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 ةوعدب يادلاو اوركذا
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Bacteria 

Gram negative , G- Gram positive, G+

Shape Gram stain 

 

History 
Lec 2 

Robert Hooke Francesco Redi Anton van Leeuwenhoek Louis Pasteur Robert kock Aristole 

things generate from non-living 
matters “Spontaneous generation”.

Cell theory – all living things 
are made up of cells , but 
still didn’t see a microbe

they claimed that fresh air was needed for 
spontaneous generation ( challenged the 
theory by an experiment )

 عيضاولماه اوفشتكي اوشلب فيك خيرات دخان انيلخ ، ايريتكبلا نع لمكن ام لبق

!

1st person to see living microorganisms 
He’s the father of microbiology 

Disproving the Theory of 
Spontaneous Generation

Koch’s postulates used to prove that a 
specific microbe causes a specific disease 

 ةطيسب ةايلحا تناك ام مايا

 يدانلا عقوم ؏ كرابت غيرافت نم

Prokaryotic cell 

$

Different cell walls 

Summary 

$

Bacteria’s flagella for motility 

 اي-خلا )عون )ب قرفلا

"

 ابيرقت ويسفلا و ويبلا مايأ هانذخأ يللا سفن

: Pili & fimbriae

Lec 3 

 فل9ا مقر شم ةرضاح9ا مقر ىلع ءانب ميقرتلا

 Cell wall Determines cell shape , Prevents osmotic lysis , Part of cell envelope & in some cases 
recognized by host immune system , the cell wall structure is made up of polymer of disaccharide of N-
acetylglucosamine (NAG) & N-acetylmuramic acid (NAM) Linked by polypeptides

Single celled prokaryotes 

Lipopolysaccharride made up of lipid A and O polysaccharides 

Spiral bacteria has endoflagella 
it’s rotation causes movement 

 مووز  اولمعا
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By Hanadi MJ 



Lec 4 
Generation time  is the time it takes for a single cell to grow and divide

Factors Affecting Bacterial Growth

1) Temperature                                    2) PH                  3) osmotic pressure               4) oxygen                  5) nutrition 

Acidophiles:
 Grow optimally between  
pH ( 0 and 5.5 )

Neutrophiles: 
Grow optimally between  
pH ( 5.5 and 8 ) 
 
Alkalophiles: 
Grow optimally between 
pH ( 8 – 11.5 ) 

Most bacteria grow between 
pH 6.5 and 7.5 

Molds and yeasts grow 
between pH 5 and 6

Human blood and tissues 
has pH 7.2+0.2

Examples : 

 Osmotic pressure 
depends on the surrounding 
solute concentration and 
water  availability 

Osmophiles: organisms 
which thrive in high solute 

Osmotolerant: organisms 
which tolerate high solute

Using oxygen (O2 ) in 
metabolism creates toxic waste 
Microbes that are able to use 
aerobic respiration produce 
enzymes to detoxify oxygen:

Catalase:  
h2o2 > h2o & o2 

Superoxide dismutase (SOD): 
oxygen radical > h2o & o2 

Classification of Organisms Based on O2 Utilization :

Required nutrients: 

Macronutrients : 
Elements required in fairly large 
amounts: Carbon , Nitrogen , 
Sulfur , Phosphorus

 Micronutrients : 
Metals and organic compounds 
needed in very small amounts, 
usually as enzyme and cofactors: 
Calcium, Copper, Iron, 
Magnesium, Manganese, and
Iron

Special requirements
Amino acids , Nucleotide bases , 
Enzymatic cofactors or “vitamins”

Remember 

$

Methods Used to Measure Microbial Growth : 
Count colonies on plate or filter (counts live cells) , 
Microscopic counts ,  Mass determination 
Turbitity , Measurement of enzymatic activity or other cell 
components

 ثيحب ةدحو لكل فيفخت تلمع امدعب ةنيع لك عرزا  يدب
   اهدعا  ردقا اهفوشأ تاعومجم يدنع ريصي

  Microbial growth or Binary Fission 

 دمحم انديس ىلع ّلص مهللا
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 وركيالما ىلع سكتنج ةيوش لخدن لاي

!$
Lec 5

Introduction : Bacterial genome includes Chromosome & DNA Plasmid 
Genetic information is stored in DNA sequences found in : 1. Chromosomes 2. Plasmids
 

Genetic information is encoded in DNA, transcribed into mRNA, translated on ribosomes through 
tRNA into various protein, polypeptides /structures and enzymes with diverse functions

Plasmid : Extra-chromosomal piece of circular double-stranded autonomous DNA , Replicate by itself,  It often carries 
nonessential genes such as resistance to antibiotics, virulence factors (enterotoxin, adhesion factor).  Each contains  5-100 genes 

Genetic change:  A major mechanism for the appearance of new pathogens/toxigenic strains, Development of 
antimicrobial resistance and can occur and become widespread over a short period of time 

  By Mutations and genetic variation Genetic recombination 
Random, heritable, undirected variation due to a 
change in the nucleotide sequence of DNA .
Addition, deletion or substitution of a base pair 
1. Spontaneous mutation 
2. Induced mutation  -mutagens

Three processes bring bacterial DNA from different 
individuals together:
Transduction: Bacteriophages (bacterial viruses) 
transfer bacterial genes from one host cell to another 
Transformation: Alteration of a bacterial cell’s 
genotype 
and phenotype by the uptake of naked, foreign DNA 
from  surrounding environment  
Conjugation: Direct transfer of DNA between live 
bacterial  cells that are temporarily joined

Transduction

 Transformation    

Conjugation

 يدانلا عقوم ؏ كرابت غيرافت نم












































































































Sterilization lec 6

Note : British physician Joseph Lister (Father of antideptic)

