyme patients followed. The unexpected and precipitous negative reactions of patients with Post Lyme Syndrome to CSM caused a stunning rethinking of concepts of biotoxin illnesses. Patients with negative reactions to CSM consisted of people with confirmed Lyme disease as shown either by physician-witnessed erythema migrans rash associated with a recent tick bite or clear evidence of a significant antibody response shown by Western Blot testing. When given cholestyramine after a reasonable course of antibiotics, these patients with Lyme did not improve as dinoflagellate, cyanobacteria, and WDB patients did. They got worse. 

This never-before-seen adverse reaction, labeled "intensification," was quickly shown to be due to a massive pro-inflammatory cytokine response as manifested by significant elevation of matrix metalloproteinase-9 (MMP-9). This syndrome was recognized initially as showing a fall in VCS scores beginning in row E, followed by a fall in row D. This was not a "Herxheimer" reaction; it had nothing to do with antibiotics or a "die-off."

Chronic Inflammatory Response Syndrome-Post-Lyme Syndrome (CIRS-PLS) occurs after the acute phase of Lyme disease, marked by the end of antibiotic use. Lyme disease is the most common vector-borne disease in the United States and Europe80. In the acute phase of Lyme disease, symptoms reported in older literature include arthritis, meningitis, facial palsy, and myocarditis3. More recently, however, acute Lyme creates systemic inflammatory illness, with transcriptomic and proteomic markers seen within 48 hours of a tick bite73. The erythema migrans (EM) rash is a target lesion seen in fewer than 70% of acute cases87. In the acute phase, patients develop increased complement split products of the third and fourth complement elements71. These elevations are present in both EM-positive and EM-negative acute Lyme patients, making C4a and C3a useful biomarkers for Lyme disease. 

A post-treatment Lyme disease syndrome develops for an estimated 20% of patients treated with antibiotics for acute Lyme disease2. This post-treatment Lyme disease is a chronic inflammatory response syndrome because of its parallels to other varieties of CIRS subtypes8. These similarities include a strong genetic predisposition based on HLA haplotypes (15-6-51, 16-5-51, 4-3-53, 11-3-52B). Additional proteomic parallels to other chronic inflammatory syndromes are lower levels of regulatory peptides, especially MSH, higher than normal levels of transforming growth factor β-1, split products of activation of the third and fourth element of complement, and disrupted regulation of feedback control of osmolality by ADH and cortisol by ACTH. Various other diagnostic modalities are disrupted, including deficits in visual contrast sensitivity (VCS) testing; stress echocardiograms revealing acquired pulmonary hypertension; pulmonary function tests demonstrating restrictive lung disease, and brain volumetric (NeuroQuant®) findings of excessive atrophy of gray matter nuclear material in the bilateral putamen and right thalamic swelling. The notable divergences between the proteomic and diagnostic differences between CIRS-PLS and CIRS-WDB, the predominant chronic inflammatory response syndrome, are some of the HLA genetic haplotypes particular to increased Lyme but not WDB sensitivity and an elevation of C3a. C3a is a complement pathway specific to bacterial sources of innate immune system perturbation and brain volumetric findings. 

The use of transcriptomics using RNA-seq most strongly affirms the existence and pathophysiology of CIRS-PLS8. While the clinical complaints of post-Lyme patients might seem subjective and the proteomic changes considered non-specific, RNA-seq detects unique patterns of differential gene activation. These patterns form a "transcriptomic signature." It demonstrates changes in Lyme disease's acute, post-treatment, and chronic phases. Bouquet et al.8 assessed transcriptomics at three time points: at the initial date seen and diagnosed with Lyme disease, after three weeks of antibiotics treatment, and six months post-treatment. His study found marked differences in gene activation and suppression between cases and controls in 1,235 genes in the initial period. After three weeks of antibiotic treatment, 1,060 genes remained abnormal. The persistence of perturbed differential gene activation after antibiotic treatment offers genomic validation of persistent illness and the concept of CIRS-PLS. After six months, 636 genes remained abnormal. Notably, there were no differences in abnormal gene activation between subjects who reported they were "fully recovered" and those who remained persistently symptomatic. The symptoms were not predictive of the persistence of perturbed differential gene activation. This finding advances the notion of the persistence of post-Lyme disease: patients presumably thought to have recovered from antibiotic treatment are experiencing objective subclinical pathology at the transcriptomic level. 

