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Introduction To The Human 
Microbiome 
The human microbiome is the collection of microorganisms that reside in the human body. This 
includes bacteria, archaea, viruses, eukaryotes, and fungi that inhabit various  body sites such as the  
skin, gastrointestinal tract, oral cavity, urogenital tract, and respiratory tract. The ratio of 
microorganisms to cells is about 1:3. While there are pathogenic microorganisms, the majority of the 
community assists in supporting the immune system, breakdown of food, and prevents colonization 
of the gut from harmful bacteria.



Importance
Assistance in Digestion: The Microbiota helps break down complex carbohydrates like starch 
and fibers with digestive enzymes like cellulase and amylase.

Production Of Vitamins: Certain bacteria and microbes can synthesize vitamins and amino 
acids. This includes the essential Vitamins B and K.

Regulating the Immune System: Microbiomes closely interacts with the immune system and 
distinguishes between harmful pathogens and harmless antigens, thus promoting immune 
tolerance. 

Protections Against Harmful Pathogens: The microbiome acts as a barrier against 
colonization by harmful pathogens. Beneficial microbes compete with pathogens for space and 
nutrients.



Composition Of Microbiomes
Bacteria Viruses

- Living, unicellular, prokaryotic 
organisms.

- Diverse population of bacteria 
are found in the 
Gastrointestinal tract.

- Aids in digestion and nutrient 
absorption.

- Roughly 40 trillion bacterial 
cells in body and only 30 
trillion cells.

- Nonliving microscoping agents 
made up of an outer protein 
called capsid.

- Bacteriophages are viruses that 
infect bacteria.

- Influences bacterial population 
dynamic and contribute to 
microbial diversity.

- Human viruses infect human 
cells and can be found 
throughout the body.



Fungi
- Living, multicellular worms.
- Can influence skin health and 

disease.
- Present in oral cavity and 

contribute to microbial 
communities.

- Can co-exist with bacteria and 
regulate homeostasis. 

Protozoa
- Protozoa feed on bacteria and 

other microorganisms. 
- Plays a pivotal role in nutrient 

recycling within the gut 
ecosystem.

- Have a symbiotic relationship 
with human host.

- Outcompetes pathogenic 
microorganisms. 

Archaea

- Primarily found in the gut 
and contribute to methane 
production.

- Produces methane gas as 
byproduct of digestion.

- Can adapt in extreme 
environments.



Role In Digestion and Nutrition

Digestive Enzymes

- Microbes in the gut produce 
enzymes such as cellulase and 
amylase to break down complex 
carbohydrates.

- Gut bacteria ferment dietary 
fibers into simpler compounds 
and produces a beneficial 
byproduct called SCFAs.

- Certain gut microbes can break 
down proteins into amino acids 
and nitrogenous compounds in 
aid for digestion. 

Vitamin Production

- Bacteria in the colon produce vitamin K2, 
which plays an important role in blood 
clotting and bone health.

- Gut bacteria synthesize Vitamin  B7 that 
is vital for fatty acid production.

Short-Chain Fatty Acids 
(SCFAs)

-  SCFAs can cross the 
blood-brain barrier and 
influence brain function.

- Can influence glucose and 
lipid metabolism.



    Immune System Interactions

Immune Modulation

- Gut bacteria stimulate production of regulatory T cells 
which maintains immune tolerance and prevents 
autoimmune responses.

- Certain microbes in the gut produce SCFAs which have 
anti-inflammatory components.

- Exposure to diverse microbial communities can 
contribute to the immune system’s functionality.

Barrier Protection

- Gut bacteria excites the production of mucus 
and forms a protective layer over the gut 
lining, preventing pathogen invasion.

- Microbes have the ability to produce 
antimicrobial peptides as an additional layer 
of protection.



Microbiome and Disease
Inflammatory  Bowel Disease (IBD)
Dysbiosis: Loss of beneficial microbiota and an overgrowth of harmful microorganisms. Can occur from overuse of antibiotics and 
serious infections.

Inflammation: Dysbiosis can lead to inappropriate immune responses, resulting in severe inflammation in GT.

Autoimmune Diseases

Type 1 Diabetes: It is an autoimmune disorder in which pancreatic beta cells are attacked by effector T cells. This causes the 
pancreas to not produce insulin for metabolic regulation. Children with T1D have less diverse microbiota in relation to health 
children.

