
Dr Mohammed Radhi                                                                                         Karama.T.Altaee  
M.Sc. Medical Microbiology                                                                                         M.Sc. Medical Microbiology 
PhD. Molecular Microbiology.UK 

 

1 
 

 
 

Enteric Gram-Negative Rods (Enterobacteriaceae) 
 

  

 INTRODUCTION 
The Enterobacteriaceae are a largest, most heterogeneous collection of medically 
important gram-negative rods, 48 genera, whose natural habitat is the intestinal tract of 
humans and animals.  
The family includes many genera (Escherichia, Shigella, Salmonella, Enterobacter, 
Klebsiella, Serratia, Proteus, and others). 
 - Escherichia coli, are part of the normal flora and incidentally cause disease 
- Salmonellae and shigellae, are regularly pathogenic for humans.  
The Enterobacteriaceae are facultative anaerobes or aerobes, ferment a wide range of 
carbohydrates, possess a complex antigenic structure, and produce a variety of toxins 
and other virulence factors. Enterobacteriaceae, enteric gram-negative rods (enteric 
bacteria), or (coliforms).  
The Enterobacteriaceae are short gram-negative rods (Figure1). Typical morphology is 
seen in growth on solid media in vitro, but morphology is highly variable in clinical 
specimens. Capsules are large and regular in Klebsiella, less so in Enterobacter, and 
uncommon in the other species. 
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 Human pathogen :  
Enterobacteriaceae as a group were originally divided into pathogens and non-pathogens 
based on their ability to cause diarrheal disease of humans.  
The pathogenic most important genera were Salmonella and Shigella. However, it is 
now known that E. coli causes at least five types of gastrointestinal disease in humans. 

 
1.Escherichia coli: 

Most E. coli strains are harmless, there are others that cause disease in humans and 
animals that have evolved to become important pathogens in their own right. Clinically, 
two distinct types of pathogenic E. coli are recognized.  
I- Extra-intestinal pathogenic E. coli (ExPEC) includes those E. coli associated with 

newborn meningitis (NBM) or sepsis and urinary tract infections (UTIs).  
II- Intestinal pathogenic E. coli (IPEC) includes E. coli responsible for a range of 

distinct classes of diarrhoeal disease.  
Pink (lactose positive) colony with surrounding pink area on MacConkey, Ferments 
glucose, lactose, trehalose, & xylose, Positive indole and methyl red tests, Does NOT 
produce H2S or phenylalanine deaminase, Simmons citrate negative, Usually motile, 
Voges-Proskauer test negative. 
 
Infections Caused by Pathogenic E. coli  
E. coli is responsible primarily for three types of infections in humans: urinary tract 
infections, neonatal meningitis, and intestinal diseases.  

The strains that associated with gastrointestinal disease are classified as follow: 
A- Enteroinvasive E. coli (EIEC) : 
Strains belonging to this group are biochemically, genetically and pathogenically closely 
related to Shigella spp. The most common symptom is watery diarrhoea which may 
precede dysenteric stools containing mucus and blood. In severe cases the bacteria may 
attack the colonic mucosa, invading epithelial cells, multiplying and causing ulceration 
of the bowel.  
B-  Enterotoxigenic E. coli (ETEC) : 
Strains belonging to the ETEC pathotype are characterized by the production of at least 
one of two types of enterotoxin: LT (heat-labile enterotoxin) and ST (heat-stable 
enterotoxin). Cause “traveler’s diarrhea”; watery diarrhea without blood; self-limiting; 
usually not identified. 
C-Enteroaggregative E. coli ( EAEC) : 
Cause diarrhea by adhering to the mucosal surface of the intestine; watery diarrhea; 
symptoms may persist for over two weeks, EAggEC (or EAEC) are a major cause of 
chronic infantile diarrhoea and they have also emerged as a cause of diarrhoeal disease in 
adults and children in developed countries. Toxins that have also been associated with 
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strains of EAggEC include an E. coli heat-stable-like enterotoxin termed 
enteroaggregative heat-stable toxin-1 (EAST-1) and a heat-labile toxin.  

D-Enteropathogenic E. coli (EPEC) : 
Primarily in infants and children; outbreaks in hospital, nurseries, and day care centers; 
stool has mucous but not blood; identified by serotyping.  

E-Enterohaemorrhagic E. coli (EHEC) : 
(EHEC serotype 0157:H7) – associated with hemorrhagic diarrhea and hemolytic-uremic 
syndrome (HUS), which includes low platelet count, hemolytic anemia, and kidney 
failure; potentially fatal, especially in young children; does NOT ferment sucrose; 
identified by serotyping. EHECs have emerged as one of the most important threats to 
human health.  

