Q Qeios, CC-BY 4.0 - Article, May 9, 2024

Open Peer Review on Qeios

Candida and Long Covid

Patrick Chambers'

1 Torrance Memorial Medical Center

Funding: No specific funding was received for this work.

Potential competing interests: No potential competing interests to declare.

Abstract

The pandemic has supercharged growing awareness of the gut microbiome as a critical determinant of human health.
Long haulers share microbiomes similar to those seen in myalgic encephalomyelitis/chronic fatigue syndrome and
fibromyalgia, all frequently associated with Candida overgrowth (CO). Candida has a unique relationship with IDO and
ATM, mediated by IFN-y. Zonulin, a circulating protein that increases intestinal and endothelial permeability, has
emerged as a central player. This protein can be activated by proteases secreted by Candida, opening the door to
myriad autoimmune and other chronic diseases. Many of these are seen in long Covid (LC). Candida hyphal walls
express proteins that are analogous to gliadin/gluten (celiac disease antibodies) or that are GPCRs, e.g., Crohn’s
disease antibodies present only in eukaryotes that may trigger antigliadin and anti-GPCR autoantibodies respectively.
These two autoantibody producing pathways both activate zonulin and may encompass the broad spectrum of

autoimmune diseases seen in LC. IFN-y, a marker for LC, can activate not only IDO but also zonulin.

The spike protein S on SARS CoV2 can attach to both the ACE2 receptor (required for tryptophan absorption) and Toll-
like receptor4 (TLR4) bearing cells (endothelial cells and enterocytes). The latter can also activate zonulin. A
hypothetical pathophysiologic model is proposed implicating pre-existing CO, aggravated by Covid-19, in not only the
genesis of LC but also that of autoimmune disease, dementia, cancer, many chronic diseases, and aging. Candida

may accomplish this directly or through IFN-y induced upregulation of both IDO and zonulin.

Keywords: zonulin, hyphae, G-protein coupled receptor (GPCR), mast cell, indoleamine dioxygenase (IDO).

1. Introduction

There has been an explosion of autoimmune diseases (see figure 1) over the last half century.
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Figure 1. The incidence of autoimmune disease has exploded since the mid 1900s for both
Crohn’s disease (anti-GPCR antibody) and celiac disease (anti-gluten antibody). Source:

Alessio Fasano, MD, Center for Celiac Research, Massachusetts General Hospital.

A dysbiotic gut microbiome appears to be the culprit, mediated by loss of intestinal and endothelial barrier integrity.
Zonulin, discovered in 2000 by Alessio Fasano and his research team, is the primary regulator of this barrier integrity.
Initially bacterial toxins in the gut microbiome were proposed as the source of the zonulin induced increase in intestinal
permeability. But recently the mycobiome has come under closer scrutiny in this regard. Although a genetic predisposition
to upregulation of zonulin is undeniable, focus has shifted to more controllable inputs. The zonulin hypothesis has been
proposed! '], It posits that SARS CoV2, which can bind TLR4, activates zonulin, as can IL-6 and gliadiff.. Zonulin in turn
activates complement. But does the virus act alone in the devolution of Covid-19 to LC? How are the gender disparities
reconciled? Why is the range of LC symptoms so vast and why are explanatory linkages so elusive? Might LC, classified
as an autoimmune disease by the Autoimmune Registry, be the consequence of an upsurge in anti-GPCR autoantibodies.
Multiple international symposia have targeted this phenomenonl®l. Anti-CXCR3*], anti-AT1Rs, and anti-B2 adrenergic

receptors, frequently encountered in long haulers!®! are all anti-GPCRs.
Hypothetical Model (see figure 2)

1. Commensal CO and transition to pathogenic hyphae can be both cause and effect of gut dysbiosis (imbalanced gut
microbiome).

2. Candida hyphae secrete proteases that activate PAR2 protease activated receptors (PAR2s) and zonulin receptors on
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Zonulin and its permeability enhancing properties enable paracellular hyphal invasion into the microcirculation

Candida hyphae contain two highly immunogenic surface epitopes, gluten-like Hwp1 (hyphal wall protein) and

These epitopes trigger both gluten/gliadin autoimmune disease and GPCR autoimmune disease
Persistent spike protein S binds to TLR4%! on intestinal and endothelial cells, activating zonulin receptors ']
Antibodies to host AT1Rs, B2 adrenergic receptors®], and CXCR3*! characterize LC. All are anti-GPCR antibodies.

Anti-CXCR3 antibodies (LC) compromise T-cell function, mediating autoimmunity and cancef’!
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Figure 2. MCP-Il is mast cell protease, similar in structure and function to zonulin ', TLR is toll-like receptor. CXCR3 is a chemokine receptor.

Numbers are references.

2. Zonulin and Increased Permeability

Zonulin is the only known physiologic modulator of intercellular TJ$' '], Activated PAR2 and zonulin receptors increase

intestinal and endothelial permeability!'?!
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A. Autoimmune Disease

Zonulin release is linked to autoimmune diseases, both those associated with gluten sensitivity (anti-gliadin antibodies),
e.g., celiac disease and ankylosing spondylitis'®! and those associated with Anti-Saccharomyces cerevisiae antibodies

(ASCAs)! 'l e.g., Crohn’s disease, IgA vasculitis/IgA nephropathy (anti-endothelins, GPCRs}'2Il15]

. All are reported in
LC. ASCAs are anti-GPCRsl'¢! and are elevated in inflammatory bowel disease (IBD), especially Crohn’s disease, but not
in celiac diseasel'*!. Celiac patients have higher IgA anti-gliadin antibodies than controls or IBD patient$' ). Both

autoantibody types trigger an increase in zonulin

B. Dementia

Brain endothelial cells express zonulin receptors and exposure of BBB to zonulin leads to increased permeabilitV]. IL-17,
biomarker for autoimmune diseasel'®! and IFN-y, biomarker for LG 9!, also elevate zonulin. Zonulin is elevated in

AD[?%] and pD2122]

C. Cancer

Elevated zonulin has been linked to numerous cancers, including colori??!24] breast, lung, ovary, pancreas, brain

(gliomas)!"®l, and liver cancers?%).

D. Other Diseases

Zonulin is directly linked to other diseases, e.g., overweight and obesity, at least in the youn&®/2”! multiple sclerosis

(MS), schizophrenial®®!28] qutism(2°/2°] and arthritis!=°!

3. Celiac Disease and Crohn’s Disease

A. Celiac Disease

Zonulin is a biomarker for celiac disease®'!, a well described autoimmune disease encountered in LC and linked to
antigliadin antibodies. These have high sensitivity and specificity for celiac diseasel®?). Anti-gliadin antibodies are present
in 5-12% of the general population and are hallmarks of celiac disease. They are also encountered in rheumatoid arthritis
(RA), Sjégren's syndrome, sarcoidosis!®3!, T1DM, MS, psoriasis, Grave’s disease, Hashimoto’s thyroiditis®*!, and rarely
IBD. RA®9], Sjogren’s syndromel®6l, and sarcoidosis'®’! are all associated with celiac disease. Other autoimmune
diseases associated with celiac disease include T1DM[®8], SLE, systemic sclerosis®?!, Grave’s diseasel*"!, Hashimoto’s
thyroiditis(*'!, and autoimmune hepatitisl*?l. However, there is considerable overlap, as GPCR autoantibodies and anti-

34][

gliadin antibodies can be concomitant, e.g., RA, SLE, and Graves’ diseasel®*1*0]. All are seen in LC. Many skin diseases

expressing anti-gliadin antibodies are linked to celiac disease and reported in LC. These include psoriasis!*3], alopecia
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areatal**], and vitiligo*>!. GPCR autoantibodies suppress hair follicle stem
cells4611471148][49][50](51][52][53][54][55][56157][58][59160][6 1][621[63][64][65](661167][68](69][70][71][721[73][741[75]176][77][78][79]{80][81][82][83

1[84][85][86][87][88][89][S0][91][10][92][93][94][95][96] and growth of
melanocytes[4/1148][49][50][51][52][53][54][55][56][57][58][59][60][61][62][63][64][65][66][67][68][69][7 0][7 1][72][73][74][75][76][77][78][79][80[81]]

B2I[B3][B4][BS][BEIB7IBBIESIP0INITOIE2]E3]94II95]196] GO is associated with alopecia and vitiligo.