GENERAL  MECHANISMS  OF  BIOCIDE  ACTION
Disruption of  the  Cell  Membrane  or  Wall
Protein  Denaturation 
Disruption of Free  Sulfhydryl  Groups 
Damage  to  DNA
Chemical Antagonism

Physical Methods
    Moist heat                                                                                    Low temperature.                             Filtration.                                Radiation 

Boiling at 100°C:
Effective against most
vegetative cells; ineffective against spores;
unsuitable for heat sensitive chemicals & many foods  
Autoclaving/pressure canning:
Temperatures above 100°C achieved by
steam pressure Most procedures use 121.1°C, achieved at
approx. 15 psi pressure, with 15 - 30 min
autoclave time
Pasteurization:
Used to reduce microbial numbers in milk
and other beverages while retaining flavor and food quality
Traditional treatment of milk, 63°C for 30 min
 Flash pasteurization (high-temperature
short term pasteurization); quick heating to
about 72°C for 15 sec, then rapid cooling

Dry heat 

Incineration
Burner flames
Electric loop incinerators
Air incinerators 
Oven sterilization
Used for dry glassware & 
heat-resistant
metal equipment Typically 2 hr 
at 160°C is required to kill 
bacterial spores by dry heat

Refrigerator:
around 4°C
inhibits growth of mesophiles or 
thermophiles;
psychrophiles will grow
Freezer:
“ordinary” freezer around -10 to -20°C
“ultracold” laboratory freezer typically 
-80°C
Generally inhibits all growth; many 
bacteria and other
microbes may survive freezing 
temperatures

Used for physically removing microbes 
and dust particles from solutions and 
gasses; often used to sterilize heat-
sensitive solutions or to provide a
sterilized air flow 

Depth filters: Thick porous filtration 
material (e.g., cellulose), Larger pores  
Membrane filters: Small pore size 
(0.2 µm) to remove bacteria, Thin, eg. 
Nitrocellulose 
 HEPA filters: High efficiency 
particulate air filters used in laminar 
flow biological safety cabinets

Ultraviolet Radiation : 
 DNA absorbs ultraviolet 
radiation at 260 nm wavelength 
& This causes damage to DNA 
in the form of thymine dimer 
mutations  & it’s Useful for 
continuous disinfection of work 
surfaces

Ionizing Radiation :
Gamma radiation produced by 
Cobalt-60 source
Powerful sterilizing agent; 
penetrates and damages both
DNA and protein; effective 
against both vegetative cells 
and spores
Often used for sterilizing 
disposable plastic labware

Chemical agents 

Phenolics Alcohols Halogens Heavy metal Quaternary 
Ammonium compounds 

Aldehydes 

Aromatic organic
compounds with attached -OH
Denature protein & disrupt
membranes
Commonly used as
disinfectants e.g. “Lysol”

Ethanol; isopropanol;
used at concentrations 
between 70 – 95% that 
Denature proteins;
disrupt membranes & 
Kills vegetative cells of
bacteria & fungi but not 
spores 

Act as oxidizing agents; 
oxidize proteins & other
cellular components as 
Chlorine compounds 
( disinfectant ) and iodine 
compounds ( antiseptics )  

Mercury, silver, zinc, 
arsenic, copper ions it Form 
precipitates with cell proteins 

Quaternary ammonium compounds 
are cationic detergents they 
Denature proteins and disrupt 
membranes 

Formaldehyde and 
gluteraldehyde React 
chemically with nucleic acid 
and protein, inactivating them 

Remember 

%

 يدانلا عقوم ؏ كرابت غيرافت نم

Protein Denaturation and 
membrane disruption 

 ةءارق

Toxic 












































































































Lec 7 : Diagnosis of microbial growth 

Antigen: any “thing”, foreign to the immune
system. e.g. bacteria, viruses, (or their parts) 
Antibody: proteins produced  by the immune system 
which help defend against antigens
Antigen/antibody interaction 
To visualize antigen-antibody interaction mutiple 
strategies can be applied: as Agglutination

Molecular methods make the species specific DNA
visible . In PCR , Sequence specific primers are 
used in the amplification of DNA or RNA of 
specific pathogens. 

  اهدعب و ٨ةرضاحم نم وه صيخلت  جاتحم دج يللا مومعلاب هنلأ ةقيرطلا ياهب ةرضالمحا ياه كلّسا تيرطضا : ةظحلام

Summary 

%

 مهرصنا و ةّزغ لهأ بولقب ربجا و مهللا ، دمحم انديس ىلع ّلص مهللا

"

 
  دجنع وركيالماب شلبن حر ةرضالمحا ياه نم
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Staphylococcus aureus 

Clinical presentations 

$

Laboratory diagnosis 

$

Staphylococci are gram-positive cocci  which 
are Spherical cells arranged in irregular 
clusters (grape like clusters) . They’re Common 
inhabitant of the skin and mucous 
membranes , Lack spores and flagella ,  May 
have capsules , Catalase-positive , About 40 
species one common is S.aureus 
And other 2 species in the pic ( zoom in ) 

%

The Genus is Staphylococcus and it has 
40 species, how are they classified ? 
Based on coagulase production:     
1. Coagulase-positive:  Staphylococcus aureus  
2. Coagulase-negative: Staphylococcus epidermidis                                            
Staphylococcus saprophyticus 
 Based on pathogenicity:      
1. Common pathogen: S. aureus     
2. Opportunistic pathogens: S. epidermidis   & S. saprophyticus     
3. Non pathogen: S. homonis