Rheumatoid Arthritis: It is a chronic autoimmune disease in which the immune system attacks the joints causing inflammation 
pain, and join damage. Studies have shown that those diagnosed with RA have an altered gut microbiota composition. 

Multiple Sclerosis: Chronic autoimmune condition that affects the central nervous system leading to communication issues 
between the problem. Dysbiosis in MS patients have linked to an imbalance of anti-inflammatory responses.



    Microbiome Research Techniques
Method Description Insights

16s rRNA Sequencing Identifies and counts different types of 
bacteria using the 16S ribosomal RNA gene.

Using taxonomic profiling to determine the 
variety and amounts of bacteria.

Metagenomics Sequences the DNA of all microbes in a 
sample.

Reveals the genetic potential of the 
microbiome and what the microbes can do.

Metatranscriptomics (RNA Analysis) Analyzes RNA to see which genes are 
active, showing what the microbes are 
doing.

Dweleves into microbial gene activity and 
regulation.

Metaproteomics (Protein Analysis) Studies the proteins produced by microbes 
to understand their functions and roles.

Understanding microbial functions.

Metabolomics (Metabolite Analysis) Examines molecules produced by microbes, 
revealing their metabolic activities and 
interactions with the host.

Insights into microbial metabolic activities.



Probiotics 
Probiotics are live microorganisms and is often referred to as “good bacteria”. They can be 
consumed and help in restoring and maintaining the natural balance of the gut microbiota. 
Common examples of probiotics includes yogurt , kimchi, and dietary supplements.  When 
consuming them, they add beneficial type of microbes to add to the microbial populations in 
the body. In addition to this, Probiotics can compete with pathogenic bacteria for resources 
and enhance the mucous barrier. Probiotics are recommended to take to those who have 
symptoms of dysbiosis or elsewhere. 



Prebiotics
Prebiotics are live microorganisms that promote the growth activity of beneficial bacteria in 
the gut. They selectively stimulate the growth and activity of bacteria such Bifidobacteria 
and Lactobacilli, by providing them with nutrients they need to thrive. Essentially, they 
function as a food source for the gut’s microorganisms and make it to the colon to ferment 
and metabolize. When broken down, they create short-chain fatty acids and it provides 
energy to colon cells, helps with mucus production, and controls inflammatory responses. 



Case Studies In Microbiome Research
Fecal Microbiota Transplantation (FMT) for Clostridium Difficile Infection

Clostridium difficile Infection (CDI): A severe gut infection causing diarrhea, often hard to treat with regular antibiotics.

Antibiotic Resistance: CDI can occur after antibiotics kill good gut bacteria, allowing C. difficile to grow.

Intervention:

Fecal Microbiota Transplantation (FMT): A treatment where healthy stool from a donor is put into the patient’s gut to 
restore good bacteria.

Procedure: The donor stool is processed and given to the patient through methods like colonoscopy or capsules.

Outcome:

High Success Rates: FMT has over a 90% success rate in curing recurrent CDI, even when antibiotics don’t work.

Therapeutic Potential: FMT shows that restoring healthy gut bacteria can be a powerful treatment.



            Case Study 1  Charts 



Case Study 2 
Probiotics for Preventing Antibiotic-Associated Diarrhea

Antibiotic-Associated Diarrhea (AAD): Diarrhea caused by antibiotics killing good gut bacteria.

Common Issue: Many people experience diarrhea after taking antibiotics.

Intervention:

Probiotics: Taking live beneficial bacteria, like Lactobacillus or Bifidobacterium, to restore good bacteria in the gut.

Method: Probiotics are taken as supplements or in foods like yogurt, kimchi, etc.

Outcome:

Reduced Diarrhea: Studies show that probiotics can significantly reduce the risk of diarrhea when taken with 
antibiotics.

Overall Benefit: Probiotics help maintain a healthy balance of gut bacteria during antibiotic treatment.



Case Study 2 Charts



        Summary and Implications

ons

To conclude, the human microbiome, made up of diverse microbes, plays a crucial role 
in digestion, nutrition, and immune function. Imbalances are linked to chronic diseases 
and mental health issues. Research techniques like 16S rRNA sequencing, and 
treatments like probiotics and FMT, show the microbiome potential for improving 
health and preventing infections.Understanding the microbiome can lead to better 
disease prevention and treatment. 
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