The transcriptomic signature of post-treatment Lyme disease is unique compared with other inflammatory and immune-mediated conditions8. There are two disturbed gene pathways specific to Lyme: glutathione-mediated detoxification and IL-6 signaling pathways. Pathway analysis in the six-month post-treatment group with publicly available transcriptome data sets from patients with chronic illnesses shows a varying overlap of differentially expressed genes up to 60%. These other chronic illnesses include chronic fatigue syndrome, systemic lupus erythematosus (SLE), and rheumatoid arthritis (RA). A notable gene, eIF2, shows suppression at all three time points. eIF2 is a gene pathway that modulates ribosome-transfer binding, the process underlying the start of translation. Disruption of translation interrupts the vital function of protein synthesis from messenger RNA. Down-regulation of eIF2 is not specific to Lyme disease. This suppression also occurs in patients colonized with MARCoNS, SLE, and RA. After adding exogenous VIP as part of the CIRS protocol, eIF2 can normalize75.

Consistent with the theory that Post-Lyme Syndrome is a chronic inflammatory syndrome is the detection of upregulated pro-inflammatory cytokines. There are eight notable upregulated inflammatory genes: interferon-gamma, interleukin-1 β, tumor necrosis factor-alpha (TNF-alpha), interleukin-6, transforming growth factor β-1, anti-inflammatory cytokine interleukin-4, colony-stimulating factor 2, cell surface, and marker ligand CD40L. Genes upregulated after antibiotics treatment include Toll-like adapter molecule 1(TICAM1) and nuclear factor kappa-B. 

Ryan and colleagues have found disruptions in microRNA (unpublished) not covered in the Bouquet study. The significance of perturbed microRNA is the implication that post-Lyme syndrome involves disruptions of the mechanisms of regulation of DNA expression. This finding extends the model for understanding PLS beyond the simplistic model of varying upregulated and downregulated gene pathways. These transcriptomic deficits suggest the need for therapeutic approaches that eventually correct the abnormal gene expression. Prior data has demonstrated the ability of the CIRS protocol to normalize the proteomic disturbances that remain post-treatment with antibiotics.

At baseline, the patients with Lyme disease have perturbations in TGFB-1, C4a, C3a, i-Treg, and t-Treg biomarkers. The proteomic abnormalities persist after antibiotic treatment except for C3a, which decreases to normal levels. One biomarker (TGFβ-1) worsens after antibiotics. Only after CIRS treatment do all five of these biomarkers approximate the levels found in controls. This finding has three significant implications:
Post-treatment Lyme syndrome is a demonstrable disease entity.
Post-treatment Lyme syndrome is a chronic inflammatory syndrome with elevated innate immune system biomarkers consistent with inflammation.
The use of antibiotics followed by the CIRS protocol can restore patients with this condition, leading to clinical and objective metabolic improvement. Transmission of B. burgdorferi from person to person or by nursing has been suggested but never confirmed.
Vectors other than ticks, including flies and mosquitoes, have been suggested to be vectors of Borrelia.
As of the writing of this statement, there is no confirmation of this speculation.


8. Differential diagnosis

The first question in the differential diagnosis is, is there exposure to a water-damaged building? Is there exposure to a source of biotoxins? Is there potential for exposure? It is tough to remember in a 20-year illness what building one might have been in 20 years ago. In cases of chronic ciguatera, people will often forget what they ate and when they ate it related to illness. With Lyme disease, some people will not remember a tick bite but still have Lyme. Other people will have a tick bite but no Lyme rash (erythema migrans). In Lyme, we end up relying on an inherently flawed antibody test instead of a physiologic test to assist us in diagnosis. 

If the potential for exposure can be satisfied, the following requirement is that we have a multisystem, multi-symptom illness. In turn, the symptoms must meet the criteria from cluster analysis. The sorting process is becoming more evident because if one does not have a multisystem, multi-symptom illness, they do not have CIRS. If they do not have eight symptom clusters as an adult or six as a child, they likely do not have CIRS. They may have something similar, but not CIRS.