Infections:  1 ) Skin and soft tissue: Folliculitis, furuncle (boil),
carbuncle, styes, abscess, wound infections, impetigo
 2) Musculoskeletal: Osteomyelitis, arthritis, bursitis 
3) Respiratory: Tonsillitis, pharyngitis, sinusitis, otitis,
 infection bronchopneumonia, lung abscess, empyema 
4) Central nervous system: Abscess, meningitis  
5) Endovascular: Bacteremia, septicemia, endocarditis 
6) Urinary: Urinary tract infection 
Intoxications:  1)  Food poisoning 2) Toxic shock syndrome 
3) Staphylococcal scalded skin syndrome

1: folliculitis 
2: furuncle 
3: carbuncle

Staphylococcal Toxic Shock Syndrome (STSS): 
Menstrual associated STSS
Staphylococcal Scalded Skin Syndrome (SSSS):

 Exfoliative toxin produced by 
S.aureus is responsible for this 

occurs in the vagina of menstruating woman

It is fatal multisystem disease 

1. Specimens collected:  Pus, sputum, blood, stool 
 for the detection of carriers- Nasal swab
 2. Gram Stain: Gram-positive cocci in grape like clusters
 3. Culture: Culture media: 
Non selective: Nutrient agar, Blood agar, MacConkey’s agar 
Selective media: Mannitol Salt Agar 
Culture conditions: Ambient conditions, 37 °C, 18-24 h 
Colonial morphology: 
Nutrient agar- golden yellow pigments
 MacConkey’s agar- small & pink in colour 
Blood agar- most strains produce β- haemolytic colonies
Biochemical tests: 
Catalse -positive , Coagulase-positive , Ferments mannitol
Drug resistance is common ( we may use penicillin, 
cloxamicillin,methicillin,vancomycin , but there still may be 
resistance to them as MRSA

Lec 8 ( file 7 )  Gram +ve cocci 

General characteristics 

$

Optimum temperature of 37 Celsius 
Coagulase-positive 
Facultative anaerobe
 Withstands high salt, extremes in pH and high temperatures 
Produces many virulence factors

Epidemiology : 

$

 
Source of infection:
  A) Exogenous: patients or carriers  
 B) Endogenous: from colonized site
Mode of transmission:
 A) Contact: direct or indirect  
 B) Inhalation of air borne droplets
 

Virulence factors 

$

Cell associated factors: 
A) Cell associated polymers      
1. Cell wall polysaccharide  2. Teichoic acid  3. Capsular polysaccharide 
B) Cell surface proteins     
1. Protein A    2. Clumping factor (bound coagulase)
Enzymes :  
Coagulase – coagulates plasma and blood
Hyaluronidase – digests connective tissue 
Staphylokinase – digests blood clots  
DNase – digests DNA DNA 
Lipases – digest oils; enhances colonization on skin  
Penicillinase – inactivates penicillin  
Toxins: 
Hemolysins (α, β, γ, δ) – lyse red blood cells  
Leukocidin – lyses neutrophils and macrophages 
Enterotoxin – induce gastrointestinal distress 
Exfoliative toxin – separates the epidermis from the dermis   
Toxic shock syndrome toxin (TSST) – induces
fever, vomiting, shock, systemic organ damage

 نم ينيناتلا ينعونلا ، لماك aureus وه و عون لوا ةلماش ةحفصلا ياه
staphylococcus صيخلت ينجاتحم شم ةروصلاب  مهيه 












































































































Lec 9 , cont of Gram +ve cocci : streptococcus 

 يدانلا عقوم ؏ كرابت غيرفت نم

Streptococcus 

Oxygen requirements 
Serology 

Hemolysis on blood agar

1.Anaerobic (Peptostreptococcus) 
2. Aerobic or facultative anaerobic (Streptococcus) 

Classification based on C- carbohydrate antigen of cell wall
Groupable streptococci
A, B and D (more frequent)
 C, G and F (Less frequent)
Non-groupable streptococci
S. pneumoniae (pneumonia) & viridans streptococci 
: causing S. mutans & Causing dental carries

Partial 
hemolysis with 
green 
discoloration 
around the
colonies 

Complete 
hemolysis with 
clear zone of 
hemolysis 
around the 
colonies 

No lysis 

non-groupable 
streptococci : 
 S. pneumoniae 
& S. viridans

Group A & B : 
S. pyogenes & 
S. agalactia 

Group D 
Enterococcus 
spp

Group A include only S.pyogenes 
Virulence factors : 
Structural components (cross reactivity)
M protein-interferes with lysis of the bacteria, Lipoteichoic acid &
 F protein-adhesion, Hyaluronic acid capsule 
Enzymes-facilitate the spread of streptococci through tissues : 
Streptokinases, Deoxynucleases, C5a peptidase
Pyrogenic toxins mediates bacteremia and shock 
Streptolysins (lyse red blood cells, white blood cells, and platelets) : 
Streptolysin O , Streptolysin S
Disease caused by S. pyogenes
• Suppurative : 
• Non-Invasive
Pharyngitis “strep throat” & Skin infection: Impetigo
• Invasive
Scarlet fever-rash that begins on the chest and spreads across the body 
Pyoderma- pus-producing lesion that usually occurs on the
face, arms, or legs 
Necrotizing fascitis-toxin production destroys tissues and
eventually muscle and fat tissue (flesh eating bacteria)

• Non Suppurative :  Rheumatic fever & Glomerulonephritis

Group B include S. agalactiae

Infections : 
Nenistal disease on early and late onset 
Others : UTI’s , systemic, cutaneous 

Group D is divided into : 

 that will grow in 6.5% saline (enterococci) 
those that will not (non-enterococci) 

Associated infections: 
Bacteremia 
Urinary tract infections 
Wound infections 
Endocarditis

