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Microbes and humans

Very few microbes are 
always pathogenic

Many microbes are 
potentially pathogenic

Most microbes are 
never pathogenic

Under what 
condition?
-Opportunistic 
infection

How to identify 
a pathogen?

At lest two questions here



Microbes and Human

Normal flora =Normal microbiota (beneficial or 
ignored): 
 GI track, skin, upper respiratory track…

Opportunistic bacteria (when host with underline 
problem):
 Pseudomonas aeruginosa: cystic fibrosis/ burn
 Kaposi’s sarcoma (herpesvirus): AIDS

 E.coli，Staphylococcus

Virulent bacteria (actively cause disease): 
Mobile genetic elements
pathogenic islands



external auditory canal

small intestine

The sites 
harboring 
Microbiota 
(normal flora)
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Table 10-1



Sites of  Normal 
Microbiota

Table 10-1

Microbe-free sites



Table 10-1   Normal 
Bacterial Microbiota

Microbiota Differs in 
the different location



Normal microbiota 
• All body surfaces possess a rich normal bacterial flora, 

especially the mouth, nasopharynx, gastrointestinal tract, 
vagina, skin…
– This can be a nuisance
contaminate specimens
cause disease

– This is beneficial
protect against infection by preventing pathogens 

colonising epithelial surfaces (colonisation resistance)
 removal of the normal flora with antibiotics can cause 

superinfection, usually with resistant microbes
• Endogenous viruses reside in the human genome

– worries about similar pig viruses in xenografts



The microbiota determined by a variety of factors:
– age
– diet
– hormonal state
– health
– personal hygiene

• The human fetus in a sterile environment
the newborn is exposed to microbes from the 
mother and environment.

• The infant´s skin is colonized by microes first, 
followed by the oropharynx, gastrointestinal tract, 
and other mucosal surfaces.
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Fetus: germ-free
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After birth: 
in 4-12h germ-free
Oral cavity ：
Lactobacillus
Sreptococus

Contact with 
environment
-nurse…  
-hold, handle…

Microbes 
introduced
-forming normal 
flora

Age, diet 
change
-Microbiota 
change

Neonatal
Teething
puberty

The microbial population continues to
change in an individual life



Hospitalization microbial population change
The replacement of normally avirulent bacteria in the

oropharynx with Pseudomonas aeruginosa or Klebsiella
pneumoniae, that can invade the lungs and cause
pneumonia



Outcomes of exposure to bacteria

• Transiently colonize in the person.
• Permanently colonize in the person.
• Induce disease.

Colonization ≠ disease
≠ infection



• Benefits of the normal microbiota
– Nutrient production/processing eg Vitamin K 

production by E. coli

– Competition with pathogenic microbes(the first line 
defense against microbial pathogens)

– Normal development of the immune system 
Without microbiota, life would be impossible



Microbes and humans
Disease can come about in several overlapping ways

1. Entirely adapted to the pathogenic way of life in 
humans, and never be part of the normal flora but may 
cause subclinical infection, e.g. M . tuberculosis

2. Part of the normal flora acquire extra virulence factors 
making them pathogenic, e.g. E. coli

3. Part of the normal flora can cause disease if they gain 
access to deep tissues by trauma, surgery, e.g. S. 
epidermidis

4. In immunocompromised patients many free-living 
bacteria and components of the normal flora can cause 
disease, especially if introduced into deep tissues, e.g. 
Acinetobacter



In some conditions, normal microbiota may cause 
disease
Opportunistic infections- an infection caused by the 
normal flora in the host’s environment
• Opportunistic pathogens:

– e.g. bacteria that are typically members of the 
human´s normal microflora (Staphylococcus 
aureus, Escherichia coli and other) 

• Strict pathogens “always associated with human
diseases”
Mycobacterium tuberculosis,
Neisseria gonorrhoeae
Francisella tularensis,
Rabies virus
…



Opportunistic infections

Or microbes from 
Environment
Air
Water
soil 
food

Normal flora
•Skin

– Staphylococcus 
aureus,
– S. epidermidis
– Propionibacterium
acnes

•Intestine
–Bacteroides

*high numbers 
– Enterobacteriaceae

*low number
……

Opportunistic infections 
in hospital 
Nosocomial infection



 Change the locations: such as access to deep tissues
by trauma, surgery, e.g. S. epidermidis

 Immcompromised patients many free-living bacteria
and components of the normal flora can cause disease,
especially if introduced into deep tissues, e.g.
Acinetobacter

 Antibiotics usage
The growth of Clostridium difficile in the gastrointestinal

tract is controlled by the other bacteria present in the
intestines.