Furthermore, the case definition includes not just symptoms alone but lab abnormalities seen in published peer-reviewed literature. We will see a reduction in the normal regulatory neuropeptides levels, especially MSH. We will see an elevation of at least one of three inflammatory markers of TGFβ-1, C4a, and MMP-9. We will see dysregulation of ACTH and cortisol. We will also see abnormalities in gliadin antibodies and VEGF. The issue we faced in the past with CIRS is that we did not know the transcriptomic signatures that these illnesses have. We hope to distinguish CIRS-PLS from CIRS-WDB readily with transcriptomics. We have published on transcriptomics of ciguatera and also transcriptomics of mold. We add NeuroQuant® findings to the differential diagnosis to quickly make things easier. Lyme has distinctive abnormalities, as does CIRS-WDB. Other illnesses do not have those findings.

The differential diagnosis process never stops in the sense that as we continue with therapy, there will be a resolution of individual physiological abnormalities, one by one, as we institute sequential treatments that fix physiological abnormalities. We make no effort to do two things simultaneously; such "shotgun" medicine has no role in CIRS. 

Differential diagnosis only ends when there is near-100% exclusion of all possible causes of a given patient's illness or we have a resolution of symptom abnormalities including VCS, laboratory, nasal culture, and transcriptomic abnormalities. Keeping an open mind to other diagnoses is vital.


9. Physical exam

A carefully performed physical exam remains a second fundamental basis of medical diagnosis beyond history. Perform vital signs on all new patients. Careful respiration assessment is critical. It only takes 30 seconds to count breaths and look for Cheyne-Stokes respirations in individuals with cognitive effects. Orthostatic blood pressures help identify POTS and problems with adrenoceptors if there is blood pressure suppression. The character of the pulse provides clues to ectopic beats. 

There are multiple possible tip-offs to the presence of CIRS. Look for a resting tremor of the outstretched fingers, spread wide apart. Place a piece of paper on top of the fingers to make a resting tremor evident to the examiner and patient alike. Look for evidence of abnormal skin turgor, rashes, and venous stasis changes. Look especially for evidence of enlargement of turbinates and polyps upon nasal exam. Transillumination of sinuses is usually not helpful. Look for evidence of gingivitis. One of the most critical indicators of dental biofilm formers is refractory gingival abnormalities. HEENT evaluation includes determining the presence or absence of pallor, erythema of the cheeks approximating a butterfly rash but sparing the nasal bridge ("mold facies" often misdiagnosed as rosacea), the presence of scleral injection, and acne. The exam should also note the presence of goiter (thyroid illness frequently accompanies CIRS), the size of cervical lymph nodes, and the presence of any cranial nerve dysfunctions (often with CN VII weakness). Carotid upstroke should be full without any bruit. Look for jugular venous distention, especially in someone who has evidence of right ventricular hypertrophy on EKG. 

During the pulmonary exam, listen for symmetry and evidence of mucous plugging with change after cough. Crackling rales and evidence of dullness, usually at the right base, possibly indicate a pleural effusion. Evaluate for wheeze, rhonchi, decreased diaphragm excursion, and post-tussic rales. Ask for three maximal inspirations, and then listen for inspiratory rales.

It seems straightforward, but we know that individuals with a wingspan greater than height are at an increased risk of developing abnormalities in the thoracic and abdominal aorta that can lead to aneurysm formation. Listen carefully for the wide splitting of S1 vs. a gallop rhythm. Listen for an S3 or an S4. Look for a reason for cardiovascular compromise of either volume-overload and pressure-overload, both from the right ventricle and pulmonary artery or systemically. 

An abdominal exam is rarely helpful unless there is an enlargement of the liver and spleen. Trained observers can feel kidneys reliably, but this skill diminishes with extra patient weight (a problem commonly seen in leptin-resistant patients with CIRS). The CIRS physical rarely requires rectal, pelvic, or breast exams except as history indicates. Extremity exam demands looking for evidence of true arthritis together with evidence of peripheral edema (pitting or not, unilateral or not) and venous thrombosis. Capillary refill may diminish in fingers and toes with decreases in end-organ perfusion. Evaluate hands and feet for coolness, discoloration, and perfusion. Record proximal (shoulder shrug) and distal arm strength (grip). Note handedness, and dominant arm strength in anti-gravity muscles, compared to the non-dominant arm, should be tested three times (for initial strength and fatiguing). Evaluate joints for pain, erythema, swelling, and heat. Look for sensory deficits.