By S. pyogenes

Streptococcus Pneumonia 

General characteristics : 
Inhabits the nasopharyngeal areas of healthy 
individuals
Typical opportunist
Gram-positive diplococci 
Virulence factors : 
Polysaccharide capsule 
Clinical infections : 
Pneumonia, Meningitis , Bacteremia , and 
Sinusitis/otitis media












































































































Lec 10 : Gram -ve Cocci Neisseria 

 ةوعدب يادلاو اوركذا

&

Neisseria gonorrhoeae ( gonococcus ) 

General characteristics: 
Structure: 

Epidemiology & Pathogenesis : 
Virulence factors : 

Other tests : 

Laboratory diagnosis :  

Gram-negative cocci often arranged 
in pairs (diplococci) 
Oxidase positive 
Most catalase positive 
Non-motile 
non spore forming 
Sensitive, aerobic but grow better 
with low CO2

Pili (N-methylphenylalanine) 
Outer membrane: 
1. Phospholipids 
2. Proteins: Outer membrane 
proteins (OMP I, OMP II, Opa) 
3. Lipopolysaccharide (LPS) mainly 
as lipooligosaccharide (LOS) 
Antigenic variation: Pili, OMPs, LOS

Not part of normal human flora, only fond 
in mucous membranes of genitalia, anorectal 
area, oropharynex or conjunctiva during 
infection  Transmission primarily by sexual 
contact or from infected mother during 
birth , Asymptomatic carriage is a major 
reservoir & reinfection can occur  

Attachment and invasion: pili and outer membrane
protein help the bacteria to attach
Survival and multiplication : 
in the submucosa to establish infection
Spread and dissemination: The bacteria cause 
local cell injury and inflammatory response
Most common sites of inoculation:
• Cervix (cervicitis) or vagina in the female
• Urethra (urethritis) or penis in the male

N. gonorrhoea  secrets IgA protease that 
inhibit IgA antibodies function 
Outer membrane proteins: 
1. Prevents phagolysosome and promotes 
intracellular survival 
2. Mediates firm attachment to epithelial 
cells and subsequent invasion into cells
3. Protects other surface antigens from 
bactericidal antibodies 
Lipooligosaccharide (LOS) (Lipid A) has 
endotoxin activity Acquisition of antibiotic 
resistance:
1. Plasmid-encoded beta-lactamase 
production
2. Chromosomally-mediated changes in 
cellular permeability inhibit entry of 
antibiotics

• Gram Stain: Grame –ve diploccoci inside 
polymorphonuclear leukocytes 

• Culture : Media:
Thayer Marten Media (TM): 
Enriched chocolate agar with antimicrobial colistin (to 
inhibit G- bacili) nystatin (to inhibit yeast) and 
vancomycin (to inhibt G+ bacteria) 
Modified Thayer Marten Media (MTM): 
as above plus trimethoprim (to inhibit proteus)
Martin Lewis medium (ML): 
same as above except that anisomysin is substituted 
for nystatin and vancomycin concentration is increased
Colonial appearance: Small,  grayish white, convex, 
translucent, shiny, with smooth or irregular margins 

Resistance to pencillin is quite 
common due to production of 
beta-lactemase but Resistance to 
ceftriaxone is not described 

Oxidase positive 
Glucose fermentation positive 
(while maltose and lactose 
fermentation is negative) 
Nitrite reduction negative












































































































Lec 11 ةوعدب يادلاو اوركذا &
Neisseria meningitides( meningococcus) 

General characteristics: Structure: 

Epidemiology & Pathogenesis : Virulence factors : 

Clinical presentation

Laboratory diagnosis :  

Encapsulated small, gram-negative diplococci 
Oxidase positive , Catalase positive 
Can be a member of the normal flora of the upper 
respiratory tract
Causes life-threatening disease when the bacteria 
invade the blood or cerebrospinal fluid CO2 
enhances growth but is not absolutely required 
Less sensitive than Niesseria gonorrhoeae 
Have a well developed highly antigenic capsule

 Pili: attachment and enhance virulence 
Outer membrane: 
1. Porins
2. Outer membrane proteins (OMP) 
3. Lipooligosaccharide (LOS) 
Capsule contains polysaccharide with 
more than 13 known antigenic types 
Types A, B, C, Y & W135 are more 
commonly associated with human 
disease

Neisseria meningitidis found as nasopharyngeal
flora in 10% of healthy individuals 
Transmission occurs by inhalation of respiratory droplets 
The most common cause of meningitis in under
20 and the second most common cause after 
pneumococci in all ages  

Pili-mediated, receptor-specific 
colonization of nonciliated cells 
of nasopharynx 
Antiphagocytic polysaccharide 
capsule allows systemic spread 
in absence of specific immunity 
Toxic effects mediated by 
hyperproduction of
lipooligosaccharide (Endotoxin) Replicate intracellularly and migrate to subepithelial 

space , Organisms are internalized into phagocytic 
vacuoles, avoid intracellular killing and primarily infect 
the CNS to cause acute meningitis withh bacterremia

Immunity :  Absence of antibody correlates 
with susceptibility

Meningitis:
Fever, fatigue, weakness
 CNS: convulsion, motor disability, loss of 
consciousness 
Thrombocytopenia results in bleeding and 
skin petchiae
Disseminated intravascular coagulation (DIC) 
Fatal if not treated early

Specimens: pharyngeal swab, cerebrospinal 
fluids, skin lesions and blood 

Gram stain : encapsulated, small, gram 
negative diplococci and polymorphonuclear 
leukocytes (PMN’s) can be seen
microscopically in cerebrospinal fluid (CSF)
Culture same as previous 