B. Crohn’s Disease

ASCAs are biomarkers for IBD, especially Crohn’s disease. They are anti-GPCR antibodies'#! and can also be generated
by Candida albicans!“€ll*°l. CXCR3 is another GPCR with autoantibodies seen in both Crohn’s diseasé€?! and LC*..
Crohn’s disease, increased in LC and linked to ASCAs (anti-GPCRs), is associated with greater risks for colon cancer,
liver cancer, lymphoma, melanoma, squamous cell skin cancer, and cancers of lung and bladder®'!. CXCR3 on T cells
help suppress cancer®?l. Anti-GPCRs antibodies in LC may overshadow disease due to anti-gliadin antibodies (see figure

3).
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Figure 3. The blue circle represents the 2% incidence of celiac disease. The 10% circle represents the approximate incidence
of gluten antibodies in the general population. Thus, non-celiac gluten sensitive disease is about 8%. Although celiac disease
is probably significantly under-diagnosed, the majority of LC may be linked to anti-GPCRs. Both celiac disease and Crohn’s

disease are more common in females.

4. Candida

A. Gender

Females with autoimmune disease outnumber males (4:1). This may be due to their robust production of interferons,
especially IFN-y, and the estrogen enabled immune evasion of Candida. One study[®®! of 600,000+ vaccine-naive, PCR-
confirmed Covid-19 individuals demonstrated a significant increase in autoimmune disease within 3-15 months. But
surprisingly the highest rates for recent onset were found for vasculitides, which are somewhat rare. Furthermore,

although females are more susceptible to autoimmune disease, including LC, the incidence of autoimmune vasculitides in
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those with LC was higher in males. For example, IgA nephropathy (IgAN) has been reported post Covid-19 and post
Covid-19 vaccinel®*! and IgA vasculitis has been reported in L3°%! and possibly in Covid toes®l. IgAN and IgA vasculitis
are mediated by IgA antibodies to endothelin receptors. Endothelin receptors are GPCRs. These two autoimmune
diseases predominate in males, 4:1 for IJAN®”] and 2:1 for IgA vasculitis®®l. MIS-C and MIS-A, systemic vasculitides, are
more common in males, and also involve endothelin receptors. Although the LC autoimmune response is more prominent
in women following asymptomatic infection, the range and extent of expression in males correlated more with severity of
Covid-19(9]_ Autoantibodies targeting GPCRs and RAS-related molecules associate with Covid-19 severity, seen
primarily in malesl?!, is directly related to TGF-B without an autoimmune component®®]. Estrogen depresses endothelin
synthesis!®'], which may provide protection against autoimmune vasculitides. SARS CoV2 in females may be more
autoimmune and IFN-y related, while in males it may be more vascular/connective tissue and TGF-f related (thrombosis
and fibrosis). This may hypothetically put female long haulers at slightly greater risk for dementia and male long haulers at

slightly greater risk for cancer.

B. Epitopes and GPCRs

An epitope or antigenic determinant is the locus on an antigen that is particularly immunogenic. Expression of surface

amino acid sequences on Candida hyphae analogous to the gluten protein gliadin (celiac disease) was first reported in
20151621163

Indeed celiac disease might serve as a partial proxy for CO and invasion. Candida hyphae secrete aspartyl protease that
activates surface PAR2, an ubiquitous receptor on host cells. It is also known as coagulation factor Il (thrombin) receptor-
like 1 (F2RL1)!®l. PAR2 is a GPCR targeted by zonulin that, when activated, increases permeability and may jointly
mediate associated autoimmunity by enabling an invasive pathway for exposure to CXCR3 bearing T-cells (see figure 2).
Furthermore, GPCR laden hyphae may via this same zonulin enabled pathway induce a spectrum of autoimmune
diseases. This interpretation is supported by the concomitant surge in both anti-GPCR mediated autoimmunity!®! (Crohn’s

disease) and Hwp1 linked celiac diseasel®*! (see figure 1).

Candidemia can also trigger ASCAS%°!, tightly linked to Crohn’s diseasé'*]. Consequently anti-Hwp1 antibodies and
ASCAs link Candida to both celiac disease!*8! and Crohn’s disease. In a study of 33 patients with a variety of
inflammatory and autoimmune diseases 60% of those with an elevated zonulin tested positive for yeast overgrowthl®6!.
Linkage between zonulin and yeast overgrowth provides additional support for an etiologic Candida-LC coupling.

However, a causative Candida connection to the autoantibodies in LC/autoimmune disease remains theoretical.

5. LC and Autoimmune diseases

A. The Candida Connection

Zonulin and B-glucan, a marker for translocation of fungal products into circulation, are elevated in individuals with long
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Covid(®’]. Fungal but not bacterial translocation was observed during LG?8]. In mice amyloid beta is a marker for CNS
Candida hyphal forms!®?l. Hippocampal amyloid beta is tightly linked to Alzheimer’s disease. This Candida-LC coupling is
further supported by the generation of anti-GPCRs in animals infected with SARS CoV2!’%l. Although Covid-19 has

accelerated cognitive decline, the incidence of AD and PD in long haulers over the long term remains to be seen.

B. Spike S and TLR4

The spike protein (viral or vaccine) of SARS CoV2 activates TLR4, another GPCRE!. Activated TLR4 on enteric and
endothelial cells activates zonulin, enhancing their permeabilityl'! (see figure 2). Since TLR4 is present on the spike
protein S (viral or vaccine), the risk for zonulin induced autoimmune disease and cancer may be elevated regardless.
Neuroinflammation in LC may be mediated by persistent spike protein that directly activates epidermal growth factor
receptors (EGFRs)!”!] by anti-EGFR antibodies or by translocated Candida hyphae. The CNS is rich in EGFRs, which are
GPCRs. These receptors and their ligands support a pathogenic model for LC involving Candida induced autoimmune

disease. So, several pathways may be involved, spike protein S and TLR4/GPCR related or Candida hyphal invasionl’?!.

6. IFN-y and Tryptophan

Females are robust producers of interferon, especially IFN-y. Candida elicits robust production of this cytokine, an indirect
ligand for zonulin receptors, according to a recent study!’Sl. Upregulated IFN-y increases intestinal and endothelial

permeability!’].

But Candida and IFN-y do much more than this. Altered tryptophan metabolism is a characteristic feature of LC. IFN-y is a
required cofactor for indoleamine dioxygenase (IDO) and drives the pivot of tryptophan metabolism from its 5% allocation
for the serotonin/melatonin pathway to nearly 100% for the kynurenine pathway. This pivot elevates several neurotoxic

metabolites, facilitated by IFN-y (see figure 4).
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Figure 4. ATM characterizes LC (autoimmunity), cancer, dementia, obesity, and many other diseases. Covid-19 aggravates this, as intestinal ACE2

receptor bearing cells are required for tryptophan absorption.

Furthermore, ACE2 receptors must complex with B’AT, a neutral amino acid transporter required for absorption of dietary

tryptophan, a neutral, essential amino acid!”%]. Cell death of tryptophan rich cells after SARS-CoV2 invasion might explain

the reported increased levels of tryptophan and its metabolites in Covid-1917%]. The decrease in tryptophan in LC suggests

exhaustion, as tryptophan is significantly lower and kynurenine higher in severe v. mild LC (high consumption, diminishing

Supply)[76][77].

