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Learning Objectives

What is the gut 
microbiome and how 

does it affect/influence 
and even cause pain 

disorders?

Diagnostic tests used 
to evaluate dysbiosis 

and increased 
intestinal permeability

Treatment options for 
dysbiosis and 

increased intestinal 
permeability



“All Disease Begins in 
the Gut” - Hippocrates

• In recent years, there has been an explosion 

of scientific research regarding the 

intestinal microbiome 

• Research has found that intestinal dysbiosis 

is linked to the pathogenesis of several 

systemic autoimmune and inflammatory 

disorders



So What is the Gut Microbiome?

• It is a collection of microorganisms (protozoans, archea, bacteria, fungi, viruses) that 
inhabit our gastrointestinal tract

• Over 100 trillion microbes which is 100 times as many genes in the human genome

• The complexity and diversity of our gut microbiome is established very early in life

• Caesarian vs vaginal birth

• Breast feeding vs formula, weaning, diet, antibiotic medication, infections and stress

• Evidence that colonization begins in utero

• Composition of the gut microbiome can influence fetal and neonatal neurological 
development



Importance of the Gut Microbiome

• The health of our gut microbiome is essential for development, immunity, mental wellness, 

and pain conditions

- 95% of serotonin production occurs in the gut

- Aid in the biosynthesis of vitamins, essential amino acids, and the generation of important metabolic 

byproducts

- Healthy microbiome produces short chain fatty acids, such as butyrate, which serve as energy to our 

enterocytes

- Modulates cytokine production

- A healthy gut microbiome supports tight junction integrity between enterocytes 



Intestinal Dysbiosis

• Dysbiosis refers to a deviation from a 
“healthy” microbiome in terms of 
functionality and diversity

• Leads to a dysfunction or loss of 
balance in the microbiome

• Causes increased permeability of the 
intestinal wall (aka “leaky gut 
syndrome’)



Increased Intestinal 
Permeability aka 
“Leaky Gut”

• The intestinal epithelium has an important role 
in tissue homeostasis

• Serves as a physical and biochemical barrier 
against pathogenic and commensal 
microorganisms (as well as food)

• Tight junctions form between intestinal 
epithelial cells and regulate the movement of 
water, ions, and solutes

• Normally, these tight junctions also block the 
passage of bacteria, toxins, and pathogens

• When the integrity of these tight junctions are 
compromised, there is an increase in 
permeability, leading to a “leaky gut” 
phenomenon

• Increased intestinal permeability has been 
linked to several diseases including IBD, 
diabetes, Rheumatoid Arthritis, Ankylosing 
Spondylitis, fibromyalgia, cardiovascular 
disease, and more.



Altered Intestinal Microbiota in Ankylosing 
Spondylitis

• There is an altered microbial composition in those with AS in comparison to healthy 

controls

• Several bacterial suspects including Salmonella, Shigella, Yersinia, Campylobacter, and 

Klebsiella pneumoniae

• There is also increased intestinal permeability in AS patients and their first degree 

relatives

• Hypothesis: the increase in intestinal permeability, increases the translocation of 

intestinal microbes into systemic circulation, causing an immune reaction

• Serum of AS patients demonstrates high levels of lipopolysaccharide (bacterial endotoxin)



Ankylosing Spondylitis and Intestinal 
Dysbiosis

• AS patients have fecal samples with increased levels of sulphate-reducing bacteria

• Higher levels of hydrogen sulfide are found in the intestinal lumen of AS patients (rotten egg smell)

• Butyrate, a short chain fatty acid, has also been implicated in AS pathogenesis

• Short chain fatty acids play an important role in regulating inflammation (decreasing inflammatory cytokines 

and increasing anti-inflammatory mediators), maintaining mucosal integrity and providing energy to our 

intestinal cells

• In AS patients, they have reduced levels of butyrate and reduced levels of bacterial species that produce short 

chain fatty acids

• Mycobiota Dysbiosis

• Strong correlation between serum CRP levels and fungal microbiota in AS patients

• Patients with level III and IV damage to their spines on x-ray had a different fungal microbiota structure than 

healthy controls and level II damage 



• Low back pain is leading cause of disability
• Three potential mechanisms for which the gut microbiome 

can cause and induce intervertebral disc degeneration:
1. Bacteria translocation across the gut epithelial barrier 

and into the IVD (Leaky gut)
2. Regulation of mucosal and systemic immune system
3. Regulating nutrient absorption

• Another study found that the microbiome composition of 
healthy IVDs differed from degenerated IVDs
• ”Bad” bacteria such as Pseudomonas veronii, 