Biochemical Tests : 
Oxidase positive
 Glucose and maltose fermentation positive
 (while lactose fermentation is negative)
Nitrite reduction negative

Immunological test not recommended ,and for antibiotics 
Chloramphenicol or cephalosporins can be used

penicillin can be used, but we 
need something stronger












































































































Lec 12 Gram negative bacilli 
   Haemophilus, bordetella , Pseudomonas

Haemophilus

General characteristics & Epidemiology Virulent factors & vaccinations Laboratory diagnosis & treatment 

Bodetella

Pseudomonads

Aerobic gram-negative bacilli/coccobacilli liking 
blood & Are Major pathogens for which humans 
are natural hosts : 
1. Haemophilus influenzae 
2. Haemophilus ducreyi-induce sexually 
transmitted diseases (chancroid) 
are Non motile & H. influenza has a 
polysaccharide capsule with six different 
serotypes (a-f) … 95% of invasive disease are 
caused by type b (Hib) which contain 
polyribose-ribitol phosphate (PRP) capsule 

Epidemiology 

$

Transmitted via respiratory droplets, or direct 
contact with contaminated secretions & is 
Normal flora of the human  respiratory tract 
and oral cavity 

Antiphagocytic polysaccharide capsule is the major 
pathogenesis factor 
lipid A component from the cell wall 
(major role in non capsule strains) 
All virulent strains produce neuraminidase and an IgA protease
Pathogenesis: Organism colonizes nasopharynx followed by :
1. Local invasion: otitis media and sinusitis 
2. Systemic invasion: …bacteremia…meningitis

Vaccinations 

$

Pre-vaccination: Meningitis
Post-vaccination: Most cases in unvaccinated 
Non-encapsulated, non-typeable strains and
serotype f are the most common 
Children - Pneumonia and meningitis are less common
Hib are among the commonest causes of bacterial otitis media 
and sinusitis

Gram stain: Gram-negative bacilli/coccobacilli 
that Requires 2 erythrocyte factors for 
growth: X (hemin) and
V (NAD)… X & V factors are released 
following lysis of RBCs 
Culture:  IsoVitaleX-enriched chocolate agar 
& Blood agar with S. aureus 
Biochemical tests:    
Catalase, oxidase, nitrate reduction, and 
glucose fermentation are all positive 
Iridescence: different colors on transparent 
media due to the optical properties of the 
capsule 
Serological tests for serotyping (anti-a, .. )

Treatment 

%

 
Treatment with an effective 3rd generation
cephalosporin , Ampicillin-resistant strains 
now common , Prevention by vaccination

General characteristics & transmissions Clinical presentation : Whooping cough
Laboratory diagnosis & treatment 

Gram–negative coccobaccili (rod-shaped) single or paired & 
Obligate aerobe, Optimum growth 35-37 °C , grow better 
on media with a slightly acidic reaction
Colonizes the respiratory tract . Incidence dropped 
significantly after vaccination & is Specific to human hosts 
& The main species : 
1. B. pertussis: whooping Cough (Pertussis) 
2. B. parapertussis  & 3. B. bronchiseptica

Transmission 

%

 
Spread through direct contact of respiratory secretions 
Most contagious during first few days of infection  
Resides in upper airway pathways, mostly the trachea and
bronchi & is very contagious

Incubation period 4-21 days 
3 Stages: 
1. Catarrhal Stage 1-2 weeks: runny nose, 
sneezing, low fever, and a mild cough
 (common mistaken for cold) 
2. Paroxysmal Stage 1-6 weeks: whooping cough, 
which consists of bursts of numerous, rapid 
coughs, that end with a long inspiratory effort 
with high pitched whoop, severity of the infection 
is at its greatest 
3. Convalescent Stage:  weeks-months, gradual 
recovery starts

1 Specimen:  posterior nasopharynex 
2. Gram stain: Grame-negative coccobacilli 
3. Culture:
 Media: Bordet-Gengou, or charcoal agar
 4. Polymerase Chain Reaction: rapid, specific 
5. Bordettela antibodies detection by ELISA 
6. Slide agglutination

Treatment 

%

 
Antibiotic Therapy : 
Erythromycin, Azithromycin ,  Clarithromycin 
Pertussis vaccine : 
1st Pertussis vaccine , Acellular vaccine , 
Combination vaccines 
CDC recoomends children be given the 
Diphtheria, Tetanus, and Pertussis (DTaP) vaccine 

General characteristics & Epidemiology 
Virulence factors 

Clinical presentations 
& Laboratory diagnosis P. aeruginosa is the most common pseudomonad 

Gram-ve rods arranged in pairs & are Motile by 
single or multiple polar flagella
 Non-fermentative , Oxidase-positive
obligate aerobes .. Some strains are mucoid contain 
(polysaccharide capsule) 
Pseudomonads produce diffusible pigments, as: 
1. Blue pyocyanin 2. Yellow fluorescein
3. Reddish-brown pyorubin 4. Black pyomelanin

Epidemiology 

$

 
Habitats in soil, water and plants 
Rarely a part of normal flora in healthy individuals 
Transmission by: 
Ingestion or exposure to contaminated stuff 
rarely transmitted by p2p

Polysaccharide capsule:
 Mediated bacteria adhesion  

to epithelial cells, prevent phagocytosis and 
inhibits antibiotics  
Endotoxin (lipid A) & Exotoxin A disrupts 
protein synthesis by blocking peptide chain 
elongation leading to necrosis >The toxin is 
also immunosuppressive 
Pyocyanin : Can mediate tissue damage
Exoenzymes S and T: Cause epithelial cell 
damage