 
Klebsiella: 
It is gram negative , non-motile, capsulate, thick& bacilli producing mucoid pink colonies 
on MacConky  medium, it is found in mucosa of upper respiratory tract, intestinal & 
urinary tract, it is member of Normal flora that may cause sever systemic infection under 
certain condition such as immunocompromise debilitation. 

Klebsiella pneumoniae 
Is the causative agent of pneumonia & lung abscesses also may cause urinary tract 
infections. 
 Virulence factor for Klebsiella pneumoniae 
1-capsular mucoid polysaccharide which can resist to action of phagocytes. 
2-some strain carry plasmid coding for production heat –stable enterotoxine 
3-they contain resistance plasmids (R-plasmids) which gives resistance to antibiotic 
 
2. Proteus: 
Proteus species move very actively by means of peritrichous flagella, resulting in 
"swarming" on solid media unless the swarming is inhibited by chemicals, eg, 
phenylethyl alcohol or CLED (cystine-lactose-electrolyte-deficient) medium. Strains of 
Proteus vary greatly in antibiotic sensitivity. P mirabilis is often inhibited by penicillins; 
the most active antibiotics for other members of the group are aminoglycosides and 
cephalosporins. Proteus species are urease-positive, ferments lactose very slowly or not 
at all.  
Pathogenecity: it is opportunistic pathogen cause urinary tract infection ,may produce  
Pyogenic lesion like abscess infection of wound ,ear or respiratory tract. 
 
4. Shigella—Shigellae are nonmotile and usually do not ferment lactose but do ferment 
other carbohydrates like glucose, producing acid but not gas. They do not produce H2S 
(in triple sugar iron test). The four Shigella species are closely related to E coli.  
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5. Salmonella—Salmonellae are motile rods that characteristically ferment glucose and 
mannose without producing gas but do not ferment lactose or sucrose. Most salmonellae 
produce H2S. They are often pathogenic for humans or animals when ingested.  

 
 

The Triple Sugar Iron (TSI) test is a microbiological test roughly named for its ability to test a 
microorganism's ability to ferment sugars and to produce hydrogen sulfide. It is often used in the 

selective identification of enteric bacteria including Salmonella and Shigella. 
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Antigenic Structure : 

Enterobacteriaceae have a complex antigenic structure. They are classified by: 
 -More than 150 different heat-stable somatic O (lipopolysaccharide) antigens. 
- More than 100 heat-labile K (capsular) antigens. In Salmonella typhi, the capsular 
antigens are called Vi antigens. 
 - More than 50 H (flagellar) antigens .  
 

 
                        Figure : Antigenic structure of Enterobacteriaceae. 

 
 
Colicins (Bacteriocins) 
Many gram-negative organisms produce bacteriocins. These high-molecular-weight 
bactericidal proteins are produced by certain strains of bacteria active against some other 
strains of the same or closely related species. Their production is controlled by plasmids. 
Colicins are produced by E coli. Bacteriocin-producing strains are resistant to their own 
bacteriocin; thus, bacteriocins can be used for "typing" of organisms. 
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Toxins & Enzymes 
Most gram-negative bacteria possess complex lipopolysaccharides in their cell walls. 
These substances, cell envelope (cytoplasmic membrane, peptidoglycan, outer 
membrane) endotoxins.  
Many gram-negative enteric bacteria also produce exotoxins of clinical importance. 