Pseudomonas stutzeri, and Streptococcus anginosus
were found in higher abundance in degenerated and 
herniated IVDs

• Firmicutes, Actinobacteria, and Saccharopolyspora
were found in normal IVD and were related to healthy 
intestinal barrier function



Back Pain, Obesity, and Altered Gut Microbiota

Composition of the gut microbiota differs between 
individuals with self-reported back pain and those 
without back pain

The genus Adlercreutzia was especially 
higher in individuals with back pain and was 
positively correlated with BMI, 
inflammation, and higher serum adipsin
and leptin concentrations



Gut Microbiome and 
Fibromyalgia

•Association between the abundance of different microbes and 
the severity of FM symptoms – pain intensity, pain distribution, 
fatigue, sleep disturbances, and cognitive symptoms

• F. prausnitzii – one of the most abundant species in the gut

• Depleted in FM patients

• Important role in producing butyrate

• Exerts antinociceptive and anti-inflammatory effects within 
the gut

• B. uniformis and P. copri species were also depleted

• Species also have an altered abundance in inflammatory 
arthritis

• P. copri is believed to mediate the inflammatory response 
through Th17 activation

•Implications:

• May be able to diagnosis FM patients by examining the 
composition of the microbiome



Chemotherapy, Peripheral Neuropathy, and 
the Gut Microbiome

Peripheral neuropathy is a toxic side effect of chemotherapy

• Increases intestinal permeability aka "leaky gut"

A complete absence of microbiota in germ free mice and reduction in microbial load by 
antibiotic administration had protective effects on oxaliplatin induced mechanical 
hyperalgesia

• LPS (toxic byproduct of some microbes) reversed this by causing the release of pro-inflammatory mediators 
enhancing oxaliplatin induced peripheral neuropathy

Paclitaxel reduced the beneficial bacteria Akkermansia muciniphila (protects the gut 
barrier) → microglia infiltration of the spinal cord leading to neuropathic pain



Gut Microbiome, Joint 
Pain, and Inflammation

• Significant association was found between increased 
Streptococcus spp. abundance and increased knee 
pain and inflammation

• Streptococcus spp. has also been linked to 
osteomyelitis, rheumatic fever, and post-strep reactive 
arthritis

• Increased Streptococcus in the gut releases 
endotoxins

• These endotoxins activate macrophages, causing 
local joint inflammation and pain

• Increase in Streptococcus was associated with more 
effusion in the knee joints



Complex Regional Pain 
Syndrome and the Gut 
Microbiome

• CRPS is an extreme neuropathic pain 
condition that usually occurs following a 
stressful event such as surgery or trauma

• Exaggerated inflammatory 
response leading to redness, 
swelling, temperature changes →
central sensitization

• Several case reports of patients with CRPS 
recovering after antibiotic treatment for an 
unrelated condition → suggests a gut 
dysbiosis link

• One study found that CRPS patients had 
significantly less GI microbial diversity 
than their healthy counterparts

• Increased levels of Proteobacteria and 
decreased levels of Firmicutes 

• Proteobacteria are gram-negative and their cell 
wall is composed of lipopolysaccharides which 
promotes inflammation



Diagnostic Tools for Dysbiosis and 
Increased Intestinal Permeability

• A number of tests can help identify signs of leaky gut and dysbiosis, but there is no 

gold standard

1. Lactulose/mannitol test

2. Hydrogen Methane Breath Test

3. IgG Food Sensitivity Test

4. Comprehensive Stool Analysis

5. Zonulin Blood Test

6. Organic Acid Test

7. LPS, Occludin, Zonulin, Actomyosin Protein Antibody Testing



Lactulose and 
Mannitol Test

• Consume 2 types of non-

metabolized sugar, one with large 

molecules (lactulose) and one with 

small molecules (mannitol)

• Analyze the urine to see which 

sugars pass through the body

• If lactulose is in urine, the gut may 

be considered overly permeable



Zonulin Blood Test

Zonulin is what controls the size of the openings in your intestinal 
epithelium

Small openings are needed to transport nutrients into our blood 
stream

Abnormal high levels of zonulin can cause too large of openings in 
our intestinal epithelium

Zonulin levels rise because of gluten, parasites, harmful bacteria, 
and yeast overgrowth

ELISA serum levels of zonulin can serve as a biomarker for how 
much intestinal permeability is present



Comprehensive Stool Analysis

• A stool test can measure how well your digestive system is performing

• Allows a practitioner to see if the body is producing enough digestive enzymes to break down 

proteins, carbs, and fats

• It examines bacteria, yeast, viruses, and parasites

• It looks at the state of intestinal immune function, intestinal health, and 

inflammation markers

• Several companies offer this test: Genova Diagnostics, Great Plains Laboratory, 

Vibrant Wellness, Doctor’s Data, etc.