IDO in a healthy individual is highest, when Candida is a colonist. Any further increase in IDO risks mucosal damage. IFN-

y is a required cofactor for IDO and any increase, e.g., SARS CoV2, may initiate such damage, as IFN-y upregulates

IDOL78l. Covid-19 severity is directly related to TGF-B°.. TGF-B suppresses IFN-\ 9801 | ow IFN-y translates to low IDO

activity and elevated tryptophan. Since tryptophan inhibits Candida hyphal formation/®'], CO and autoimmune disease

should be suppressed. Since males are less capable of robust interferon production, they are more likely to exhibit a

greater TGF-B response to Covid-19. Covid-19 severity in males with more asymptomatic cases in females supports this

view. IFN-y is elevated in LCl'¥ and the predilection of LC for females also supports this view. The slight predilection of

autoimmune disease and dementia for females and the slight predilection

of cancer for males supports this view. TGF-3

regulates tolerogenesis; too little (too much IFN-y) and self antigens targeted, too much (too little IFN-y) and tumor
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antigens are not targeted.

Butyrate immuno-modulates IFN-y[®2] and TGF-B (transforming growth factor), which are reciprocals and counterbalance
each other[7°I80]_ Butyrate, a postbiotic, also stimulates the release of glucagon-like peptide (GLP-1). Ozempic, the
popular weight loss drug, is a GLP-1 agonist, and obesity is directly linked to zonulin. D-mannose, a prebiotic and fiber

substitute, opposes zonulin®%l. D-mannose, a prebiotic and fiber substitute, opposes zonulin®! (see figure 5).

Western Lifestyle Oxidative Stress Inflammaging

Autoimmunity,
Dementia, CA,
Obesity,
Disease,

Pleiotropic Triad

Gliadin, GPCR Abs

Gut Dysbiosis

Figure 5. A prebiotic, probiotic, postbiotic approach may slow the inevitable age related decline in lifespan and healthspan, as reflected by

decreasing heart rate variability (HRV). The pleiotropic triad is IL1-B, TNF-o, and IL-6.

7. Summary

Figure 6 demonstrates the links between Long Covid and CO. These associations are well supported by the most recent

medical literature and the causative role of CO in the pathogenesis of LC is provocative. Candida can synthesize IDO to
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regulate host tryptophan (inverse relationship), an anti-fungal. Its first metabolite is kynurenine (see figure 4) that
promotes mast cell activation. Candida hyphae can activate MCP-II (see figure 2), which will further upregulate mast cell
activity. Furthermore, these links lend technical support to Hippocrates’ nearly 2500 year old aphorism “death sits in the

bowel.”

Inc zonulin/ i .
PAR? Microbiome

Candida

11,12 11,12

13,14

10

Microbiome
Long Covid ? Candida

16,17,18 19,20

Candida Long Covid

Figure 6. Shows three related diagrams. PAR2 is protease activated receptor. IDO is indoleamine dioxygenase. Numbers are references.

8. Conclusion

The commensal Candida has been a quiet member of the human microbial community for many millennia. But a potential
Jekyll and Hyde pathogenic hyphal transformation has always lurked in the shadows, arising when opportunity presents.
Deterioration of the modern diet must be at the top of that list. The gut connection was first recognized by Hippocrates

over 2400 years ago.
LC is responsible for untold pain and suffering. But a micronutrient approach might alleviate much of this.

1. Vitamin D, so frequently deficient, provides many benefits, especially for autoimmune diseasé*'l. For example,
D3I83] (and tryptophanl®'l) inhibit hyphal transition.

2. Ca:Mg is too high in the typical Western diet and too low in the typical Asian diet; C&* may upregulate zonulin[®4].
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Mg2* is a calcium antagonist, glutamate NMDA receptor blocker, vasodilator, antioxidant, and anti-inflammatory agent.
It also opposes Candida immune evasion!®®l. Elevated Ca?* compromises mitochondrial function!®6l. Magnesium
impairs Candida albicans immune evasion!®%]. Candida subsists on refined sugar and alcohol. Accordingly CO can
elevate acetaldehyde (brain fog), which is degraded in mitochondria by an enzyme that requires magnesium as
cofactor. Oxidative stress consumes antioxidants and compromises mitochondrial function. Mg+ deficiency mimics
symptoms of aging!®”!, as do GPCR antibodies®®! and TLR4 activation!89/[90]

3. Alpha lipoic acid is a strong anti-oxidant, immuno-modulates autoimmune diseasé®!! and can arrest the growth of
Candida albicans!"!

4. Atriple play of prebiotic, probiotic, and postbiotic regimen addresses many modern maladie$®?! (see figure 5).
Butyrate (postbiotic) inhibits yeast growth®3l. D-mannose, a prebiotic and fiber substitute, supports intestinal barrier
integrity (see figure 5). Our food should be our medicine and our medicine should be our food (Hippocrates). The
“good bacteria,” Bifidobacterium and Lactobacillus (butyrate producers), suppress intestinal release of zonulin levels,
whereas other primarily Gram-negative bacteria induce zonulin releasel”?!.

5. Exercise reversibly improves the gut microbiomé®4l. Walking is a man's best medicine (Hippocrates).

References from Figure 6

[1] Palomino-Kobayashi LA, Ymana B, Ruiz J, Mayanga-Herrera A, Ugarte-Gil MF, Pons MJ. Zonulin, a marker of gut
permeability, is associated with mortality in a cohort of hospitalised peruvian COVID-19 patients. Front Cell Infect

Microbiol. 2022 Sep 6;12:1000291. https://doi.org/10.3389/fcimb.2022.1000291

[2] Davis, H.E., McCorkell, L., Vogel, J.M. et al. Long COVID: major findings, mechanisms and recommendations. Nat Rev

Microbiol 21, 133-146 (2023). https://doi.org/10.1038/s41579-022-00846-2

[3] Eroglu i, Erodlu BC, Giiven GS. Altered tryptophan absorption and metabolism could underlie long-term symptoms in

survivors of coronavirus disease 2019 (COVID-19). Nutrition. 2021 Oct;90:111308.
https://doi.org/10.1016/j.nut.2021.111308

[4] Bozza, S, Fallarino, F, Pitzurra, L, Zelante, T, Montagnoli, C, Bellocchio, S, et al; A Crucial Role for Tryptophan
Catabolism at the Host/Candida albicans Interface. J Immunol 1 March 2005; 174 (5): 2910-2918.

https://doi.org/10.4049/jimmunol.174.5.2910

[5] O'Connor JC, André C, Wang Y, Lawson MA, Szegedi SS, Lestage J, et al. Interferon-gamma and tumor necrosis
factor-alpha mediate the upregulation of indoleamine 2,3-dioxygenase and the induction of depressive-like behavior in
mice in response to bacillus Calmette-Guerin. J Neurosci. 2009 Apr 1;29(13):4200-9.
https://doi.org/10.1523/JNEUROSCI.5032-08.2009

[6] Sturgeon C, Fasano A. Zonulin, a regulator of epithelial and endothelial barrier functions, and its involvement in chronic

inflammatory diseases. Tissue Barriers. 2016 Oct 21;4(4):e1251384. https://doi.org/10.1080/21688370.2016.1251384

Qeios ID: JEB1EQ.2 - https://doi.org/10.32388/JE31EO.2 12/21


https://doi.org/10.3389/fcimb.2022.1000291
https://doi.org/10.1038/s41579-022-00846-2
https://doi.org/10.1016/j.nut.2021.111308
https://doi.org/10.4049/jimmunol.174.5.2910
https://doi.org/10.1523/JNEUROSCI.5032-08.2009
https://doi.org/10.1080/21688370.2016.1251384

Q Qeios, CC-BY 4.0 - Article, May 9, 2024

[7]1Jiang Y, Lu L. New insight into the agonism of protease-activated receptors as an immunotherapeutic strategy. J Biol

Chem. 2024 Feb;300(2):105614. https://doi.org/10.1016/j.jbc.2023.105614

[8] Veres-Székely A, Szasz C, Pap D, Szebeni B, Bokrossy P, Vannay A. Zonulin as a Potential Therapeutic Target in
Microbiota-Gut-Brain Axis Disorders: Encouraging Results and Emerging Questions. International Journal of Molecular

Sciences. 2023; 24(8):7548. https://doi.org/10.3390/ijms24087548

[91Kim Y, Lee Y, Heo G, Jeong S, Park S, Yoo JW, Jung Y, Im E. Modulation of Intestinal Epithelial Permeability via
Protease-Activated Receptor-2-Induced Autophagy. Cells. 2022 Mar 3;11(5):878. https://doi.org/10.3390/cells11050878

[10] Nguyen LN, Lopes LC, Cordero RJ, Nosanchuk JD. Sodium butyrate inhibits pathogenic yeast growth and enhances
the functions of macrophages. J Antimicrob Chemother. 2011 Nov;66(11):2573-80. https://doi.org/10.1093/jac/dkr358

[11] Gozalbo, DG, Maneu, V, Gil, ML. (2014) Role of IFN-gamma in immune responses to Candida albicans infections.

