
Summary of Nutrients Produced or Processed:

These bacteria thrive when we consume a diet rich in fiber, prebiotics (e.g., inulin, resistant 
starch), and fermented foods. Supporting these beneficial bacteria can promote better digestion, 
reduce inflammation, and improve overall health.

The surface area of the intestinal lining in an adult man is remarkably large due to the folds, villi, 
and microvilli that increase its absorptive capacity. Here's a breakdown:

1. Small Intestine:

◦ The small intestine accounts for the majority of the surface area.
◦ It includes structures like:

▪ Circular folds (plicae circulares)
▪ Villi (finger-like projections)
▪ Microvilli (microscopic projections on epithelial cells forming the brush 

border)
◦ Surface Area Estimate: Around 200–250 square meters (2,150–2,700 square 

feet), roughly the size of a tennis court.
2. Large Intestine:

◦ The large intestine has a smaller surface area compared to the small intestine as it 
lacks villi.

◦ Its surface area is estimated to be around 1–2 square meters (10–21 square feet).
Total Intestinal Surface Area:

The total surface area of the intestinal lining is around 200–300 square meters when accounting 
for the small and large intestines combined.

Important Note:

Nutrient Produced by 
Bacteria

SCFAs (butyrate, acetate, 
propionate)

Bifidobacteria, 
Faecalibacterium, 
Roseburia, 
Clostridium

B vitamins (B1, B2, B9, B12) Bifidobacteria, E. 
coli

Vitamin K2 Lactobacilli, E. coli

Amino acids Various gut 
bacteria

Lactic acid Lactobacilli



Older estimates claimed the total surface area was as large as 400–600 square meters, but 
modern research using more advanced imaging techniques revised this figure downward to the 
range above. The large surface area is crucial for nutrient absorption and digestion efficiency.

You're welcome! Here’s a table summarizing some notable harmful bacteria species that can 
inhabit the human microbiome and the toxins they produce, along with their effects:

Bacteria Species Toxins Produced Effects on the 
Host

Common Location

Clostridium difficile - TcdA (Toxin A) Damages intestinal 
lining, causes 
inflammation, leads 
to diarrhea and 
colitis.

Colon

- TcdB (Toxin B) More potent; 
disrupts 
cytoskeletal 
structure and 
causes cell death.

Escherichia coli 
(pathogenic strains)

- Shiga toxin 
(STX)

Causes severe 
diarrhea, kidney 
damage (HUS in 
some cases).

Gut 
(Enterohemorrhagi
c strains like 
EHEC)

- Heat-labile toxin 
(LT)

Causes watery 
diarrhea by 
increasing cAMP 
levels.

- Heat-stable toxin 
(ST)

Causes diarrhea by 
increasing cGMP 
levels.

Helicobacter pylori - VacA 
(Vacuolating 
cytotoxin)

Creates vacuoles in 
host cells, leading 
to cell damage and 
ulcers.

Stomach

- CagA 
(Cytotoxin-
associated gene A)

Alters host cell 
signaling, 
associated with 
gastric cancer.

Staphylococcus aureus - Alpha toxin Forms pores in host 
cell membranes, 
leading to cell 
death.

Skin, nasal 
passages



- Enterotoxins 
(e.g., SEA, SEB)

Cause food 
poisoning, 
triggering vomiting 
and diarrhea.

- Toxic shock 
syndrome toxin 
(TSST-1)

Causes toxic shock 
syndrome, leading 
to systemic 
inflammation.

Salmonella enterica - Endotoxin (LPS) Triggers strong 
immune response, 
leading to fever and 
inflammation.

Gut (after ingestion 
of contaminated 
food)

- Spirochetal 
toxins

Help in invasion 
and systemic 
infection.

Vibrio cholerae - Cholera toxin 
(CTX)

Causes massive 
water loss in 
intestines, leading 
to severe diarrhea 
(cholera).

Gut (contaminated 
water/food)

Bacteroides fragilis - Bacteroides 
fragilis toxin 
(BFT)

Causes colonic 
inflammation and is 
linked to colorectal 
cancer.

Colon

Campylobacter jejuni - Cytolethal 
distending toxin 
(CDT)

Causes DNA 
damage in host 
cells, leading to 
inflammation and 
diarrhea.

Gut (after ingestion 
of contaminated 
food)

Pseudomonas aeruginosa - Exotoxin A Inhibits protein 
synthesis, leading 
to tissue damage.

Skin, lungs 
(infections in 
immunocompromis
ed hosts)

- Elastase Breaks down 
elastin and 
damages 
connective tissue.

Shigella species - Shiga toxin Causes cell death in 
the colon, leading 
to bloody diarrhea 
(dysentery).

Colon

Klebsiella pneumoniae - Endotoxin (LPS) Promotes 
inflammation, 
contributing to 
respiratory and 
urinary infections.

Lungs, urinary tract



Key Notes:

1. Toxins and Disease:

◦ Many of these bacteria are opportunistic pathogens, meaning they become 
problematic when the microbiome is imbalanced (e.g., after antibiotic use, during 
illness, or with poor diet).

◦ Some toxins (like LPS from Gram-negative bacteria) can lead to systemic 
inflammation if the gut barrier is compromised.

2. Gut Dysbiosis:

◦ Imbalances in the microbiome, such as overgrowth of Clostridium difficile or 
Bacteroides fragilis, can lead to toxin production and disease.

◦ Maintaining a healthy microbiome with a high-fiber diet and diverse foods can 
help suppress the growth of toxin-producing bacteria.