Gut Zoomer by Vibrant 
Wellness

• Sample Report

• Detects over 300 microorganisms

• 67 pathogenic bacteria

• 24 intestinal parasites

• 8 viruses

• 5 fungal or yeast species

• 5 worm species

• 6 antibiotic resistance genes 
measured

• Measures digestive status:

• Ex: bile acids, calprotectin, 
pancreatic elastase 1, butyric acid, 
total SCFAs, and more

• Includes dietary and natural 
supplement recommendations 
including prebiotics, probiotics, and 
polyphenols

https://www.vibrant-wellness.com/wp-content/uploads/2020/02/MK-0027-0-Gut-Zoomer-3.0-Sample-Report.pdf


Hydrogen 
Methane Breath 
Test

Bacteria give off methane and hydrogen (gases are a 
byproduct of saccharide fermentation by gut 
microorganisms) which you can expel in your breath

Presence of these gases can indicate an overgrowth 
of bacteria in the small intestine Patient drinks a 
small amount of sugar (lactulose, glucose, lactose, 
sucrose, and fructose) and then blow air into a bag at 
designated times for 3 hours

Can also be used to determine sugar malabsorption 



Intestinal Antigenic 
Permeability Screen

• Cyrex Laboratories

• Measures intestinal permeability to 

large molecules, which can inflame 

the immune system

• Actomysin IgA, Lipopolysaccharides 

(LPS) IgA & IgM & IgG, 

Occludin/Zonuline IgA & IgG & IgM



IgG Food Sensitivity 
Test

• When particles and toxins enter the 
bloodstream that normally shouldn’t 
(due to increased intestinal 
permeability) the immune system 
will go into “overdrive”

• This test looks for levels of 
antibodies against certain foods

• Most common: cow’s milk, egg 
yolk, casein, and chocolate

• Most tests also check for candida 
albicans

• Serum or blood spot test

• Several Companies: Great Plains 
Laboratory, US Biotek, Vibrant 
Wellness, Ayumetrix, Genova, and 
many more



Organic Acid Test

• Measures organic acids in urine that are 
the byproduct of cellular metabolism

• Evaluates intestinal microbial and yeast 
overgrowth, detoxification, mitochondrial 
markers, neurotransmitter metabolism, 
glutathione status, fatty acid metabolism, 
and inborn errors of metabolism

• Vibrant Wellness, Great Plains Laboratory, 
Genova Diagnostics

• Sample Report

https://static1.squarespace.com/static/560ac814e4b067a33438ecea/t/61af8f873773ff6c2da17744/1638895496116/9900001_Sample_OATV4_ENG.pdf


Treatment for Dysbiosis and Intestinal 
Permeability

Antibiotics Herbs Probiotics 

Supplements



Antibiotics

• Rifaximin is the preferred choice

• Expensive – not covered by many 
commercial insurances

• Doses of the antibiotics vary by source



Downsides of 
using antibiotics 
for dysbiosis 
treatment

Relapse and retreatment are common

Some cases require long term antibiotic use

• Long term use can result in the development of allergic 
conditions such as asthma, food allergies, and obesity

Antibiotic resistance

Can increase intestinal inflammation

Antibiotics can’t break through microbial biofilms 
contributing to the relapse in patient’s symptoms



• Study compared 4 weeks of Rifaximin 1200 mg daily vs herbal therapy
• Herbal therapies are as effective as Rifaximin for resolution of SIBO

• Herbal therapies normalized hydrogen breath testing in patients 46% of the time 
while Rifaximin was 34%

• Herbal therapies are as effective as triple antibiotic therapy for SIBO rescue therapy 
for rifaximin non-responders

• Patients are increasingly turning to complementary and alternative medicine options 
for symptom relief and disease management



Herbal therapies used in previous study



What are Biofilms? • Planktonic form = bacteria, fungi, and 
parasites exist as a single cell

• However, most microbes do not exist as a 
single cell but form communities called 
biofilms

• To form a biofilm, bacteria adhere to a 
surface then develop a polysaccharide 
matrix

• This matrix uses calcium, magnesium, 
iron, or whatever minerals are available

• Within this biofilm, bacteria, fungi, and 
parasites share nutrients and DNA and 
undergo changes to evade the immune 
system

• The biofilm also protects these microbes 
from antibiotics

• The NIH reports that more than 80% of 
human bacterial infections are associated 
with a biofilm