 Elastases: Cause damage to elastin-
containing tissues and lung parenchymal
Alkaline Protease: Causes tissue destruction 
and interferes with host immune response 
Phospholipase C: Heat-labile hemolysin 
Rhamnolipid: Heat-stable hemolysin
Resistance to antibiotics:

 P. aeruginosa is one of the most resistant 
bacteria to many groups of antibiotics 
Mechanism of resistance: 
Mainly due to outer membrane porin proteins
mutation & Production of many β-lactamases 
and carbapenemase 

Specimens:  according to infection
 Gram stain: Gram-negative bacilli 
Culture: nutrient or blood can grow at 42 °C 
Green color and fruity smell & for Biochemical tests: 
Oxidase, Catalase, and Nitrate reduction-positive & 
Pyocyanin green pigment production & non fermenters 
Serological test: not usually used 
Antibiotics sensitivity tests: 
to prevent using resistant antibiotics commonly 
associated with P. aeruginosa












































































































Summary 

'

Antimicrobial resistance (AMR) is resistance of a
microorganism to an antimicrobial drug that was originally 
effective for treatment of infections caused by it 
Penicillin G:  when first introduced only 3% of bacteria resistant, 
but now over 90% are resistant

Lec 13 : Anti microbial resistance 

 ام  ةرضالمحا ياه
 حر ف صيخلت اهدب
 اهتاديلاس طحأ
 صيخلتلا ناشع

 لك لمشي
 تارضيالمحا












































































































1 positive staphylococcus 
2 positive streptococcus 
3 negative cocci neisseria 
4 negative bacilli
5 negative enterobacteriaceae 
6 positive bacilli 
7 mycology 

 و دمحم  روتكد ةدام لك صيخلتب يرود صلخ نوكيب كيه
 اوسنت لا ، لوده ينتحفصلاب ةيجراخ صيخلات تيطح
 اوصلخت سب مهلوعجرت

 تارضالمحا بيترت












































































































 انتارضاحم  ةلماش صيخلاتلا ياه
 اهلتلصو ام ةسل ءايشأ في ول ىتح

صيخلتلاب

 صيخلاتلا يوسنب و مكارتلما ينكرات ،   مكتاوعد 
'❤










































































































رح يكمل معكم زميلي عمر دعباس من ١٤ ل ١٨ 



I           H2S +ve bacteria produce black colonies.

Lactose fermentation +ve appear pink on MacConkey’s agar, and lactose 
fermentation-ve appear yellow.

E. Coli O antigen-LPS
H antigen-flagella
K antigen-capsule

CNF: α-β toxin that disrupts 
G protein signaling, causing 
apoptosis & cytoskeleton 
arrangements.

Stx: binds to 28S rRNA and 
inhibits protein synthesis . 
Its B unit binds to Gb3 
receptor

LT: A-B toxin that increases 
cAMP in the cell, which opens 
chloride channels

ST: small peptide that increases 
cGMP in the cell, pumps 
electrolytes out

α-hemolysin, protein 
synthesis inhibitor, toxins that 
alter messenger pathways











































































































Lec 14 



Uropathogenic E. Coli (UPEC): Most common cause of UTI

ETEC

EIEC

EAEC
























































































By Omar Debas  



Salmonella alters 
the cell 
architecture of M 
cells by creating 
“ruffles” which 
endocytose the 
organism and the 
salmonella enters 
the lamina propria 
where they are 
phagocytosed. 
Typhi salmonella 
continue on by 
surviving inside 
the macrophage 
and replicating.

Fever and headache, 
slow pulse, chest and 
abdominal rash. Initial 
constipation followed by 
diarrhea. 
Chronic infection can lead 
to myocarditis, 
encephalopathy, 
intravascular coagulation.
After progressing for over 
weeks, a hemorrhage 
may occur in the terminal 
ileum or proximal colon.

Salmonella

Typhi Non-typhi
(S. enterica) 

Mutual

Contains Vi antigen
Causes typhoid 
fever (enteric fever):

No vi antigen 
stops at the 
mucosa and 
submucosa 
causes 
gastroenteritis

The vi antigen resists 
phagocytosis and allows 
intracellular replication. 
S. Typhi causes chronic 
infection of biliary tree 
and uronary tract.

Strictly human

Animals and 
humans



Corynebacterium: pleomorphic gram +ve 
bacilli
Diphtheroids: Aerobic, Normal Flora; 
Respiratory, Urinary tract and Skin. Mostly 
Nonpathogenic. 
Corynebacterium diphtheriae:
Diphtheria is an acute, serious, highly 
infectious disease. Strains are facultative 
aerobes, Non-motile, Non-sporing bacilli 
that appear like Chinese characters. 

 Diphtheria toxin (DT): inhibit cytoplasmic 
protein synthesis irreversibly by targeting 
elongation factor 2 (EF2).
Results in inflammation and Necrosis in 
the throat, pharynx and larynx 
(pseudomembranes), with myocarditis 
having a high fatality.

Pharyngitis, tonsillitis, Gray-white 
psudomembrane, cervical adenitis (bull 
neck).
complications: mechanical obstruction, 
myocarditis (2-3w), cardiac enlargement, 
arrhythmias, CHF

Gram stain, direct smear and throat 
culture on blood tellurite medium

Small Bacilli, flagellated, motile at 37°C ,
but active tumbling motility at 25°C. Catalase positive, Grow slowly in 
cold even below zero. Foodborn transmission. Transmitted 
transplacentally to the fetus and causes stillbirth.
It causes Invasive Infection (listeriosis), Septicemia, Meningitis and 
Abortion.