Normal (susceptible) bacteria are eliminated by
antibiotics and C.difficile is able to proliferate and produce
gastrointestinal disease.

Opportunistic infections



Figure 10-25
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Disease Etiology: Koch’s PostulatesInnocent or Murder? 
Who is to be blamed?



Koch's postulates
The postulates formulated by Robert Koch and Friedrich Loeffler in 

1884 and refined and published by Koch in 1890

• Isolated
– diseased not healthy people

• Growth 
– pure culture in vitro

• induce typical disease 
– susceptible animals

• re-isolated
– susceptible infected animals

Example: 
Identification of SARS CoV

Modification of Koch’s 
postulates

-Can not be culture in vitro?

-No susceptible animals？

-How identifying a virus 
causing disease ?

Table 9-1, p. 150
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• Pathogenicity and Virulence 

– Pathogenicity
• The ability of a microbe to cause disease 
• This term is often used to describe or compare 

species
– Virulence

• The degree of pathogenicity in a microorganism 
• This term is often used to describe or compare 

strains within a species 



Depend on bacterial and host
Bacteria
Pathogenicity
Virulence

- Virulence factors
- Escape of immune surveillance
- Infectious Dose 

Entry 
- Portal of entry 
- Number of pathogenic cells encountered by the Host 
Host immune status 

immunityinfection

Region x virulent

immunity
Disease =

Bacterial pathogenesis



Virulence of bacteria

 Entry 
-portal of entry 
 Colonization 
-usually at the site of 

entry 
 Multiplication
 Spread

virulence

Invasiveness

Toxin
Exotoxin

Eendotoxin

Bacterial virulent factors



Adhesion

Producing toxin

entry

Multiplication

Adhesion

multiplication
Producing toxin



Invasiveness of bacteria 

1. Adhesion Factors 
-Interact with host cell receptors

• Proteins on surface  of cell wall (G+) 
• Streptococcus pyogenes：Protein F

• Lipoteichoic acid of cell wall (G+) 
• Pili (fimbriae)

E. coli type I pili-host epithelia cell receptor
-P pili

Antibody against the adhesion factors can block 
adhesion



Adhesion

adhesin

Epithelium
(Host cells)

receptor

Bacterium 

S. pyogenes

fibronectin

M protein
F-protein
lipoteichoic acid

Epithelium
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Adhesion of E. coli Fimbriae (Pili)

mannose

Type 1 pili (fimbriae)

galactose 
– glycolipids 
– glycoproteins 

P pili ( fimbriae) 

Pili

Flagella

Epithelium



Penetration and spread

Vibrio cholerae

Salmonella enteritidis

Salmonella typhi

Epithelium
Gut lumen

Blood stream



2. Capsule, slime layer, etc.
–Anti-phagocytic
–Immune evasion

3. Connective tissue destruction
Helps bacterial dissemination
Examples: 
Coagluase (Staphylococcus aureus) 
Streptokinase (Streptococcus pyogenes)
Streptodornase
Hyaluronidase (Many pathogens)
Collagenase (Many pathogens)
Leucocidin (Many pathogens)
Hemolysin  (Many pathogens)
Cytolytic toxin
Immune evasion
•IgA1 protease (H. influenzae, S. pneumoniae. N. gonorrhoeae, N. 
meningitidis)

 Disrupt of tissue

 Anti-phagocytic

 Anti-immune defense

-spread in body / tissues

Bacterial infection 
 pustule -pus

- color  （pigment）
- thick/ or thin



Protein A inhibits phagocytosis

immunoglobulin Protein A

Fc receptor

Bacterium

Phagocyte

M protein

rr r

peptidoglycan

Complement fibrinogen

M protein inhibits phagocytosis

Fibrinogen converted by thrombin into fibrin

phagocytes

Staphylococcus aureus

S. pyogenes



1. Exotoxin
• Produced by G+ or G- bacteria
• Most exotoxins are peptide or protein 

-usually enzymes
-unstable, most exotoxins are heat sensitive (exception: 

enterotoxin of Staphylococcus aureus)

• Secreted by bacteria （except Clostridium botulinum）

• The action of the exotoxin not necessarily requiring the 
presence of the bacteria in the host

• Toxic activity –tissue or cell specific 

Toxins of bacteria



Toxic Active Binding

A

Cell surface

B
A subunit

-Toxic activity
-Inactivated by formalin

B subunit
Bind to receptor of cells with high affinity, dissociated low
-prevention very important (vaccination)
Whole toxin Inactivated by formalin
-Toxoid (vaccine)

Subunit vaccine (?)