Frontiers in Bioscience 19, 1279-1290. https://doi.org/10.2741/4281

[12] Riipi L, Carlson E. 1990. Tumor necrosis factor (TNF) is induced in mice by Candida albicans: role of TNF in

fibrinogen increase. Infect Immun 58:.

https://doi.org/10.1128/iai.58.9.2750-2754.1990

[13] Donohoe DR, Holley D, Collins LB, Montgomery SA, Whitmore AC, Hillhouse A, et al. A gnotobiotic mouse model
demonstrates that dietary fiber protects against colorectal tumorigenesis in a microbiota- and butyrate-dependent manner.

Cancer Discov. 2014 Dec;4(12):1387-97. https://doi.org/10.1158/2159-8290.CD-14-0501

[14] Jaye K, Chang D, Li CG, Bhuyan DJ. Gut Metabolites and Breast Cancer: The Continuum of Dysbiosis, Breast
Cancer Risk, and Potential Breast Cancer Therapy. Int J Mol Sci. 2022 Aug 22;23(16):9490.

https://doi.org/10.3390/ijms23169490

[15] Lau, R.l., Su, Q., Lau, I.S., Ching, J.Y., Wong, M.C., Lau, L.H., et al. (2023). A synbiotic preparation (SIM01) for post-
acute COVID-19 syndrome in Hong Kong (RECOVERY): a randomised, double-blind, placebo-controlled trial. The Lancet.

Infectious diseases. https://doi.org/10.1016/S1473-3099(23)00685-0

[17] Phuna ZX, Madhavan P. A closer look at the mycobiome in Alzheimer's disease: Fungal species, pathogenesis and

transmission. Eur J Neurosci. 2022 Mar;55(5):1291-1321. https://doi..org/10.1111/ejn.15599

[18] Chuyu Wu, Mei-Ling Jiang, Runqui Jiang, Tao Pang, Cun-Jin Zhang, Cun-Jin Zhang et al. The roles of fungus in CNS

autoimmune and neurodegeneration disorders. (2023) Frontiers in Immunology volume 13.

https://doi.org/10.3389/fimmu.2022.1077335

[19] Epp LM, Rodgers, R. Candida and Parkinson’s disease. (2014)

[20] Dubey, S., Das, S., Ghosh, R., Dubey, M. J., Chakraborty, A. P., Roy, D., et al. (2023). The effects of SARS-CoV-2

Qeios ID: JEB1EQ.2 - https://doi.org/10.32388/JE31EO.2 13/21


https://doi.org/10.1016/j.jbc.2023.105614
https://doi.org/10.3390/ijms24087548
https://doi.org/10.3390/cells11050878
https://doi.org/10.1093/jac/dkr358
https://doi.org/10.2741/4281
https://doi.org/10.1128/iai.58.9.2750-2754.1990
https://doi.org/10.1158/2159-8290.CD-14-0501
https://doi.org/10.3390/ijms23169490
https://doi.org/10.1016/S1473-3099(23)00685-0
https:/10.1111/ejn.15599
https://doi.org/10.3389/fimmu.2022.1077335

Q Qeios, CC-BY 4.0 - Article, May 9, 2024
infection on the cognitive functioning of patients with pre-existing dementia. Journal of Alzheimer’s Disease Reports, 7(1),
119-128. https://doi.org/10.3233/ADR-220090

[21] Al-Aly Z, Rosen CJ. Long Covid and Impaired Cognition - More Evidence and More Work to Do. N Engl J Med. 2024
Feb 29;390(9):858-860. https://doi.org/10.1056/NEJMe2400189

[22] Chung L., Liang J., Lin C., Sun L., Kao C. Cancer risk in patients with candidiasis: a nationwide population-based

cohort study. Oncotarget. 2017; 8: 63562-63573. Retrieved from https:/www.oncotarget.com/article/18855/text/

[23] Saini G, Aneja R. Cancer as a prospective sequela of long COVID-19. Bioessays. 2021 Jun;43(6):e2000331.
https://doi.org/10.1002/bies.202000331

[24] Sharma, C., Bayry, J. High risk of autoimmune diseases after COVID-19.Nat Rev Rheumatol 19, 399-400 (2023).
https://doi.org/10.1038/s41584-023-00964-y

[25] Ortona, E., Buonsenso, D., Carfi, A. et al. Long COVID: an estrogen-associated autoimmune disease?. Cell Death

Discov. 7, 77 (2021). https://doi.org/10.1038/s41420-021-00464-6

[26] Roe K. How major fungal infections can initiate severe autoimmune diseases. Microb Pathog. 2021 Dec;161(Pt

A):105200. https://doi.org/10.1016/j.micpath.2021.105200

[27] Giirsoy S, Kockar T, Atik SU, Onal Z, Onal H, Adal E. Autoimmunity and intestinal colonization by Candida albicans in
patients with type 1 diabetes at the time of the diagnosis. Korean J Pediatr. 2018 Jul;61(7):217-220.
https://doi.org/10.3345/kjp.2018.61.7.217

[28] Shoukat M, Ullah F, Tarig MN, Din G, Khadija B, Faryal R. Profiling of potential pathogenic candida species in
obesity. Microb Pathog. 2023 Jan;174:105894. https://doi.org/10.1016/j.micpath.2022.105894

[29] Sun, S., Sun, L., Wang, K. et al. The gut commensal fungus, Candida parapsilosis, promotes high fat-diet induced

obesity in mice. Commun Biol 4, 1220 (2021). https://doi.org/10.1038/s42003-021-02753-3

[30] Vimercati L, De Maria L, Quarato M, Caputi A, Gesualdo L, Migliore G, et al, Inchingolo F, et al. Association between
Long COVID and Overweight/Obesity. Journal of Clinical Medicine. 2021; 10(18):4143.
https://doi.org/10.3390/jcm10184143

References

1. @5.C jorens S, Nava E, Mufioz-Lépez M, Sanchez-Larsen A, Segura T. Neurological Symptoms of COVID-19: The
Zonulin Hypothesis. Front Immunol. 2021 Apr 26;12:665300. https.//doi.org/10.3389/fimmu.2021.665300

2. "Lammers KM, Lu R, Brownley J, Lu B, Gerard C, Thomas K, et al. Gliadin induces an increase in intestinal
permeability and zonulin release by binding to the chemokine receptor CXCR3. Gastroenterology. 2008

Jul;135(1):194-204.e3. https://doi.org/10.1053/.gastro.2008.03.023

Qeios ID: JEB1EQ.2 - https://doi.org/10.32388/JE31EO.2 14/21


https://doi.org/10.3233/ADR-220090
https://doi.org/10.1056/NEJMe2400189
https://www.oncotarget.com/article/18855/text/
https://doi.org/10.1002/bies.202000331
https://doi.org/10.1038/s41584-023-00964-y
https://doi.org/10.1038/s41420-021-00464-6
https://doi.org/10.1016/j.micpath.2021.105200
https://doi.org/10.3345/kjp.2018.61.7.217
https://doi.org/10.1016/j.micpath.2022.105894
https://doi.org/10.1038/s42003-021-02753-3
https://doi.org/10.3390/jcm10184143

