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History:
- Louis Pasteur and Robert Koch; 
establishing the microbiologic etiology of 
infectious disease.
- Pasteur; 

* proving that microorganisms can 
cause disease

* created first attenuated vaccines; 
rabies vaccine for human in 1885.



- 1882, Koch; criteria for linking a specific 
microorganism to a disease.

* Koch’s postulate;
1. the organism is found in the lesions of the 

disease.
2. the organism can be isolated as single 

colonies on solid media
3. inoculation of the organism causes lesions 

in experimental animals
4. the organism can be recovered from the 

experimental animal



* Koch isolated the bacteria that cause 
tuberculosis (Mycobacterium tuberculosis) 
and anthrax (Bacillus anthracis) 

- 1897, Ronald Ross; an English military 
physician posted in India

* mosquitoes carry malaria



- 1900, Walter Reed; an American 
military physician, Cuba

* yellow fever transmitted by 
mosquitoes.

- 1901, James Carroll showed that 
yellow fever caused by a virus. This was 
the first demonstration that a virus causes 
disease in human.



- 1911, Rous demonstrated that a virus 
causes sarcoma in chickens.

- 1944, Oswald Avery; transfer DNA 
from virulent to avirulent Streptococcus 
pneumoniae → explosion of research in 
molecular genetics.



Emerging/Reemerging infectious diseases:

Emerging diseases:
- new infectious disease or outbreaks of 
previously unknown disease or known 
disease whose incidence in human has 
significantly increased in the past two 
decades.
- SARS



Reemerging diseases:
- disease that have reappeared after a 
significant decline in incidence
- drug resistance, mutation
- dengue, West Nile Virus, food and 
waterborne infections







Classification of infectious agents:
- classification according to structure
- classification according to pathogenesis
- classification according to site of 
multiplication



Classification according to structure
- Prion - Fungi
- Viruses - Protozoa, metazoa
- Bacteria - Ectoparasite
- Rickettsia, chlamydia, mycoplasma



Classification according to pathogenesis
- Infectivity
- Pathogenesis
- Pathogenic agents; high and low 
virulence
- Opportunistic infection



Classification according to site of 
multiplication
- obligate intracellular organisms
- facultative intracellular organism
- extracellular organisms



Obligate Intracellular Organisms
- Prions
- All viruses
- All rickettsiae
- All chlamydia
- Some protozoa



Facultative Intracellular Organisms
- Mycobacteria; M. tuberculosis
- Brucella spp.
- Actinomyces
- Klebsiella rhinoscleromatis
- Francisella tularensis
- Pseudomonas mallei and P. 
pseudomallei



Fungi;
- Coccidioides immitis
- Histoplasma capsulatum
- Cryptococcus neoforman
- Blastomyces dermatidis
- Paracoccidioides brasilliensis
- Sporothrix schenski

Some protozoa



Extracellular Organisms
- Mycoplasma
- All bacteria except facultative intracellular 
organism
- Fungi; Candida albicans, Aspergillus spp, 
Mucor spp.
- Some protozoa except Trypanosoma 
spp, Plasmodium spp, Toxoplasma spp.
- All metazoa



Category of Infectious agents:
Prions:

- 27 kD nucleic acid-free prion
- are apparently composed of abnormal 

forms of host protein; prion protein
- these agents cause transmissible 

spongioform encephalopathies; kuru, CJD, 
bovine spongioform encephalopathy (mad cow)



Prion disease



Viruses:
- obligate intracellular parasites that 

depend on the host cell’s metabolic 
machinery for their replication.

- consists of a nucleic acid genome 
surrounded by a protein coat (capsid)

- classified by their nucleic acid 
genome; DNA or RNA 











Bacteriophages, Plasmids, Transposons:
- these are mobile genetic elements 

that infect bacteria and can indirectly 
cause human diseases by encoding 
bacterial virulence factors (e.g. adhesins, 
toxins, or enzymes that confer antibiotic 
resistance)



- Bacteriophages or plasmids can convert 
nonpathogenic bacteria into virulent ones.

- Plasmids or transposons encoding 
antibiotic resistance can convert an 
antibiotic-susceptible bacterium into a 
resistant one



Bacteria:
- are prokaryotes, have a cell 

membrane but lack membrane-bound 
nuclei and other membrane-enclosed 
organelles.