Mental status is usually normal, but there is often a lack of specific abilities. Most notably, math functions, performed without paper and pen, are frequently diminished. Asking questions such as "What is 91 divided by 7" or "What is 65 plus 17" will frequently elicit delayed and incorrect answers.

A few tricks go along with physical exams that CIRS docs will perform that other docs rarely do. Performance of measurement of wingspan compared to height takes 5 seconds but is associated with a more common finding of HLA 11-3-52B and elevated TGFβ-1. Similarly, gently scratching the skin, as if making a tic tac toe board on a patient's back, is an easy way to look for dermatographia. While some providers think this shows evidence of mast cell activation, a positive finding simply reflects increased levels of C4a.  

Pulse oximetry, 12-lead EKG, and pulmonary functions with spirometry are vital. If, for example, there is a discrepancy between the counted pulse and the recorded pulse with pulse-ox, the physician must explain the difference. Any oxygen saturation under 92% should raise red flags immediately. Look on an EKG for evidence of abnormal rhythm, prior myocardial injury, and voltage suggesting overload either of the right or left ventricle or both. Spirometry gives us two essential recordings at the bedside for primary care and CIRS. Low forced vital capacity (FVC) tells us about restrictive lung disease, and low forced expiratory volume in 1 second (FEV-1) tells us about obstructive lung disease. If a patient has given their best effort and can only blow out for three seconds, look for restrictive lung disease.


10. Ancillaries - VCS

Visual contrast sensitivity (VCS) testing has been used clinically for years and remains the most accurate test for functional vision46. It is best to do a VCS test in person at each office visit. Contrast is one of the seven main functions of vision facilitated by the optic nerve, which provides the neurologic basis of vision. If new symptoms appear during therapy or prior symptoms recur, VCS can point the way to re-exposure (scores in columns C and D will fall). Do not use VCS to make nutrition-related diagnoses.


Section 16. Ancillaries - Pulmonary artery pressure

"Echos" are usually done resting, most often performed to assess the function of the left ventricle as well as to assess the pumping function of the heart. Each echo will assess the function of multiple cardiac structures; we are interested in the velocity of the tricuspid regurgitant flow, also called the tricuspid jet. Blood can go backward from the right ventricle to the right atrium passing "the wrong way" across the tricuspid valve. The measurement of the rate of backward flow is in meters/second. The machine records the velocity on at least four views during a routine echocardiogram. Curiously, cardiac sonographers train to label the tricuspid jet qualitatively as either absent, trace, mild or moderate. The CIRS physician needs to know about a quantified pulmonary artery pressure elevation. The echo machine generates numbers for each of the four ways the jet is measured. Use these measurements to calculate an average. 

We use the tricuspid jet velocity to calculate the pulmonary artery pressure indirectly. We square the tricuspid jet number and then multiply that number by 4. To that product, we add the right atrial pressure (usually between 5 and 10 mm) to give us a calculated pulmonary artery pressure. Any resting pulmonary artery pressure (PASP) greater or equal to 30mm Hg is consistent with pulmonary hypertension. Any tricuspid jet greater than 2.5 meters per second will raise concerns about pulmonary artery systolic pressure in people with CIRS. 
 
For individuals with normal pulmonary artery pressure at baseline or patients with health symptoms such as unexplained cough, shortness of breath, or chest pain, it can be helpful to perform stress echocardiography. In this modification of the basic echo technique, an individual has two sonograms done. The first is at baseline, as discussed. The second is done after maximal exercise, requiring a target heart rate of 90% of predicted. Stress testing typically looks for problems with the performance of the left ventricle. Exercise stress testing is a fundamental diagnostic aid that can help identify coronary artery disease. In our example, we are not looking for left ventricular problems; we want to know the pulmonary artery pressure change with exercise. Any rise in PASP pressure over 8 mm of Hg is abnormal. 

The mechanics of performing a stress echo can become difficult. Here is someone following possibly 11 minutes of maximal exercise, for example, exhausted, breathing heavily, and leaning forward after the stress portion of this stress echo. Now the echo sonographer will insist that the patient lie down within 30 seconds. The out-of-breath patient lies down on the exam table for a repeat measurement of the tricuspid jet. 

Most sonographers do not examine the tricuspid valve after exercise. It helps to talk to the cardiopulmonary staff to make sure they know exactly where they will place their transducer before the exercise begins. We use pulmonary artery pressure as an inclusion criterion for vasoactive intestinal polypeptide (VIP) treatment. If PA pressure rises more than 8 mm, the indication for VIP use becomes stronger. 