Q Qeios, CC-BY 4.0 - Article, May 9, 2024

3. &bCabral-Marques O, Moll G, Catar R, Preuf3 B, Bankamp L, Pecher AC, et al. Autoantibodies targeting G protein-
coupled receptors: An evolving history in autoimmunity. Report of the 4th international symposium. Autoimmun Rev.
2023 May;22(5):103310. https://doi.org/10.1016/j.autrev.2023.103310

4. &b.c.dCapral-Marques, O., Halpert, G., Schimke, L.F. et al. Autoantibodies targeting GPCRs and RAS-related
molecules associate with COVID-19 severity. Nat Commun 13, 1220 (2022). https://doi.org/10.1038/541467-022-
28905-5

5. &DSzewczykowski C, Mardin C, Lucio M, Wallukat G, Hoffmanns J, Schréder T, et al. Long COVID: Association of
Functional Autoantibodies against G-Protein-Coupled Receptors with an Impaired Retinal Microcirculation. Int J Mol
Sci. 2022 Jun 29;23(13):7209. https.//doi.org/10.3390/ijms23137209

6. &PKumar R, Rojas IG, Edgerton M. Candida albicansSap6 Initiates Oral Mucosal Inflammation via the Protease
Activated Receptor PAR2. Front Immunol. 2022 Jun 29;13:912748. https://doi.org/10.3389/fimmu.2022.912748

7. 5.CRahman, MT, Ghosh, C, Hossain, M, Linfield, D, Rezaee, F, Janigro, D, et al. IFN-y, IL-17A, or zonulin rapidly
increase the permeability of the blood-brain and small intestinal epithelial barriers: Relevance for neuro-inflammatory
diseases. Biochem. Biophys. Res. Commun. 2018, 507, 274-279. https://doi.org/10.1016/j.bbrc.2018.11.021

8. &bZhao, V., Kuang, M., Li, J. et al. SARS-CoV-2 spike protein interacts with and activates TLR41. Cell Res 31, 818-
820 (2021). https://doi.org/10.1038/s41422-021-00495-9

9. "Karin N. CXCR3 Ligands in Cancer and Autoimmunity, Chemoattraction of Effector T Cells, and Beyond. Front
Immunol. 2020 May 29;11:976. https.//doi.org/10.3389/fimmu.2020.00976

10. &0 ¢ dTripathi AK; Ray AK, Mishra SK, Bishen SM, Mishra H, Khurana A. Molecular and Therapeutic Insights of
Alpha-Lipoic Acid as a Potential Molecule for Disease Prevention. Rev Bras Farmacogn. 2023;33(2):272-287.
https://doi.org/10.1007/543450-023-00370-1)

11. "Fasano A. Zonulin, regulation of tight junctions, and autoimmune diseases. Ann N'Y Acad Sci. 2012 Jul;1258(1):25-
33. https://doi.org/10.1111/j.1749-6632.2012.06538.x

12. @PSturgeon C, Fasano A. Zonulin, a regulator of epithelial and endothelial barrier functions, and its involvement in
chronic inflammatory diseases. Tissue Barriers. 2016 Oct 21,;4(4):e1251384.
https://doi.org/10.1080/21688370.2016.1251384

13. @ PFasano A. Intestinal permeability and its regulation by zonulin: diagnostic and therapeutic implications. Clin
Gastroenterol Hepatol. 2012 Oct;10(10):1096-100. https://doi.org/10.1016/j.cgh.2012.08.012

14. @ 5.¢.9]1 J Walker, MC Aldhous, HE Drummond, BRK Smith, ER Nimmo, IDR Arnott, et al. Anti-Saccharomyces
cerevisiae antibodies (ASCA) in Crohn's disease are associated with disease severity but not NOD2/CARD15
mutations, Clinical and Experimental Immunology, March 2004, 135 (3):490-496, https://doi.org/10.1111/.1365-
2249.2003.02392

15. "Kohan DE, Barratt J, Heerspink HJL, Campbell KN, Camargo M, Ogbaa |, et al. Targeting the Endothelin A Receptor
in IgA Nephropathy. Kidney Int Rep. 2023 Aug 4,8(11):2198-2210. https.//doi.org/10.1016/].ekir.2023.07.023

16. "Miettinen, K., Leelahakorn, N., Almeida, A. et al. A GPCR-based yeast biosensor for biomedical, biotechnological,
and point-of-use cannabinoid determination. Nat Commun 13, 3664 (2022). https.//doi.org/10.1038/s41467-022-
31357-6

Qeios ID: JEB1EQ.2 - https://doi.org/10.32388/JE31EO.2 15/21



Q Qeios, CC-BY 4.0 - Article, May 9, 2024

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

"Koninckx, CR, Giliams, JP Polanco, I, Pena, AS, IgA Antigliadin Antibodies in Celiac and Inflammatory Bowel
Disease. Journal of Pediatric Gastroenterology and Nutrition 3(5):p 676-682, November 1984.
https://doi.org/10.1097/00005176-1984.11000-00006

"Kuwabara T, Ishikawa F, Kondo M, Kakiuchi T. The Role of IL-17 and Related Cytokines in Inflammatory
Autoimmune Diseases. Mediators Inflamm. 2017;2017:3908061. https://doi.org/10.1155/2017/3908061

. bKrishna BA, Lim EY, Metaxaki M, Jackson S, Mactavous L, Lyons PA, et al. Spontaneous, persistent, T cell-
dependent IFN-y release in patients who progress to Long Covid. Sci Adv. 2024 Feb 23;10(8):eadi9379.
https.//doi.org/10.1126/sciadv.adi9379

"Boschetti E, Caio G, Cervellati C, Costanzini A, Rosta V, Caputo F, et al. Serum zonulin levels are increased in
Alzheimer's disease but not in vascular dementia. Aging Clin Exp Res. 2023 Sep;35(9):1835-1843.
https://doi.org/10.1007 %2Fs40520-023-02463-2

"van IJzendoorn SCD, Derkinderen P. The Intestinal Barrier in Parkinson's Disease: Current State of Knowledge. J
Parkinsons Dis. 2019;9(s2):S323-S329. https.//doi.org/10.3233/JPD-191707

"Boncuk Ulas S, Giizey Aras Y, Irmak Géziikara S, Acar T, Acar BA. Correlates of Zonulin and Claudin-5, markers of
intestinal and brain endothelial permeability, in Parkinson's Disease: A pilot study. Parkinsonism Relat Disord. 2023
May;110:105361. https://doi.org/10.1016/].parkreldis.2023.105361

"Kushlinskii, N.E., Gershtein, E.S., Zybina, N.N. et al. Blood Serum Zonulin in Colorectal Cancer, Autoimmune Bowel
Diseases, and Irritable Bowel Syndrome. Bull Exp Biol Med 173, 376-379 (2022). https://doi.org/10.1007/s10517-022-
05552-w

"Onwuzo S, Boustany A, Saleh M, Gupta R, Onwuzo C, Mascarenhas Monteiro J, Lawrence F, Emeshiobi C, Odu J,
Asaad I. Increased Risk of Colorectal Cancer in Patients With Celiac Disease: A Population-Based Study. Cureus.
2023 Mar 31,;15(3):e36964. https://doi.org/10.7759/cureus.36964

a.b.¢Fasano, A. All disease begins in the (leaky) gut: role of zonulin-mediated gut permeability in the pathogenesis of
some chronic inflammatory diseases. F1000Res. 2020 Jan 31,9:F1000 Faculty Rev-69.
https://doi.org/10.12688/f1000research.20510.1