- gram positive and gram negative
- most bacteria synthesize their own 

DNA, RNA, and proteins, but they depend 
on the host for favorable growth 
conditions.







Virulence factors of bacteria
Factors Mechanisms
Attachment to cells and - pili, fimbriae
artificial surfaces - outer membrane proteins

- cell-ass. polysaccharides

Interfere with humoral - destruction of Ig on 
response mucosal surfaces

- resistance to 
bactericidal effect of serum



Factors Mechanisms
Interfere with inflammatory - destruction of 
response leukocytes

Induction of tissue ischemia - activation of clotting 
system

Interfere with cellular physiology
* destruction of cells and tissue by cytotoxin production
* competition with host for nutrients
* resistance to host defenses

Resistance to adverse environmental factors



Chlamydiae, Rickettsiae, Mycoplasma:
- divide by binary fission but lack 

certain structures or metabolic capabilites.
Mycoplasma lack a cell wall
Chlamydia cannot synthesize ATP
Chlamydia and Rickettsiae are obligate 

intracellular organisms.



Fungi:
- eukaryotes
- grow either budding yeast and hyphae 

(septate and aseptate)
- some of the most important 

pathogenic fungi exhibit thermal 
dimorphism; hyphal forms at room 
temperature but yeast forms at body 
temperature



- Tinea; Athlete’s foot
- Sporotrichosis; subcutaneous infection
- Candida, Aspergillus, Mucor; systemic 
fungal infection in immunocompromised 
host



Candida Infection



Protozoa:
- single-celled eukaryotes
- replicate intracellularly (Plasmodium 

in rbc, Leishmania in macrophages) or 
extracellularly in urogenital system, 
intestine, or blood.

- e.g. Trichomonas vaginalis, 
Entamoeba histolytica, Giardia lambia, 
Toxoplasma gondii









Helminths:
- multicellular organisms.
- complex life cycles
- sexual reproduction in definitive host, 

asexual multiplication in intermediate host

Ectoparasites:
- insects (lice, fleas) and arachnids 

(mites, ticks, spiders)





Strongyloides hyperinfection







Pathogenesis of Infectious Disease
- Host
- Pathogen; organism or parasite that 
cause disease 



Host factors:
1. General factors; socioeconomic status, 
behavior pattern, occupational, and 
internal factors

2. Natural defense mechanism; skin and 
normal flora, respiratory tract and 
mucociliary mechanism, Hcl production in 
stomach, or normal flushing action of urine



3. Inflammation; acute inflammation, 
phagocytosis, complement, and 
production of interferon

4. The immune response; HMI and CMI
HMI: Ag & Ab (B-cell)
CMI: T- cell, macrophages
Immunocompetent 
Immunocompromised/ immunodeficiency



Organism factors:
1. Transmission; congenital transfer (Rubella, 
CMV, HIV, HSV), directly contact, fomite, food 
and water, airborne, animal, sexual

2. Spread and dissemination; localized and 
disseminated infection 

- viremia, bacteremia, fungemia, parasitemia
- sepsis is a serious medical condition 

characterised by a whole-body inflammatory
state caused by infection. 



Definition of sepsis
• Sepsis is considered present if infection is highly 

suspected or proven and two or more of the 
following systemic inflammatory response 
syndrome (SIRS) criteria are met:

- Heart rate > 90 beats per minute 
- Body temperature < 36 or > 38 °C
- Hyperventilation (high respiratory rate) > 20 

breaths per minute or, on blood gas: a PaCO2
less than 32 mmHg.

- White blood cell count < 4000 cells/mm3 or >
12000 cells/mm³ or greater than 10% band forms (immature 
white blood cells).



- septicemia (blood poisoning; bacteremia 
with sepsis)

is the presence of bacteria in the blood 
(bacteremia) and is often associated with 
severe disease.

is a serious, life-threatening infection 
that gets worse very quickly.

is considered a subset of sepsis.
It can arise from infections throughout 

the body.



3. Number of organism
-numerous low virulent organism 
can cause severe disease



4. Pathogenicity of organism; 
- ability to invade tissue; S.pyogenase
hyaluronidase breakdown ground substance

- toxin production; C. botulinum neurotoxin

- multiplication
- resistance to host defense mechanism 
- ability to cause necrosis
- enzyme release; anthrax enzyme
vasculitis ischemia



How microorganisms cause disease:
Infectious agents establish infection and 
damage tissues in three ways:
1. They can contact or enter host cells and 
directly cause death
2. They may release toxins that kill cells at 
a distance, release enzymes that degrade 
tissue components, or damage blood 
vessels and cause ischemic necrosis



3. They can induce host cellular responses 
that, although directed against the invader, 
cause additional tissue damage, usually 
by immune-mediated mechanisms. 
Immune are necessary to overcome the 
infection but at the same time may directly 
contribute to tissue damage.