11. Ancillaries - VO2 max and anaerobic threshold

Another important cardiovascular diagnostic test is a cardiopulmonary exercise test (CPET). While the name of this test sounds like a stress echo, it is different. This test measures oxygen usage and carbon dioxide production in exercise performance, usually on a bicycle. The test is somewhat cumbersome in that a patient is strapped to EKG monitors and pedaling maximally on a bike while breathing with hoses, tubes, and a mask used to record oxygen consumption. 

In 2015, the Institute of Medicine (IOM)61 emphasized the importance of cardiopulmonary exercise testing in their redefinition of chronic fatigue syndrome (CFS) as Systemic Exercise Intolerance Disorder (SEID). However, this effort fell short of making CPET a biomarker necessary to diagnose SEID. The IOM simply returned to an updated, but still inadequate, non-specific symptom-only definition, one that essentially applies to 100% of all CIRS cases.

Much is known about the importance of VO2 max (milliliters of oxygen consumed per kilogram per minute) as this is an important mechanism used to classify possible disabilities. We know that there is a difference between the VO2 max of women and men. We also know that age has a role in normal ranges for VO2 max. Based on our practice data (unpublished), it is not unusual in the face of chronic fatiguing illness for a 50-year-old woman to have a VO2 max of approximately 20 ml per kilogram per minute (with slightly higher values for men), raising the diagnosis of chronic fatiguing illness. The tables for Cardiovascular Fitness Classification are in the AMA Guides to Evaluation Disability and Impairment; Social Security uses VO2 max as one of the key elements in assessing disability. 

More important than VO2 max is delineating the anaerobic threshold (AT). The maximum activity level occurs through available oxygen (aerobic metabolism). Mitochondria need oxygen to break down glucose fragments, releasing water, carbon dioxide, and energy (ATP). For those with low AT, even walking slowly up a flight of stairs reduces oxygen delivery, diminishing aerobic energy production. When AT is exceeded, as in the stairs example, oxygen is not available as needed for mitochondria to produce the full complement of 38 ATP from a single molecule of glucose. Without oxygen to supply the electron transport chain, a single glucose molecule will now just provide two molecules of ATP, or a 5% efficiency in the face of oxygen depletion. In turn, as glucose and glycogen stores are quickly exhausted, the energy-depleted cell looks for additional fuel sources. In the face of low MSH, leptin resistance is often present, preventing normal use (through direct beta-oxidation) of fatty acids for fuel (the "second wind" most runners have experienced). Under compromised conditions, lean body mass, our protein reserves, is broken down into amino acids, which are converted (especially alanine and glutamine) into glucose. The demand for ATP may create protein-wasting syndromes that conserve fat reserves. Patients will often complain about weight gain and an inability to gain muscle.

If AT is depressed, even trying to do a few things extra when a patient has a day with a bit more energy than most results in glycogen depletion. Do not forget glycogen replenishment is a slow process: patients will feel exhausted until the repletion of glycogen stores. Terms for this commonly observed phenomenon include "push/crash," "delayed recovery from normal activity," and "post-exertional malaise." Simply stated: "the patient did too much."

However, contrary to the IOM opinion, low AT is common in conditions other than just SEID. In CIRS, the oxygen delivery problem is complicated by a lack of normal blood flow into capillary beds, not to mention nuclear-encoded mitochondrial gene problems. Still, capillary hypoperfusion is the mechanism that underlies deficits in VCS, which is a hallmark of CIRS.

Performing CPET twice, 24 hours apart, can objectively document the push/crash syndrome. Maximal effort on Day 1 often demonstrates low VO2 max and impaired AT. With maximal effort (push) the first day, at-risk CIRS patients will often perform even more poorly (crash) on Day 2. VO2 max and AT are commonly lower on the second day, highlighting the push/crash phenomenon. CPET performed over two consecutive days can provide objective evidence of physical disability.


12. Ancillaries - von Willebrand's factors

Additional problems in CIRS paradoxically include both excessive clotting and bleeding. Just like in sepsis, where multiple inflammatory mediators are activated, including complement, Th1, Th2, and Th17, coagulation defects also appear. Likewise, two-thirds of CIRS patients will have abnormalities in a comprehensive von Willebrand's profile.  