"Pepe G, Corica D, Currd M, Aversa T, Alibrandi A, lentile R, et al. Fasting and meal-related zonulin serum levels in a
large cohort of obese children and adolescents. Front Endocrinol (Lausanne). 2024 Feb 8;15:1329363.
https://doi.org/10.3389/fendo.2024.1329363

"Kim JH, Heo JS, Baek KS, Kim SY, Kim JH, Baek KH, et al. Zonulin level, a marker of intestinal permeability, is
increased in association with liver enzymes in young adolescents. Clin Chim Acta. 2018 Jun;481:218-224.
https://doi.org/10.1016/j.cca.2018.03.005

"Fasano, A. Zonulin and its regulation of intestinal barrier function: the biological door to inflammation, autoimmunity,
and cancer. Physiol Rev. 2011 Jan;91(1):151-75. https://doi.org/10.1152/physrev.00003.2008

"Kara H, Burak Acikel S, Cetinkaya M, Cigdem Tuncer S. Serum Zonulin Levels Are Higher Among Children with
Autism Spectrum Disorders and Correlated with Social Impairment. Alpha Psychiatry. 2021 Sep 1,22(5):250-256.
https://doi.org/10.1530/alphapsychiatry.2021.21152

a.b. ¢ Tajik, N., Frech, M., Schulz, O. et al. Targeting zonulin and intestinal epithelial barrier function to prevent onset of

Qeios ID: JEB1EQ.2 - https://doi.org/10.32388/JE31EO.2 16/21



Q Qeios, CC-BY 4.0 - Article, May 9, 2024

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

arthritis. Nat Commun 11, 1995 (2020). https.//doi.org/10.1038/s41467-020-15831-7

"DaFonte TM, Valitutti F, Kenyon V, Locascio JJ, Montuori M, Francavilla R, et al; CD-GEMM Study Group. Zonulin as
a Biomarker for the Development of Celiac Disease. Pediatrics. 2024 Jan 1;153(1):e2023063050.
https://doi.org/10.1542/peds.2023-063050

"Benson BC, Mulder CJ, Laczek JT. Anti-gliadin antibodies identify celiac patients overlooked by tissue
transglutaminase antibodies. Hawaii J Med Public Health. 2013 Sep;72(9 Suppl 4):14-7
https.//pubmed.ncbi.nlm.nih.gov/24052912

"Taraghikhah N, Ashtari S, Asri N, Shahbazkhani B, Al-Dulaimi D, Rostami-Nejad M, et al. An updated overview of
spectrum of gluten-related disorders: clinical and diagnostic aspects. BMC Gastroenterol. 2020 Aug 6;20(1):258.
https://doi.org/10.1186/512876-020-01390-0

a.bpassali M, Josefsen K, Frederiksen JL, Antvorskov JC. Current Evidence on the Efficacy of Gluten-Free Diets in
Multiple Sclerosis, Psoriasis, Type 1 Diabetes and Autoimmune Thyroid Diseases. Nutrients. 2020 Aug 1;12(8):2316.
https://doi.org/10.3390/nu12082316

"Hua L, Xiang S, Xu R, Xu X, Liu T, Shi Y, Wu L, Wang R, Sun Q. Causal association between rheumatoid arthritis and
celiac disease: A bidirectional two-sample mendelian randomization study. Front Genet. 2022 Oct 18;13:976579.
https://doi.org/10.3389/fgene.2022.976579

"Balaban DV, Mihai A, Dima A, Popp A, Jinga M, Jurcut C. Celiac disease and Sjégren's syndrome: A case report and
review of literature. World J Clin Cases. 2020 Sep 26;8(18):4151-4161. https://doi.org/10.12998/wjcc.v8.i18.4151
"(Wijarnpreecha K, Panjawatanan P, Corral JE, Lukens FJ, Ungprasert P. Celiac disease and risk of sarcoidosis: A
systematic review and meta-analysis. J Evid Based Med. 2019 Aug;12(3):194-199. https://doi.org/10.1111/jebm.12355
"Flores Monar GV, Islam H, Puttagunta SM, Islam R, Kundu S, Jha SB, et al. Association Between Type 1 Diabetes
Mellitus and Celiac Disease: Autoimmune Disorders With a Shared Genetic Background. Cureus. 2022 Mar
7;14(3):€22912. https://doi.org/10.7759/cureus.22912

"Beas R, Altamirano-Farfan E, Izquierdo-Veraza D, Norwood DA, Riva-Moscoso A, Godoy A, et al. Prevalence of
celiac disease in systemic lupus erythematosus, sjogren syndrome and systemic sclerosis: A systematic review and
meta-analysis. Dig Liver Dis. 2024 Apr 6:51590-8658(24)00316-5. htips://doi.org/10.1016/).dld.2024.03.015

a.bJoshi AS, Varthakavi PK, Bhagwat NM, Thiruvengadam NR. Graves' disease and coeliac disease: screening and
treatment dilemmas. BMJ Case Rep. 2014 Oct 23;2014:bcr2013201386. https://doi.org/10.1136/bcr-2013-201386
a,bStarchi C, Scherkl M, Amrein K. Celiac Disease and the Thyroid: Highlighting the Roles of Vitamin D and Iron.
Nutrients. 2021 May 21,13(6):1755. https://doi.org/10.3390/nu13061755

"Igbal U, Chaudhary A, Karim MA, Siddiqui MA, Anwar H, Merrell N. Association of Autoimmune Hepatitis and Celiac
Disease: Role of Gluten-Free Diet in Reversing Liver Dysfunction. J Investig Med High Impact Case Rep. 2017 Apr
19;5(2):2324709617705679. https://doi.org/10.1177/2324709617705679

"Vashist S, Mahajan VK, Mehta KS, Chauhan PS, Yadav RS, Sharma SB, et al. Association of Psoriasis with
Autoimmune Disorders: Results of a Pilot Study. Indian Dermatol Online J. 2020 Sep 19;11(5):753-759.
https://doi.org/10.4103/idoj.IDOJ_648 19

AZavhra, H., Maryam, A., Amirhooshang, E., Pedram, N., Fatemeh, G., Mohammad, B., & Javad, J.S. (2011).

Qeios ID: JEB1EQ.2 - https://doi.org/10.32388/JE31EO.2 17/21



Q Qeios, CC-BY 4.0 - Article, May 9, 2024

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Prevalence of anti-gliadin antibody and patients with alopecia areata: A case control study Tehran University Medical
Journal, 68(12):738-742 https.//core.ac.uk/display/26848935

" Zhang JZ, Abudoureyimu D, Wang M, Yu SR, Kang XJ. Association between celiac disease and vitiligo: A review of
the literature. World J Clin Cases. 2021 Dec 6;9(34):10430-10437. https://doi..org/10.12998/wjcc.v9.i34.10430
"Miranda M, Avila |, Esparza J, Shwartz Y, Hsu YC, Berdeaux R, et al. Defining a Role for G-Protein Coupled
Receptor/cAMP/CRE-Binding Protein Signaling in Hair Follicle Stem Cell Activation. J Invest Dermatol. 2022
Jan;142(1):53-64.e3. https.//doi.org/10.1016/}.jid.2021.05.031

a.bCarlson JA, Linette GP, Aplin A, Ng B, Slominski A. Melanocyte receptors: clinical implications and therapeutic
relevance. Dermatol Clin. 2007 Oct;25(4):541-57, viii-ix. https://doi.org/10.1016%2Fj.det.2007.06.005

a.b, ¢. dgwidergall, M., LeibundGut-Landmann, S. Immunosurveillance of Candida albicans commensalism by the
adaptive immune system.Mucosal Immunol 15, 829-836 (2022). https://doi.org/10.1038/541385-022-00536-5

a,b. ¢ Sendid B, Cornu M, Cordier C, Bouckaert J, Colombel JF, Poulain D. From ASCA breakthrough in Crohn's
disease and Candida albicans research to thirty years of investigations about their meaning in human health.
Autoimmun Rev. 2024 Feb;23(2):103486. https.//doi.org/10.1016/j.autrev.2023.103486