Corynebacterium diphtheria

Listeria monocytogenes



 Food-borne botulism. BT: resistance to GI enzymes. No 
change in food (doesn’t spoil)
Home canned, green bean, fish, mushroom
The most potent toxin in nature (a Heat-Stable Exotoxins- 
Protein (20min /100C))
Metaloprotease act on NM junction
Block release of NTM Acetyhcoline at presynaptic
membrane causing flaccid paraysis of motor system. 
Botulism: Clinical symptoms begin 18-36 hours after toxin
ingestion with:
weakness, dizziness, dryness mouth, Nausea, Neurologic 
features.. blurred vision, inability to swallow, difficulty in 
speech, weakness of skeletal muscles and Respiratory 
Paralysis
Diagnosis: Clinical Features.. Rare Toxin Detection
Feeding honey to infants can result inbotulism

Tetanus is a highly fatal disease with a High Mortality rate, 
Localized infection/Surface or Deep in Tissues,
Wound: puncture wound with a splinter, unskilled abortion, 
female circumcision.
Release potent neurotoxin (Tetanus toxin / tetanospasmin) 
produced when spores germinate and vegetative cells grow 
in necrotic tissues.
The organism multiplies locally and symptoms appear 
remote from the infection site. 
Toxin:
NTM: glycine and gamma aminobutyric acid and affects 
inhibitory neurons
Unopposed firing of active motor neuron resulting in spasm, 
spasmatic paralysis (botulism: flaccid paralysis)
masseter muscle affected first, unable to open mouth (lock 
jaw) or trismus.

Gas gangrene:
Traumatic wound and muscle 
damage, compound wound and 
bullet wound.
Food poisoning, intense watery 
diarrhea, but No Fever.
 

Antibiotic associated diarrhea (10 
Days after anti- biotic) causing 
overgrowth of C. difficile.
Pseudomembraneuse 
Colitis..Bloody Diarrhea ( lethal 
inflammation of colon, toxic 
megacolon).
Treatment: Stop Antibiotics, Give 
metronidazol Vancomycin.
   



The natural habitat of most fungi is the environment. 
An important exception is Candida albicans, which 
is part of the normal human flora.

Fungi are Eukaryotic organisms
1. Have a true nucleus with nuclear membrane.
2. Have membranous organelles 
3. Their cell membrane containing ergosterol. 
4. Their cell wall consists mainly of polysaccharides: 
a) Chitin b) β-glucan
β-glucan is the target of the antifungal drug, 
Echinocandin (e.g.Caspofungin)
5. Cryptococcus have an antiphagocytic 
polysaccharide capsule

Mold (filamentous fungi):
They are multicellular fungi which 
produce hyphae (i.e) microscopic 
long branching filaments.
There are 2 types:
a-Molds with septate hyphae (i.e) 
with cross walls in hyphae. 
b-Molds with aseptate hyphae 
(i.e) without cross walls in hyphae.
Mycelium: a mass of hyphae.
Example: Dermatophytes, 
Madurella & Aspergillus.

Yeasts (Budding fungi):
Oval or rounded single cells, 
reproduce by budding 
(blastospore). 
Have NO hyphae, but some 
yeasts may have elongated 
budding cells linked in branches 
called pseudo-hyphae.
Example: Candida and 
Cryptococcus.

Dimorphic fungi: (Dimorphism)
Some fungi can occur in 2 
different forms: ➢In nature or in 
culture at room temperature, they 
occur in a filamentous form 
(molds).
In infected tissues or when 
incubated at 37°C they occur in a 
yeast form. 
Example: Histoplasma 
capsulatum & Sporothrix 
schenckii

(1) Sexual reproduction (perfect fungi):
When two parents' spores combine to produce a zygospore.
(2) Asexual reproduction (imperfect fungi):
Most of the common pathogenic species are imperfect fungi and propagate by forming 
conidia (Asexual spores).



Affect the skin and / or mucous membrane, hair or nails. 

Pityriasis versicolor (Tinea Versicolor):
Caused by Malassezia furfur, Affect the skin and the 
infected areas are
recognized by their de-pigmentation especially on tanned 
skin in the summer, usually asymptomatic, only cosmetic 
importance.

Candidiasis (Moniliasis):
Caused by Candida, a budding yeast. Candida 
albicans (the commonest cause of candidiasis) is a 
member of the normal flora of the mucous membranes 
of respiratory, gastrointestinal and female genital 
tracts.
Candida albicans are opportunistic fungi which may 
dominate and become associated with pathological 
conditions.

Superficial candidiasis includes:
1- Candidiasis of the skin especially in:
- Axilla, Groin, intergluteal folds, diaper rash (warm, 
moist areas). The lesion is itchy, flat, red with smaller 
"satellite lesions" nearby.
2- Candidiasis of mucous membranes:
- Oral thrush, esophagitis, vaginal thrush.
3- Mucocutaneous Candidiasis. - Angle of the mouth.



Dermatophytes (Ringworm):
They are filamentous fungi and are classified into 3 genera:
1) Microsporum 2) Trichophyton 3) Epidermophyton 

They infect only the superficial keratinized layers of the Skin, Hair and
Nails. They never spread to deeper tissues. Infections are acquired from soil or active 
ringworm lesions (contagious disease). 
The spores settle on the skin, germinate, and form a mass of branching hyphae which-
grows out radially to produce circular or ring-like lesions.

Specimen is placed on a slide with a drop 
of 20% KOH to digest the keratin 
surrounding the fungus.
All species of dermatophytes 
appear as septate hyphae and 
arthrospores.

Culture
On sabouraud’s agar: Incubate at 
room temp (22- 25°C) for up to 3 
weeks

Superficial mycoses pt . 2



These are caused by fungi that grow in soil and on vegetation and 
acquired only when the fungus is implanted into subcutaneous tissues by 
trauma.