Over 80% of CIRS patients will report shortness of breath. Asthma may occur, but restrictive lung disease, interstitial lung disease, and pulmonary emboli are all primary features of the differential diagnosis. Similarly, when exposure to a building results in unexplained nosebleeds and hemoptysis, immediately think of acquired von Willebrand's disease (AvWD), an easily treated condition using a medication (desmopressin) that costs about a nickel. If the differential diagnosis did not include AvWD, uncontrolled hemorrhage might follow. Conversely, elevated levels of vWF raise the risk of intravascular clotting, with deep vein thrombosis and pulmonary emboli possible. Whenever, for example, a patient suffers clotting around an intravenous catheter (especially PICC lines), make sure that elevated vWF factors are not the underlying problem.


13. Ancillaries - NeuroQuant®

NQ has made identification and separation of CIRS-WDB, CIRS-PLS, traumatic brain injury, PTSD, ciguatera, and multi-nuclear atrophy straightforward. When added to an MRI of the brain, NQ is an illness-specific indicator. The use of sequential NQ testing has shown there is much more plasticity for an injured brain to heal than once thought11. With low cost, rapid turnaround times, and no need for contrast dyes, NQ adds powerful weight to assessing cognitive dysfunction, including evaluation of possible risk for development of dementia.

We can look at a General Morphometry Report (GMR) produced by NQ, rapidly identify microscopic interstitial edema, atrophy, and patterns of brain injury accurately. Many unsupported ideas about PTSD being purely a psychiatric condition need re-evaluation now that we have indications of a unique volumetric measure that correlates with symptoms. We hope a new era will arrive in treating neurodegenerative illnesses now that we can use NQ to identify and correct grey matter nuclear atrophy.


14. Biotoxin pathway

Insert figure
Fig. 14.1 Biotoxin Illness Pathway: A Description of the Progressive Stages of CIRS Pathophysiology.
(Reprinted with permission from Dr. Ritchie Shoemaker, “2018 Diagnostic Process for Chronic 
Inflammatory Response Syndrome (CIRS): A Consensus Statement Report of the Consensus 
Committee of Surviving Mold.” Internal Medicine Review , May 2018.)

We are looking at multisystem dysfunction with genetic susceptibility and deficiency of neuroregulatory peptides. The schematic called the Biotoxin Pathway summarizes the basics of the role of innate immune inflammatory pathways. 

Within normal hosts, exposure to biotoxins will result in an innate immune response via the production and release of innate inflammatory markers5. Biotoxin exposure signals an adaptive immune response with specific antibody formation to the offending agent58. The antibody tags the biotoxin, signaling it for destruction and subsequent removal from the body44. With the activation of the adaptive immune system, inhibitory signals downregulate the innate immune response, preventing chronic innate immune activation41.

In contrast, hosts predisposed to chronic inflammatory response syndrome (CIRS) exhibit disruptions in their adaptive and innate immune mechanisms when exposed to biotoxins54, precluding the removal of the offending agents. The resultant, persistent biotoxicity creates an upregulation of the innate immune system2,8, which, if left unchecked, will manifest as CIRS75. Specific HLA immune response genes (HLA-DR genes) link to an increased risk for CIRS61,58.

In addition to triggering systemic inflammation, biotoxins can also have a direct neurotoxic effect61. In most patients, visual contrast sensitivity (VCS) testing can detect deficits caused by biotoxicity affecting the neurologic function in the visual system30.  

The upregulation of the innate immune system results in increased cytokine levels, which bind to receptors on certain white blood cells40, signaling the release of MMP-9 into the bloodstream17. Leptin's cytokine action acts upon macrophages resulting in the synthesis of additional pro-inflammatory cytokines66, such as TNF-α, IL-1, and IL-632. These cytokines can, in turn, stimulate further production of leptin from adipocytes, creating a positive feedback loop that perpetuates the innate inflammation and weight gain32.  