a0, ¢ Walshe M, Nayeri S, Ji J, Hernandez-Rocha C, Sabic K, Hu L, et al. A Role for CXCR3 Ligands as Biomarkers of
Post-Operative Crohn's Disease Recurrence. J Crohns Colitis. 2022 Jul 14;16(6):900-910.
https.//doi.org/10.1093/ecco-jcc/jjab186

a.b.¢Carchman E. Crohn's Disease and the Risk of Cancer. Clin Colon Rectal Surg. 2019 Jul;32(4):305-313.
https://doi.org/10.1055/s-0039-1683923

a.b.CWang X, Zhang Y, Wang S, Ni H, Zhao P, Chen G, et al. The role of CXCR3 and its ligands in cancer. Front
Oncol. 2022 Nov 21;12:1022688. https.//doi.org/10.3389/fonc.2022.1022688

a,b,CTesch F, Ehm F, Vivirito A, Wende D, Batram M, Loser F, et al. Incident autoimmune diseases in association with
SARS-CoV-2 infection: a matched cohort study. Clin Rheumatol. 2023 Oct;42(10):2905-2914.
https://doi.org/10.1007/s10067-023-06670-0

a0, ¢ Farooq H, Aemaz Ur Rehman M, Asmar A, Asif S, Mushtaq A, Qureshi MA. The pathogenesis of COVID-19-
induced IgA nephropathy and IgA vasculitis: A systematic review. J Taibah Univ Med Sci. 2022 Feb;17(1):1-13.
https://doi..org/10.1016/].jtumed.2021.08.012

a0, ¢ Gracia-Ramos AE, Martin-Nares E, Herndndez-Molina G. New Onset of Autoimmune Diseases Following COVID-
19 Diagnosis. Cells. 2021; 10(12):3592. https.//doi.org/10.3390/cells10123592

a.b.cSachdeva M, Mufti A, Maliyar K, Lara-Corrales I, Salcido R, Sibbald C. A Review of COVID-19 Chilblains-like
Lesions and Their Differential Diagnoses. Adv Skin Wound Care. 2021 Jul 1,;34(7):348-354.
https://doi.org/10.1097/01.ASW.0000752692.72055

ab. cpitls JL, Taylor LM Jr, Porter JM. Buerger's disease in the modern era. Am J Surg. 1987 Jul;154(1):123-9.
https://doi.org/10.1016/0002-9610(87)90301-1

a.b.¢5ong Y, Huang X, Yu G, Qiao J, Cheng J, Wu J, Chen J. Pathogenesis of IgA Vasculitis: An Up-To-Date Review.
Front Immunol. 2021 Nov 9;12:771619. https.//doi.org/10.3389/fimmu.2021.771619

ab.crjy y, Ebinger, J.E., Mostafa, R. et al. Paradoxical sex-specific patterns of autoantibody response to SARS-CoV-

Qeios ID: JEB1EQ.2 - https://doi.org/10.32388/JE31EO.2 18/21



Q Qeios, CC-BY 4.0 - Article, May 9, 2024

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

2 infection. J Transl Med 19, 524 (2021). https://doi.org/10.1186/5s12967-021-03184-8

a,b, ¢, dFerreira-Gomes, M., Kruglov, A., Durek, P. et al. SARS-CoV-2 in severe COVID-19 induces a TGF-B-dominated
chronic immune response that does not target itself. Nat Commun 12, 1961 (2021). https.//doi.org/10.1038/541467-
021-22210-3

a.b.¢pubey RK, Jackson EK, Keller PJ, Imthurn B, Rosselli M. Estradiol metabolites inhibit endothelin synthesis by an
estrogen receptor-independent mechanism. Hypertension. 2001 Feb;37(2 Pt 2):640-4.
https://doi.org/10.1161/01.hyp.37.2.640

a.b,¢Corouge M, Loridant S, Fradin C, Salleron J, Damiens S, Moragues MD, et al. Humoral immunity links Candida
albicans infection and celiac disease. PLoS One. 2015 Mar 20;10(3):e0121776.
https://doi.org/10.1371/journal.pone.0121776

a0, ¢ Al-Janabi AAHS, Mohammed MJ. Correlation of Celiac Diseases with Candida Spp. Based on Anti-gliadin
Antibodies. Kurume Med J. 2023 Jul 3,68(2):63-68. https.//doi.org/10.2739/kurumemed|.MS682018)

a0, ¢Renga G, Bellet MM, Stincardini C, Pariano M, Oikonomou V, Villella VR, et al. To Be or Not to Be a Pathogen:
Candida albicans and Celiac Disease. Front Immunol. 2019 Dec 5,10:2844. https.//doi.org/10.3389/fimmu.2019.02844
a.b,¢Sendid B, Cao C, Colombel JF, Poulain D. Coincidence of antibodies against Hwp1 and ASCA, two distinct
molecular targets of Candida albicans, reinforces the link between this fungal species and coeliac disease. Virulence.
2024 Dec;15(1):2334085. https://doi.org/10.1080/21505594.2024.2334085

a,b, ¢ Apjgail, E., & Haytham, E. (2018). Assessment of the relevance of intestinal Zonulin test for inflammatory
conditions in an integrated clinical setting. https.//irp-
cdn.multiscreensite.com/f1335a5c/files/uploaded/Zonulin%20Audit%20Article %2004:18.pdf

a.b.CKenny G, Townsend L, Savinelli S, Mallon PWG. Long COVID: Clinical characteristics, proposed pathogenesis
and potential therapeutic targets. Front Mol Biosci. 2023 Apr 26;10:1157651.
https.//doi.org/10.3389/fmolb.2023.1157651.

a.b.cGijron, L. B., Peluso, M. J., Ding, J., Kenny, G., Zilberstein, N. F., Koshy, J., et al. (2022). Markers of fungal
translocation are elevated during post-acute sequelae of SARS-CoV-2 and induce NF-«kB signaling. JCI Insight 7 (15),
164813 https://doi.org/10.1172/jci.insight. 160989

ab.Ccywy, v, Du, S., Johnson, J.L. et al. Microglia and amyloid precursor protein coordinate control of transient
Candida cerebritis with memory deficits. Nat Commun 10, 58 (2019). https://doi.org/10.1038/s41467-018-07991-4

b, CWallukat G, Wernike K, Bachamanda Somesh D, Mettenleiter TC, Miiller J. Animals Experimentally Infected with
SARS-CoV-2 Generate Functional Autoantibodies against G-Protein-Coupled Receptors. Biomedicines. 2023;
11(10):2668. https://doi.org/10.3390/biomedicines11102668

a,b. ¢ pajakkott AR, Alneyadi A, Muhammad K, Eid AH, Amiri KMA, Akli Ayoub M, Iratni R. The SARS-CoV-2 Spike
Protein Activates the Epidermal Growth Factor Receptor-Mediated Signaling. Vaccines (Basel). 2023 Mar
30;11(4):768. https.//doi.org/10.3390/vaccines11040768

ab.¢Azam S, Haque ME, Jakaria M, Jo SH, Kim IS, Choi DK. G-Protein-Coupled Receptors in CNS: A Potential
Therapeutic Target for Intervention in Neurodegenerative Disorders and Associated Cognitive Deficits. Cells. 2020 Feb