Shigella :The natural habitat of shigella is limited to the intestinal tracts of humans and 
other primates, where they produce bacillary dysentery. 
Morphology & Identification 
Shigella are slender gram-negative rods; coccobacillary forms occur in young cultures. 
CULTURE : 
Shigella are facultative anaerobes but grow best aerobically. Convex, circular, transparent 
colonies with intact edges reach a diameter of about 2 mm in 24 hours. 
GROWTH CHARACTERISTICS : 
All shigella ferment glucose. They do not ferment lactose. Shigellae form acid from 
carbohydrates but rarely produce gas. They may also be divided into those that ferment 
mannitol and those that do not . 
Pathogenesis & Pathology 
Shigella infections are almost always limited to the gastrointestinal tract; bloodstream 
invasion is quite rare. Shigella are highly communicable; the infective dose is on the order 
of 103 organisms (whereas it usually is 105–108 for salmonellae and vibrios). 
 The essential pathologic process is :- 
-Invasion of the mucosal epithelial cells (e.g., M cells) by induced phagocytosis 
-Escape from the phagocytic vacuole. 
-Multiplication and spread within the epithelial cell cytoplasm, and passage to adjacent 
cells.  
Micro abscesses in the wall of the large intestine and terminal ileum lead to necrosis of the 
mucous membrane, superficial ulceration, bleeding, and formation of a 
"pseudomembrane" on the ulcerated area. This consists of fibrin, leukocytes, cell debris, a 
necrotic mucous membrane, and bacteria. As the process subsides, granulation tissue fills 
the ulcers and scar tissue forms. 
Toxins 
Endotoxin : 
All shigellae release their toxic lipopolysaccharide. This endotoxin probably contributes 
to the irritation of the bowel wall. 
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Shigella dysenteriae exotoxin : 
S. dysenteriae type 1 (Shiga bacillus) produces a heat-labile exotoxin that affects both the 
gut and the central nervous system. The exotoxin is: 
 - protein that is antigenic (stimulating production of antitoxin) 
 - lethal for experimental animals. 
- Acting as an enterotoxin, it produces diarrhea as does the E coli Shiga-like toxin 
- inhibits sugar and amino acid absorption in the small intestine.  
-Acting as a "neurotoxin," this material may contribute to the extreme severity and fatal 
nature of S dysenteriae infections. 
 
Diagnostic Laboratory Tests 
Specimens : 
Specimens include fresh stool, and rectal swabs for culture. Large numbers of fecal 
leukocytes and some red blood cells often are seen microscopically.  
Culture : 
The materials are streaked on differential media (eg, MacConkey or EMB agar) and on 
selective media (Hektoen enteric agar or Salmonella-Shigella agar), which suppress other 
Enterobacteriaceae and gram-positive organisms. Colorless (lactose-negative) colonies are 
inoculated into triple sugar iron agar. Organisms that fail to produce H2S, that produce acid 
but not gas in triple sugar iron agar medium, and that are nonmotile should be subjected to 
slide agglutination by specific Shigella antisera. 
Treatment : 
Ciprofloxacin, ampicillin, doxycycline, and trimethoprim-sulfamethoxazole are most 
commonly inhibitory for Shigella isolates and can suppress acute clinical attacks of 
dysentery and shorten the duration of symptoms.  
Salmonella : 
Salmonella are often pathogenic for humans or animals when acquired by the oral route. 
They are transmitted from animals and animal products to humans, where they cause 
enteritis, systemic infection, and enteric fever. 
Morphology & Identification : 
Salmonella vary in length. Most isolates are motile with peritrichous flagella. Salmonellae 
grow readily on simple media, but they almost never ferment lactose or sucrose. They 
usually produce H2S. They survive freezing in water for long periods. Salmonellae are 
resistant to certain chemicals (eg, brilliant green, sodium tetrathionate, sodium 
deoxycholate) . 
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Pathogenesis & Clinical Findings : 
Salmonella typhi, Salmonella choleraesuis, Salmonella paratyphi A and Salmonella 
paratyphi B are primarily infective for humans. The vast majority of salmonellae, however, 
are chiefly pathogenic in animals that constitute the reservoir for human infection: poultry, 
pigs, rodents, cattle, pets (from turtles to parrots), and many others. 
The organisms almost always enter via the oral route, usually with contaminated food or 
drink. The infective dose to produce clinical or subclinical infection in humans is 105–108 
salmonellae (but perhaps as few as 103Salmonella Typhi organisms). Among the host 
factors that contribute to resistance to salmonella infection are gastric acidity, normal 
intestinal microbial flora, and local intestinal immunity. 
Salmonellae produce three main types of disease in humans, but mixed forms are frequent  

1- THE "ENTERIC FEVERS" (TYPHOID FEVER) 
This syndrome is produced by only a few of the salmonellae, of which Salmonella Typhi 
(typhoid fever) is the most important. The ingested salmonellae reach the small intestine, 
from which they enter the lymphatics and then the bloodstream. They are carried by the 
blood to many organs, including the intestine. The organisms multiply in intestinal 
lymphoid tissue and are excreted in stools. 
After an incubation period of 10–14 days, fever, malaise, headache, constipation, 
bradycardia, and myalgia occur. The fever rises to a high plateau, and the spleen and liver 
become enlarged. Rose spots, usually on the skin of the abdomen or chest, are seen briefly 
in rare cases. The white blood cell count is normal or low. the mortality rate was 10–15%. 
Treatment with antibiotics has reduced the mortality rate to less than 1%. 