Biofilm Disruptors

• Klaire Labs Interfase Plus

• Kirkman Biofilm Defense

• Cellcore CT Zyme

• Biocidin Botanicals Biocidin



Biocidin
• Supports Microbial Balance

• Gets rid of unwanted organisms and 
selectively enhances beneficial 
microorganisms

• Black walnut, garlic, golden seal, lavender, 
oregano, fumitory, noni, and bilberry 
provide the broad-spectrum activity

• Disrupts biofilms

• Inhibits quorum sensing

• Inhibits the initial attachment phase

• Inhibits swarming motility

• Disrupts the microbial lipid bi-layer

• Inhibits the efflux pumps (mechanism 
for resistance and biofilm production)

• Supports a healthy immune and 
inflammatory response

• Antioxidant activity – neutralizes free 
radicals



Biocidin Dosage

• Begin with 1 drop daily on an 

empty stomach – 20-30 min prior to 

meal or 2 hours after meal

• Gradually increase up to 5 drops 

TID

• Children can use 1 drop per 10 lbs

body weight, divided into 2 

servings



Other herbal antimicrobials

• Biotics Research Dysbiocide and 

FC-Cidal

• FC-Cidal 1 capsule BID

• Dysbiocide 2 capsules BID

• Metagenics CandiBactin BR and AR

• Candibactin AR 1 capsules TID before 

meals

• Candibactin BR 2 capsules BID

• Treat for 4-6 weeks 



Spore Based Probiotics
• Sporebiotics are soil based 

probiotics

• Found in nature on fruits, roots, 
and tubers

• Highly resistant to heat, stable 
over a wide range of pHs, 
resistant to stomach acid, bile 
acids, and digestive enzymes

• Unlike most probiotics, 100% of 
spore-based probiotics reach 
the large intestine alive

• In the large intestine, they 
transform into their active form 
and begin colonizing the gut



Spore Based Probiotics

• Sporebiotics recondition the gut by increasing 
microbial diversity and promoting the growth of 
healthy bacteria

• Sporebiotics stay in the gut for 21-28 days where they 
use quorum sensing → they can target and kill harmful 
bacteria while producing metabolites that encourage 
the growth of beneficial bacteria

• Start with ½ capsule for one week, then increase to 1 
capsule daily for one week, then increase to 2 
capsules daily for 4-6 weeks

• Take with food



Healing the 
Intestinal Lining

• L-glutamine

• Collagen

• Zinc Carnosine

• Omega 3 fatty acids

• Butyrate

• Licorice root

• Aloe Vera

• Slippery Elm

• Phospholipids

• Colostrum



Butyrate
• Decreases mucosal inflammation

• Reinforces the intestinal epithelium

• Improves leaky gut and keeps 
bacteria and food from entering the 
blood stream

• Improves mitochondrial function

• Improves enzymatic activity and 
motility

• Growing number of studies have 
also shown that butyrate prevents 
and inhibits colorectal cancer

• Supports healthy yeast levels

• Promotes healthier blood sugar 
levels



MegaMucosa

• Supports healthy mucosal barrier

• Contains dairy free immunoglobulins which 
support a healthy immune response, healthy 
digestion, neutralize environmental toxins, and 
rebuilds the intestinal lining

• IgG antibodies reduce the damage from 
metabolic endotoxemia and neutralize LPS

• Contains a natural citrus extract that increases 
microbial diversity and improves gut barrier 
function

• Clinical study shows that 500 mg of citrus fruit 
extract increased SCFAs and reduced fecal 
calprotectin



Phosphatidylcholine

• Decreases gut inflammation

• Increases mucosal barrier

• Promotes a healthy gut microbiome

• Increases nutrient absorption

• Promotes detox of pathogens that 

are causing gut issues

• In LPS exposed mice, 

phosphatidylcholine lessened the 

abnormal behavior caused by LPS, 

gut barrier improved, increased 

short chain fatty acids → decreased 

brain inflammation

• Heals cell membranes and improves 

mitochondrial health



Summary

• Intestinal dysbiosis contributes to increased intestinal permeability and is linked to 

several autoimmune and inflammatory conditions

• There is no gold standard to diagnose “leaky gut” or intestinal dysbiosis but there are 

several tests that can help confirm your suspicions and help determine treatment

• Treatment can include antibiotics and/or antimicrobial herbs

• Biofilms are present in many bacteria infections so use of a biofilm buster can help with 

cases that are difficult to treat or resistant to initial treatment

• After treating the dysbiosis, use of different supplements can help heal the intestinal 

epithelium
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