Terms: Toxin,  Toxoid,  Antitoxin
-neutralization antibodies

receptor

B subunit



Mode of action of E. coli and Vibrio cholera enterotoxins



Classification of exotoxins: 
Neurotoxic, Cytotoxic, or Enterotoxic
Neurotoxins: 
Interfere with proper synaptic transmissions in neurons… 
Cytotoxins: 
Inhibit specific cellular activities, such as protein 
synthesis… 
Enterotoxins: 
Interfere with water reabsorption in the large intestine; 
irritate the lining of the gastrointestinal tract…
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• Botulinum toxin
– inhibits acetylcholine release 
– inhibits nerve impulses
– muscles inactive
–flacid paralysis

• Tetanus toxin
– inhibits glycine release 
– inactivates inhibitory neurons
– muscles over-active
– rigid paralysis

Exotoxins - extracellular matrix of connective tissue
•Clostridium perfringens -collagenase
•Staphylococcus aureus –hyaluronidase
Membrane damaging exotoxins

•Proteases 
•Phospholipases
Detergent-like action

Neurotoxic

Neurotoxic

Cytotoxic
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Diphtheria toxin and Pseudomonas exotoxin A
- ADP-ribosylates elongation factor (EF2)
- inhibits protein synthesis
- kills cells, destroys tissues

Cholera toxin and E. coli labile toxin
- ADP-ribosylation of regulator
- adenylate cyclase activation 
- cyclic AMP 
- active ion and water secretion
- diarrhea

Shiga toxin - shigellosis
Shiga-like toxin – entero hemorrhagic E. coli

-lyses 28S rRNA in ribosome
-death of epithelial cells，poor water absorption
-diarrhea

Cytotoxic

Enterotoxic

Enterotoxic



• destroys blood vessels 
• stops influx inflammatory cells
• creates anaerobic environment
• allows growth of this strict anaerobe

C. perfringens phospholipase



Diseases Caused by Staphylococcal Toxins

Scalded Skin Syndrome (SSSS) Toxic Shock Syndrome TSS
epidermolytic exotoxins (exfoliatin) Caused by Staph. or Strep.

TSS toxin  (a superantigen)



Neonatal Tetanus (Wrinkled brow and risus sardonicus)
Source:  Color Guide to Infectious Diseases, 1992

Muscle spasms of tetanus are caused by 
neurotoxin of Clostridium tetani 



 Produced by G+ or G- bacteria
 Most exotoxins are peptide or protein 

-most are enzymes, unstable, heat sensitive (exception: 
enterotoxin of Staphylococcus aureus)

 Secreted by bacteria （except Clostridium botulinum）

 The action of the exotoxin not necessarily requiring the 
presence of the bacteria in the host

 Toxic activity –tissue or cell specific 
 Inactivated Toxoid use as a vaccine
 Anti-toxin Ab can block the toxin activity 

Exotoxins of bacteria



2. Endotoxins
 A component of the gram-negative cell wall

- Lipopolysaccharide (composed of Lipid A, G-)
- peptidoglycan -endotoxin-like action (G+)
- cell wall components 
- not proteins/enzymes
- stable, resistant to 160℃ 2-4 hours 

May be released from the cell wall as the cells die and 
disintegrate 

The action of endotoxin requires the presence of the 
bacteria in the host

Mode of action: no cell/tissue specific, 
irritation/inflammation of epithelium, GI irritation, 
capillary/blood vessel inflammation, hemorrhaging



G– cell wall

LPS



Stucture of LPS
(Endotoxin)

O-polysaccharide core Lipid A Out membrane

toxicityO-antigen

Stable
resistant to 
160℃ 2-4 h

Intravenous 
infusion
-Infusion 
related 
reaction
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Activities of Endotoxins
• non-specific inflammation   
• cytokine release
• complement activation
• B cell mitogens polyclonal B cell activators 
• Adjuvants

Cause septic shock
• fever
• hypotension (tissue pooling of fluids)
• disseminated intravascular coagulation (DIC)
• lack of effective oxygenation
• overall system failure



Table 9-4
P 156

Exotoxin

Endotoxin
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Antibiotics resistant

Resistant immune clearance

Released into bloodstream

-Septicemia relapse

4. Bacterial biofilm
A biofilm is an aggregate of microorganisms,  in which cells adhere to 
each other and/or to a surface. These adherent cells are frequently 
embedded within a self-produced matrix of extracellular polymeric 
substance (EPS).    Resistant gene?