23;9(2):506. https.//doi.org/10.3390/cells9020506

Qeios ID: JEB1EQ.2 - https://doi.org/10.32388/JE31EO.2 19/21



Q Qeios, CC-BY 4.0 - Article, May 9, 2024

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

a,b,¢.dy/eres-Székely A, Szdsz C, Pap D, Szebeni B, Bokrossy P, Vannay A. Zonulin as a Potential Therapeutic
Target in Microbiota-Gut-Brain Axis Disorders: Encouraging Results and Emerging Questions. Int J Mol Sci. 2023 Apr
19;24(8):7548. https://doi.org/10.3390/ijms24087548

a.b.¢Zhang Y, Yan R, Zhou Q. ACE2, BOAT1, and SARS-CoV-2 spike protein: Structural and functional implications.
Curr Opin Struct Biol. 2022 Jun;74:102388. https.//doi.org/10.1016/j.sbi.2022.102388

a0, SKaur G, Ji X, Rahman I. SARS-CoV2 Infection Alters Tryptophan Catabolism and Phospholipid Metabolism.
Metabolites. 2021 Sep 28;11(10):659. https.//doi.org/10.3390/metabo11100659

a0, CEroglu i, Eroglu BC, Giiven GS. Altered tryptophan absorption and metabolism could underlie long-term
symptoms in survivors of coronavirus disease 2019 (COVID-19). Nutrition. 2021 Oct;90:111308.
https://doi.org/10.1016/.nut.2021.111308

a0, ¢ Al-Hakeim HK, Khairi Abed A, Rouf Moustafa S, Aimulla AF, Maes M. Tryptophan catabolites, inflammation, and
insulin resistance as determinants of chronic fatigue syndrome and affective symptoms in long COVID. Front Mol
Neurosci. 2023 Jun 2;16:1194769. https.://doi.org/10.3389/fnmol.2023.1194769

a0, ¢ Shirey KA, Jung JY, Maeder GS, Carlin JM. Upregulation of IFN-gamma receptor expression by proinflammatory
cytokines influences IDO activation in epithelial cells. J Interferon Cytokine Res. 2006 Jan;26(1):53-62.
https://doi.org/10.1089/jir.2006.26.53

a,b. c. dstrober W, Kelsall B, Fuss I, Marth T, Ludviksson B, Ehrhardt R, Neurath M. Reciprocal IFN-gamma and TGF-
beta responses regulate the occurrence of mucosal inflammation. Immunol Today. 1997 Feb;18(2):61-4.
https://doi.org/10.1016/s0167-5699(97)01000-1

a,b. ¢.d. eGauthier T, Chen W. IFN-y and TGF-B, Crucial Players in Inmune Responses: A Tribute to Howard Young. J
Interferon Cytokine Res. 2022 Dec;42(12):643-654. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9917322/
a.b.¢.dBozza, S, Fallarino, F, Pitzurra, L, Zelante, T, Montagnoli, C, Bellocchio, S, et al; A Crucial Role for Tryptophan
Catabolism at the Host/Candida albicans Interface. J Immunol 1 March 2005; 174 (5): 2910-2918.
https://doi.org/10.4049/jimmunol. 174.5.2910

a,b, ¢ Siddiqui MT, Cresci GAM. The Immunomodulatory Functions of Butyrate. J Inflamm Res. 2021 Nov 18;14:6025-
6041. https://doi.org/10.2147/JIR.S300989

a.b,CKherad Z, Yazdanpanah S, Saadat F, Pakshir K, Zomorodian K. Vitamin D3: A promising antifungal and
antibiofilm agent against Candida species. Curr Med Mycol. 2023 Jun;9(2):17-22.
https://7pubmed.ncbi.nim.nih.gov/38375518/

a.b,CKorkmaz, H., Sirin, F.B. & Torus, B. Could there be a role of serum zonulin increase in the development of
hypercalcemia in primary hyperparathyroidism. Endocrine 72, 234-238 (2021). https://doi.org/10.1007/s12020-020-
02504-0

a.b,CHans S, Fatima Z, Ahmad A, Hameed S. Magnesium impairs Candida albicans immune evasion by reduced
hyphal damage, enhanced B-glucan exposure and altered vacuole homeostasis. PLoS One. 2022 Jul
14;17(7):e0270676. https://doi.org/10.1371/journal.pone.0270676

a0, ¢ Walkon LL, Strubbe-Rivera JO, Bazil JN. Calcium Overload and Mitochondrial Metabolism. Biomolecules. 2022
Dec 17;12(12):1891. https.//doi.org/10.3390/biom12121891.

Qeios ID: JEB1EQ.2 - https://doi.org/10.32388/JE31EO.2 20/21



Q Qeios, CC-BY 4.0 - Article, May 9, 2024

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

a.b. ¢ pominguez LJ, Veronese N, Barbagallo M. Magnesium and the Hallmarks of Aging. Nutrients. 2024 Feb
9;16(4):496. https./doi.org/10.3390/nu16040496)

a0, ¢ Jaana van Gastel, Hanne Leysen, Jan Boddaert, Laura vangenechten, Louis M. Luttrell, Bronwen Martin, et al.
Aging-related modifications to G protein-coupled receptor signaling diversity, Pharmacology& Therapeutics (2021) v
223, 107793 https://doi.org/10.1016/j.pharmthera.2020.107793

a0, CKim HJ, Kim H, Lee JH, Hwangbo C. Toll-like receptor 4 (TLR4): new insight immune and aging. Immun Ageing.
2023 Nov 24,20(1):67. https.//doi.org/10.1186/s12979-023-00383-3

a.b.CKaushal, A., Noor, R. Association of Gut Microbiota with Inflammatory Bowel Disease and COVID-19 Severity: A
Possible Outcome of the Altered Immune Response. Curr Microbiol 79, 184 (2022). https.//doi.org/10.1007/s00284-
022-02877-7

ab.cjy W, ShiLJ, Li SG. The Immunomodulatory Effect of Alpha-Lipoic Acid in Autoimmune Diseases. Biomed Res
Int. 2019 Mar 20;2019:8086257. https://doi.org/10.1155/2019/8086257

a.b. cChambers, P. (2024). Staunch the Age Related Decline into Dementia, Cancer, Autoimmunity (Long Covid),
Obesity, and Other Diseases with a Prebiotic, Probiotic, Postbiotic Triple Play. Qeios.
https://doi.org/10.32388/X0TQ1D.6

a,b, ®Nguyen, LN, Lopes, LCL, Radames, JBC, Nosanchuk, JD. Sodium butyrate inhibits pathogenic yeast growth and
enhances the functions of macrophages, Journal of Antimicrobial Chemotherapy, Volume 66, Issue 11, November
2011, pp 2573-80, https://doi.org/10.1093/jac/dkr358

a.b.¢Souza PB, de Araujo Borba L, Castro de Jesus L, Valverde AP, Gil-Mohapel J, Rodrigues ALS. Major Depressive
Disorder and Gut Microbiota: Role of Physical Exercise. Int J Mol Sci. 2023 Nov 28;24(23):16870.
https://doi.org/10.3390/jjms242316870

abyy m, Song XT, Liu B, Luan TT, Liao SL, Zhao ZT. The Emerging Role of Mast Cells in Response to Fungal
Infection. Front Immunol. 2021 Jun 3;12:688659. https.//doi.org/10.3389/fimmu.2021.688659

a.bAdams, DR, Fang, E, Vogel, SN, Fasano, A. (2011) Structural And Functional Relationship Between Zonulin And
The Mucosal Mast Cells-Derived Mast Cell Protease I, Univ of Maryland, Baltimore

https:/7archive.hshsl.umaryland.edu/handle/10713/2938

Qeios ID: JEB1EQ.2 - https://doi.org/10.32388/JE31EO.2 21/21



	Candida and Long Covid
	Abstract
	1. Introduction
	2. Zonulin and Increased Permeability
	A. Autoimmune Disease
	B. Dementia
	C. Cancer
	D. Other Diseases

	3. Celiac Disease and Crohn’s Disease
	A. Celiac Disease
	B. Crohn’s Disease

	4. Candida
	A. Gender
	B. Epitopes and GPCRs

	5. LC and Autoimmune diseases
	A. The Candida Connection
	B. Spike S and TLR4

	6. IFN-γ and Tryptophan
	7. Summary
	8. Conclusion
	References from Figure 6
	References