Spectrum of inflammatory responses to 
infection:

1. Suppurative Inflammation; neutrophils
- complication of acute inflammation; 
liquefactive necrosis with abscess 
formation
- extracellular organisms; bacteria
except Samonella typhi – neutropenia, 
macrophages



- acute suppurative; S. aureus, Klebsiella spp

- chronic suppurative; fibrosis, 
microabscess, and sinus draining 
e.g. filamentous bacteria or mycelial fungi 
in Medura foot





2. Chronic inflammation
- chronic granulomatous inflammation; 
Mycobacteria, fungus (Histoplasma, Coccidioides)

- chronic inflammation with diffuse 
proliferation of macrophages; in abnormal 
CMI patient --- no distinct granuloma, foamy 
macrophages with numerous organisms



- chronic inflammation with lymphocytes
and plasma cells; 

- obligate intracellular organisms esp. 
viruses
- effect of CMI and HMI e.g. chronic 
hepatitis
- cell necrosis, fibrosis



- combined suppurative & granulomatous 
inflammation; epithelioid granulomas 
with central neutrophilic abscess, e.g. 
deep fungal infection, 
Lymphogranuloma Venereum, 
Mellioidosis, Cat-scratch disease







Spectrum of tuberculosis



3.Cytopathic-Cytoproliferative Inflammation
- these reactions are usually produced by 
viruses
- cell necrosis or cellular proliferation, 
usually with sparse inflammatory cells
- some viruses replicate within cells and 
make viral aggregates that are visible as 
inclusion bodies (e.g. herpesviruses or 
adenovirus)



- some viruses induce cells to fuse and 
form multinucleated cells called 
polykaryons (e.g. measles virus or 
herpesviruses)

- focal cell damage in the skin may cause 
epithelial cells to become detached, 
forming blisters.



- some viruses can cause epithelial cells to 
proliferate (e.g. veneral warts caused by 
human papillomavirus or the umbilicated 
papules of molluscum contagiosum 
caused by Poxviruses)

- viruses can cause dysplastic changes 
and contribute to the development of 
malignant neoplasms (EBV- Burkitt lymphoma, 
HBV and HCV- Hepatocellular carcinoma)













4. Necrotizing inflammation
- Clostridium perfringens and other 
organisms that secrete powerful toxins can 
cause rapid and severe necrosis.
- because few inflammatory cells are 
present, these lesions resemble infarcts 
with disruption or loss of basophillic 
nuclear staining and preservation of 
cellular outlines.



- Clostridia are often opportunistic 
pathogens that are introduced into muscle 
tissue by penetrating trauma or infection of 
the bowel in a neutropenic host.

- Entamoeba histolytica causes colonic 
ulcers and liver abscesses characterized 
by extensive tissue destruction with 
liquefactive necrosis and without a 
prominent inflammatory infiltrate.



- By entirely different mechanisms, viruses 
can cause widespread and severe 
necrosis of host cells, with inflammation, 
as exemplified by total destruction of the 
temporal lobes of the brain by herpesvirus 
or the liver by HBV.



5. Chronic inflammation and scarring
- chronic HBV infection; cirrhosis of liver
- sometimes the exuberant scarring 
response is the major cause of dysfunction 
(e.g., the “pipe-stem” fibrosis of the liver or 
fibrosis of the bladder wall caused by 
schistosomal eggs or the constrictive 
fibrous pericarditis in tuberculosis)



Clinical evaluation:
1. Clinical history

- Prevalence of infectious disease
- Assessment of immune status
- Exposure to animals
- Travel history



Prevalence of infectious disease
- Community-acquired infection
- Hospital-acquired infection/Nosocomial 
infection

Increased susceptibility
Used of invasive procedure
Numerous source of infection
Use of antibiotic

- Opportunistic infections





2. Physical examination
3. Investigation

- Microbiological tests
- Immunological tests
- Histological examination of tissue 
specimens
- Immunohistochemistry, PCR, DNA 
probe, DNA microarray
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