Barrier?

Expression altered

Antibiotics resistant
>100-1000 fold than 
planktonic cells-community



• What is a bacterial biofilm?
- A community of physically-associated microorganisms 

that are attached to a surface. (organize as a society)
• Where you can found Bacterial Biofilms ? 

-Biofilms found in nature everywhere -a combination of 
moisture, nutrients, and a surface

Biofilms form on living or non-
living surfaces 
- As a mode of microbial life 

in natural
- Human skin/surface (GI)
- In the environment: 

hospital settings, industrial   
and many household surfaces:   
toilets, sinks, bathtub 
countertops, and cutting boards 
in the kitchen…



BACTERIAL BIOFILMS

Water drainer

Teeth

Venous indwelling needle

Intravenous catheter

-Contact 
lense
-Artificial 
crystals

Joint prosthesis



Bacterial biofilms and 
chronic wounds

In the biofilms, there may exist multiple bacterial species



Cystic fibrosis 
A genetic disease in Caucasian

Most critically the lungs, and also 
the pancreas, liver, and intestine

The lungs easily infected by 
Psueduomas aerguginosa as 
biofilm formed in the lungs



Biofilm formation of S. epidermidis 1457 WT and mutants in flow-cell chamber
Live_dead

1457 wt 1457 △agr 1457 △atlE
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Infection





Portals of Exit



Spread of Disease
 Reservoir: source of organisms

– Humans
– Animals (zoonoses)
– Environment

 Contact
– direct
– indirect (fomite)

 Droplet -aerosol 
 Vehicle
 Vector



Modes of infectious disease transmission

• Contact transmission
– Direct contact (person-to-person): syphilis, gonorrhear, herpes

– Indirect contact: enterovirus infection, measles

– Droplet (less than 1 meter): whooping cough, strep throat

• Vehicle transmission
– Airborne: influenza, tuberculoses, chickenpox

– Water-borne (fecal-oral infection): cholera, diarrhea

– Food-borne: hepatitis, food poisoning, typhoid fever

• Vector transmission
– Biological vectors: malaria, plaque, yellow fever 

– Mechanical vectors: E. coli diarrhea, salmonellosis



Ingestion: Gastrointestinal Tract
-food, water,  Salmonella, Shigella, Vibrio, Clostridium etc..
Inhalation: Respiratory
- airborne droplets Mycobacterium, Mycoplasma, Chlamydia

etc..
Trauma: Clostridium tetani
Arthropod bite:  Rickettsia, Yersinia pestis, etc.
Sexual transmission: Neisseria gonorrboeae, HIV, chlamydia,

etc
Needle stick: HIV, HBV, Staphylococcus
Maternal-neonatal: HIV, HBV, Neisseria, etc.

Modes of infectious disease transmission



• Communicable disease: Transmitted from one host to 
another 

• Contagious disease : Easily transmitted from one individual to 
another

• Sporadic: Occasional cases

• Endemic: A disease condition that is normally found in a 
certain percentage of a population

• Epidemic: A disease condition present in a greater than usual 
percentage of a specific population

• Pandemic: worldwide outbreaks, an epidemic affecting a large 
geographical area, often on a global scale

Definitions



Definitions

Infection:  Multiplication of an infectious agent within the body. 
Multiplication of pathogenic bacteria (eg, Salmonella species)—even if 
the person is asymptomatic—is deemed an infection. Multiplication of 
the bacteria as normal flora?

Subclinical Infection （inapparent infection）: An infection with few 
or no obvious symptoms

Carrier state: A person or animal with asymptomatic infection that can 
be transmitted to another susceptible person or animal.