Sporotrichosis “Rose gardener's disease”:
Caused by Sporothrix schenckii, a dimorphic fungus. Spores of the mold found 
on rose thorns, hay, sphagnum moss, twigs, and soil, and introduced into the 
skin, typically by a thorn, cuts or abrasions, so, occurs most often in gardeners or 
farmers because they may be stuck by a rose thorn.
It occurs in the form of a local nodule (which may ulcerate) with nodules along the 
draining lymphatics.

Mycetoma
Caused by mold Madurella 
mycetomatis, and the foot is the 
common site affected and is usually 
called "Madura foot".
A localized chronic granuloma with 
progressive destruction of deeper 
tissues.
Mycetoma swelling is nodular and 
contains sinuses which usually open 
on the surface of the skin, 
discharging mucopus containing 
small black granules which are 
compact colonies of the causative 
organism.

Subcutaneous Mycoses



CANDIDIASIS
Systemic (invasive) candidiasis is a serious infection of the blood or other normally sterile 
sites. Affects mostly immunosuppressed and hospitalized individuals.
Candida albicans (budding yeast) is the commonest cause of candidiasis, but C. tropicalis 
and C. parapsilosis are important pathogens also.
Infection is mostly blood borne e.g. Central venous catheters, intravenous drug use, Major 
surgery,..)
Systemic Candidiasis include:
1- Candida bloodstream infection (candidemia).
2- Broncho-pulmonary infection.
3- Endocarditis.
4- Meningitis.
5- Endophthalmitis (infection within the eye).

Laboratory Diagnosis
Specimen: According to the lesion:
- In superficial candidiasis: Skin scraping, vaginal
  discharge, oral swab,..
- In deep candidiasis: Blood, Urine, Sputum,...
Direct microscopy:
In Gram stained film, candida appear as Gram + ve, oval, budding cells with pseudohyphae

Culture:
On sabouraud's agar at 37°C for 1-2 days, colonies are cream colored, pasty, with 
distinctive yeast smell. 
Biochemical reactions:
C. albicans ferment Glucose & Maltose (acid&gas) and Sucrose (acid only).
Serology: A rise in antibody titer is of diagnostic value in diagnosis of deep candida 
infections.

Differential tests:
To differentiate between C. albicans and non-C.albicans species 
1- Germ tube test:
When Candida is grown in human serum at 37°C for 3 hours, they forms a 
germ tubes (tubal outgrowth extending from yeast cells). C. albicans gives 
+ ve test. 
2- Chlamydospore formation:
When candida is cultured on corn meal extract agar medium (deficient 
medium), it produce pseudohyphae and chlamydospores. C. albicans 
gives + ve test.
3 Chrom agar (Indicator media):
Different candidas give different colored colonies.



/

A. fumigatus:
Causes pulmonary 
Aspergillosis, (in patients with a 
pre-existing lung disease). 1- 
Aspergilloma or " Fungus ball":
Fungus grow in a pre- existing 
cavity e.g. T.B. cavity.
X- ray shows fungus ball.
2- Invasive Aspergillosis:
Mainly occurs in 
immunocompromised persons, 
and usually fatal. Fungus 
invades lung tissues giving rise 
to pneumonia and hemoptysis. 
Dissemination to other organs 
occur leading to disseminated 
Aspergillosis
. 3- Allergic bronchopulmonary 
aspergillosis.

A. niger:

Causes otomycosis, chronic 
infection of the external auditory 
meatus.
Manifested by pain, itching and 
ear discharge. 

A. flavus:
Produce aflatoxins 
which cause chronic 
damage & neoplasm in 

liver (Cancer liver)



It is an intracellular mycoses of the Reticuloendothelial system caused by 
dimorphic Fungi called Histoplasma capsulatum.
Infection is acquired by inhalation of the spores. Inhaled spores are 
engulfed by alveolar macrophages, resist intracellular killing and develop 
into budding cells. Spores may spread from the lung to any part of the 
body.
Infection may be either:
Asymptomatic, 
Acute: Due to heavy exposure. Similar to pneumonia,
Disseminated: into reticuloendothelial system with lymphadenopathy, 
enlarged liver & spleen, high fever and anemia.

Specimen is taken from 
sputum, Bone marrow 
aspirate or blood.

In Giemsa stained 
preparations, yeast form 
can be seen intracellular as 
round or oval budding cells.

On sabouraud's agar at room 
temperature for up to 3 weeks produce
filamentous growth.
*A lactophenol cotton blue stained film 
show
septate hyphae and round spores with
finger like projections.



Opportunistic mycoses usually affecting the lungs, brain and meninges, 
Caused by a budding yeast called Cryptococcus neoformans.
Found in large amounts in dry pigeon faeces and this is the main source of 
human infection. Human infection occur by inhalation of yeast cells or its 
spores.
In normal persons the infection may be:-Asymptomatic or mild pulmonary 
symptoms.
 In immunocompromised Persons: A primary pulmonary infection occurs 
and then disseminates mainly to Meninges.
Clinically the commonest manifestation is chronic meningitis with a 
fluctuating course usually called:- "Cryptococcal meningitis ".
It is fatal unless treated.

Specimen: C.S.F. or Sputum.
Direct microscopy:
Yeast cells of cryptococcus 
neoformans can be detected
best in an India ink preparation 
from C.S.F.
-Cells appear rounded 
surrounded by a wide capsule 
(white unstained halo) against a 
black background.

On sabouraud's agar at 37°C for 2-3 
days, colonies are cream colored, 
mucoid & Shiny.
Serology:
Detection of capsular Ag by latex 
agglutination
in C.S.F of patients is of diagnostic 
value.