Acetaldehyde is a compound produced by certain bacteria, often as a byproduct of fermentation 
or metabolism of ethanol or sugars. Here are the bacteria from the table that are known to 
produce acetaldehyde:

Fusobacterium nucleatum - FadA adhesin-
associated toxins

Promotes 
inflammation and is 
linked to colorectal 
cancer.

Mouth, colon

Porphyromonas gingivalis - Gingipains Breaks down host 
proteins, causing 
gum disease and 
systemic 
inflammation.

Mouth (gum tissue)

- LPS Triggers immune 
response and 
systemic 
inflammation.

Bacteria Species Acetaldehyde 
Production

Details

Escherichia coli Yes Produces 
acetaldehyde 
during fermentation 
of sugars under 
anaerobic 
conditions.



Your nasal cavity microbiome is about the size of a DVD

Lung microbiome 100m2 is about half a tennis court

Here are some common forms of lung dysbiosis and their associated conditions:

Forms of Lung Dysbiosis and Related Conditions

Helicobacter pylori Yes Converts ethanol to 
acetaldehyde using 
alcohol 
dehydrogenase; this 
contributes to 
gastric mucosal 
damage.

Staphylococcus aureus Possible Can produce 
acetaldehyde 
during fermentation 
processes, though 
less commonly 
studied.

Fusobacterium 
nucleatum

Yes Produces 
acetaldehyde 
during metabolism 
of amino acids and 
sugars; contributes 
to tissue damage in 
the oral cavity.

Porphyromonas 
gingivalis

Yes Produces 
acetaldehyde in the 
oral cavity during 
fermentation; 
linked to gum 
inflammation and 
systemic effects.

Type of Dysbiosis Microbial 
Imbalance

Associated 
Conditions



Key Drivers of Lung Dysbiosis

• Chronic diseases: Conditions like asthma, COPD, and cystic fibrosis can disrupt the 
microbial balance.

• Environmental exposures: Smoking, air pollution, and occupational hazards.

Bacterial Overgrowth Overgrowth of 
pathogenic or 
opportunistic 
bacteria such as 
Pseudomonas 
aeruginosa or 
Klebsiella 
pneumoniae.

Chronic obstructive 
pulmonary disease 
(COPD), 
bronchiectasis, 
cystic fibrosis (CF).

Loss of Commensal 
Microbiota

Reduced levels of 
protective species 
such as Prevotella 
or Veillonella.

Asthma, COPD, 
increased 
susceptibility to 
infections.

Pathogenic 
Colonization

Persistent 
colonization by 
pathogens like 
Staphylococcus 
aureus, 
Haemophilus 
influenzae, or 
Aspergillus.

Chronic lung 
infections, fungal 
infections, allergic 
bronchopulmonary 
aspergillosis.

Increased Diversity of 
Pathogens

Presence of 
multiple harmful 
species, sometimes 
resistant to 
antibiotics.

Ventilator-
associated 
pneumonia (VAP), 
acute respiratory 
distress syndrome 
(ARDS).

Viral or Fungal 
Dysbiosis

Overgrowth of 
viruses (e.g., 
Herpesviridae) or 
fungi (e.g., 
Candida or 
Aspergillus).

Post-viral 
pneumonia, fungal 
infections, 
worsened asthma 
symptoms.

Biofilm Formation Formation of 
bacterial or fungal 
biofilms (e.g., 
Pseudomonas 
aeruginosa 
biofilms in CF 
patients).

Antibiotic-resistant 
infections, chronic 
lung inflammation, 
worsening of CF.



• Antibiotic use: Frequent or prolonged use of antibiotics can reduce beneficial microbes.
• Immunosuppression: Weakened immunity can allow pathogenic microbes to dominate.
• Hospital interventions: Mechanical ventilation and long-term oxygen therapy can alter 

the microbiota.

Symptoms of Lung Dysbiosis

• Chronic coughing.
• Persistent respiratory infections.
• Increased mucus production.
• Worsening of underlying conditions (e.g., asthma or COPD).

Would you like further details on treatments or diagnostic tools for lung dysbiosis

Examples of Pathogenic Gut Bacteria That Form Biofilms

Pathogen Associated Biofilm 
Features

Health 
Implications

Escherichia coli (Enteropathogenic or 
Enteroaggregative)

Dense, tightly 
adhered biofilms on 
the intestinal 
epithelium.

Contributes to 
diarrheal diseases, 
inflammatory 
bowel disease 
(IBD), and 
persistent 
infections.

Clostridioides difficile (C. diff) Thick biofilms with 
spores that resist 
harsh conditions.

Causes recurrent 
infections and 
antibiotic-resistant 
colitis.

Helicobacter pylori Creates biofilms in 
the stomach lining 
and mucosa.

Associated with 
ulcers and stomach 
cancer; evades 
immune system by 
embedding deep in 
the mucus layer.

Salmonella enterica Biofilms on gut 
epithelium or 
medical surfaces 
(e.g., catheters).

Leads to persistent 
gut infections, 
typhoid fever, and 
foodborne illness.



Pseudomonas aeruginosa Thick, resistant 
biofilms often 
forming in 
compromised 
hosts.

Causes systemic 
infections, 
especially in 
individuals with 
weakened immune 
systems or cystic 
fibrosis.

Candida albicans (fungal) Forms mixed 
biofilms with 
bacteria, increasing 
virulence.

Contributes to gut 
dysbiosis and 
invasive infections, 
particularly in 
immunocompromis
ed individuals.