As opposed to leptin's driving force on the innate immune system during CIRS, leptin's normal physiologic hypothalamic influence wanes due to competing cytokines that block the leptin hypothalamic receptor66. Certain cytokines such as interleukin (IL)-6, IL-11, IL-12, and oncostatin M are capable of such a feat due to their structural similarity to leptin32. The leptin receptor blockage creates leptin resistance46, which causes upregulation of leptin production66. In normal physiology, leptin binds receptors located within the arcuate nucleus of the hypothalamus20. Inevitably, the leptin receptor blockade in CIRS leads to loss of hormonal regulatory control due to disruption of the POMC pathway with decreased hypothalamic hormones66.

With the release of cytokines, leukocytes marginalize to the venule's endothelial cell (EC) wall. A weak adhesion occurs between the leukocyte and the EC wall via a tethering and rolling process. The adhesion through leukocyte activation results in a stationary attachment24.

Persistent innate inflammation leads to abnormal T cell responses91 and dysregulated complement cascade54,70,71. In a normal host, there is tight regulation over the production of mature effector helper T (Th) cells and regulatory T (Treg) cell91. These mature T cells have specific functions in the immune system: Th1 and Th17 increase in autoimmune diseases; Th2 are involved in allergies; Tregs modulate inflammatory responses through regulation of Th cells9. Cytokines play a role in dictating the maturation of naïve CD4+ T cells into the various functional subtypes: IL-12 and interferon-gamma induce TH1 cells; IL-4 induces Th2 cells; IL-6, IL-23, and elevated TGFβ-1 induce Th17 cells; IL-2 and normal levels of TGFβ-1 induce Treg cell91. Additionally, specific intracellular proteins are known as "suppressors of cytokine signaling" (SOCS) 1 and (SOCS) 3 influence cytokine effects on both maturing effector helper T cells and Tregs91. 

The forkhead box P3 (FOXP3) gene is the "master of gene control" for Tregs15. In SOCS1 deficient Tregs, there is a loss of FOXP3 expression, leading to the production of pathogenic Tregs91. Although CD4+CD25+ Treg cells normally suppress autoimmunity15, once they become pathogenic T cells in the face of ongoing inflammation, they can induce autoimmunity91 and create tissue inflammation76. In CIRS patients, levels of circulating CD4+CD25+ Tregs decrease on Day 1 upon re-exposure to a water-damaged building (WDB) without spontaneous return to normalcy83. This finding supports the notion that the innate inflammation incited by inhalation of particulates from the WDB exposure induced conversion of CD4+CD25+ Tregs into pathogenic Tregs, thereby decreasing measurable levels of the CD4+CD25+ Tregs83. Additionally, TGFβ-1 regulates pathways that initiate and maintain the expression of FOXP3, thereby manipulating the production of Treg cells21. CIRS patients can develop autoimmunity as evidenced by the following antibodies: anti-gliadin antibodies (gluten sensitivity), anti-cardiolipin antibodies (ACLA)38, antineutrophil cytoplasmic antibodies (ANCA)65, and more.

CIRS can also involve derangements in the complement cascade, indicated by elevated C4a levels54,70,71. As the chronic inflammation continues, further hormonal dysregulation ensues.
Released in response to stress, cortisol is typically tightly regulated by ACTH through the hypothalamic-pituitary-adrenal (HPA) axis and is a good reflection of neuroendocrine wellbeing81. Unfortunately, 50% of CIRS patients with low MSH will experience loss of cortisol regulation65. During the beginning stages of CIRS, simultaneous ACTH and morning cortisol measurements are often high with minimal symptoms65. However, as CIRS progresses, ACTH and morning cortisol levels fall, resulting in a marked increase in symptoms65. Decreased ACTH production due to hypothalamic leptin resistance results in altered sleep regulation26. Chronic leptin resistance limits the production of MSH.

The posterior pituitary secretes antidiuretic hormone (ADH), regulating sodium and water balance89. The hypothalamus responds to the solute concentration (i.e., serum osmolality) in the blood through osmoreceptors89. When the serum osmolality is too high, the hypothalamus signals to the pituitary to secrete ADH into the bloodstream89. ADH subsequently induces the kidneys to reabsorb free water, thus diluting the blood89. Approximately 60% of CIRS patients will have dysregulation of ADH/serum osmolality levels65.


15. Summary

The science behind CIRS has evolved rapidly and expansively. Recent transcriptomics knowledge is advancing the foundation of CIRS proteomics. Implications for metabolic disorders are a staggering and exciting frontier. With the additions of endotoxin knowledge and actinobacteria, the intersection between environment and chronic illness continues to crystallize. 
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