Clinical Infection （apparent infection）:  An infection with obvious 
observable or detectable symptoms

Acute Infection :  An infection characterized by sudden onset, rapid 
progression, and often with severe symptoms

Chronic Infection : An infection characterized by delayed onset and 
slow progression



Primary Infection:  An infection that develops in an 
otherwise healthy individual

Secondary Infection: An infection that develops in an 
individual who is already infected with a different 
pathogen

Localized Infection: An infection that is restricted to a 
specific location or region within the body of the host

Systemic Infection:  An infection that has spread to 
several regions or areas in the body of the host 

Definitions



• The suffix “-emia”
A suffix meaning “presence of an infectious agent”  
• Bacteremia: Presence of infectious bacteria, but   not 

multiplication
• Septicemia: Presence of an infectious agent in the 

bloodstream, multiplication
• Pyemia: A type of septicemia that leads to widespread 

abscesses of a metastatic nature. It is usually caused by 
the staphylococcus bacteria by pus-forming organisms in 
the blood

• Toxemia
• Endotoxemia (carefully use the antibiotics)

Definitions



Adherence (adhesion, attachment): The process by which bacteria stick to the 
surfaces of host cells. After bacteria have entered the body, adherence is a major 
initial step in the infection process. The terms adherence, adhesion, and attachment
are often used interchangeably.
Invasion: The process whereby bacteria, animal parasites, fungi, and viruses enter 
host cells or tissues and spread in the body.
Toxigenicity: The ability of a microorganism to produce a toxin that contributes to 
the development of disease
Virulence: The quantitative ability of an agent to cause disease. Virulent agents 
cause disease when introduced into the host in small numbers. Virulence involves 
adherence, persistence, invasion, and toxigenicity
Pathogen: A microorganism capable of causing disease.
Pathogenicity: The ability of an infectious agent to cause disease. (See also 
virulence.)
Nonpathogen: A microorganism that does not cause disease; may be part of the 
normal microbiota.
Opportunistic pathogen: An agent capable of causing disease only when the 
host's resistance is impaired (ie, when the patient is "immunocompromised").
Superantigens: Protein toxins that activate the immune system by binding to major 
histocompatibility complex (MHC) molecules and T-cell receptors (TCR) and 
stimulate large numbers of T cells to produce massive quantities of cytokines.

Definitions



Nosocomial 
Infections

• Hospital-acquired
• 5-15% of patients acquire infection



Control of Nosocomial Infection
1. Education of hospital staff in: 
• Frequent handwashing，
• Good surgical techniques
• Hygiene in theatre, wards, kitchen…etc
2. Single-use materials
3. Special precautions and isolation of infective patients 

Protective precautions for high risk patients, e.g., 
Immunosupressed.

4. Proper sterilization and disinfection.
5. Appropriate antibiotic use (Conservative antibiotic use).
6. Surveillance : Surveillance of infections in the hospital 

by infection control staff. 



Review questions

1. In p162: question 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15.

2. In p173: question 1, 2, 3，4， 5，7，8, 9, 10, 11, 12, 14, 15

3. How should we identify a pathogen responsible for  a infectious 

disease (Koch’s postulates)

4. Summary the differences between the endotoxins and exotoxins



Mouth, oropharynx, nasopharynx
• colonized with numerous bacteria

aerobic bacterium: anaerobes as  1: 10 ~100 
anaerobic bacteria : Peptostreptococcus, Veillonella, 

Actinomyces and Fusobacterium species.
aerobic bacteria : Streptococcus, Haemophilus and Neisseria 

species.
Ear (the outer ear )
coagulase-negative Staphylococcus species.
Eye (surface)
coagulase-negative staphylococci 
rare numbers of bacteria found in the nasophyranyx (e.g. 

Haemophilus sp., Neisseria sp. and viridans streptococci).

Normal bacterial microbiota (Table 10-1)
As reference



Lower respiratory tract
The larynx, trachea, bronchioles and lower airways are 
generally sterile

transient colonization with secretions of the upper respiratory 
tract

Gastrointestinal tract
• colonized with microbes at birth 
• a diverse population of microorganims
• Although the opportunity for colonization with new bacteria 

occurs daily with the ingestion of food and water, the 
population remains relatively constant.

• Some factors can lead to change of normal microflora, e.g. 
using of antibiotics.

As reference



Genitourinary tract
• the anterior urethra and vagina are the only anatomic areas of the 

genitourinary tract system permanently colonized with microbes.
• Although the urinary bladder can be transiently colonized with bacteria 

migrating upstream from the urethra, cleared rapidly by the 
bactericidal activity of the uroepithelial cells and flushing action of 
voided urine

• The other structures of the urinary system should be sterile except when 
disease  or an anatomic abnormality is present.

Skin
• relatively hostile environment does not support the survival of most 

bacteria
• Most common microorganisms : Gram-positive bacteria (e.g. coagulase-

negative staphylococci and, less commonly, Staphylococcus aureus, 
corynebacteria and propionibacteria)

• Gram-negative bacteria do not permanently colonize the skin surface, 
because the skin is too dry.

As reference