2- bacteremia with focal lesions 
This is associated commonly with S choleraesuis but may be caused by any salmonella 
serotype. Following oral infection, there is early invasion of the bloodstream (with possible 
focal lesions in lungs, bones, meninges, etc), but intestinal manifestations are often absent. 
Blood cultures are positive. 

3- enterocolitis 
This is the most common manifestation of salmonella infection. Eight to 48 hours after 
ingestion of salmonellae, there is nausea, headache, vomiting, and profuse diarrhea, with 
few leukocytes in the stools. Low-grade fever is common, but the episode usually resolves 
in 2–3 days. Inflammatory lesions of the small and large intestine are present. Bacteremia 
is rare (2–4%) except in immunodeficient persons. Blood cultures are usually negative, but 
stool cultures are positive for salmonellae and may remain positive for several weeks after 
clinical recovery. 
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Diagnostic Laboratory Tests 
Specimens 
Blood for culture must be taken repeatedly. In enteric fevers and septicemias, blood 
cultures are often positive in the first week of the disease. Bone marrow cultures may be 
useful. Urine cultures may be positive after the second week. 
Stool specimens also must be taken repeatedly. In enteric fevers, the stools yield positive 
results from the second or third week on; in enterocolitis, during the first week. 
 
Bacteriologic methods for isolation of salmonellae 
1. Differential medium cultures—EMB, MacConkey, or deoxycholate medium permits 
rapid detection of lactose non-fermenters (not only salmonellae and shigellae but also 
Proteus, Serratia, etc). Bismuth sulfite medium permits rapid detection of salmonellae 
which form black colonies because of H2S production. Many salmonellae produce H2S. 
2. Selective medium cultures—The specimen is plated on salmonella-shigella (SS) agar, 
Hektoen enteric agar, or deoxycholate-citrate agar, which favor growth of salmonellae and 
shigellae over other Enterobacteriaceae. 
3. Enrichment cultures—The specimen (usually stool) also is put into selenite F or 
tetrathionate broth, both of which inhibit replication of normal intestinal bacteria and 
permit multiplication of salmonellae. After incubation for 1–2 days, this is plated on 
differential and selective media. 
4. Final identification—Suspect colonies from solid media are identified by biochemical 
reaction patterns and slide agglutination tests with specific sera. 
SEROLOGIC METHODS 
1. Agglutination test—In this test, known sera and unknown culture are mixed on a slide. 
Clumping, when it occurs, can be observed within a few minutes. This test is particularly 
useful for rapid preliminary identification of cultures. There are commercial kits available 
to agglutinate and serogroup salmonellae by their O antigens: A, B, C1, C2, D, and E. 
2. Tube dilution agglutination test (Widal test)—Serum agglutinins rise sharply during 
the second and third weeks of Salmonella Typhi infection. The Widal test to detect these 
antibodies against the O and H antigens has been in use for decades. At least two serum 
specimens, obtained at intervals of 7–10 days, are needed to prove a rise in antibody titer. 
Serial dilutions of unknown sera are tested against antigens from representative 
salmonellae. False-positive and false-negative results occur.  
Treatment : 
While enteric fevers and bacteraemia with focal lesions require antimicrobial treatment, 
the vast majority of cases of enterocolitis do not. Antimicrobial treatment of Salmonella 
enteritis in neonates is important. In enterocolitis, clinical symptoms and excretion of the 
salmonellae may be prolonged by antimicrobial therapy. In severe diarrhea, replacement 
of fluids and electrolytes is essential. 
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Antimicrobial therapy of invasive Salmonella infections is with ampicillin, trimethoprim-
sulfamethoxazole, or a third-generation cephalosporin. Multiple drug resistance 
transmitted genetically by plasmids among enteric bacteria is a problem in Salmonella 
infections. Susceptibility testing is an important adjunct to selecting a proper antibiotic. 
CARRIERS : 
After manifest or subclinical infection, some individuals continue to harbor salmonellae in 
their tissues for variable lengths of time (convalescent carriers or healthy permanent 
carriers). Three percent of survivors of typhoid become permanent carriers, harboring the 
organisms in the gallbladder, biliary tract, or, rarely, the intestine or urinary tract. 
 
Sources of infection : 
The sources of infection are food and drink that have been contaminated with salmonellae. 
The following sources are important: 
1. Water—Contaminated with feces often results in explosive epidemics. 
2. Milk and other dairy products (ice cream, cheese, custard)—Contaminated with 
feces and inadequate pasteurization or improper handling.  
3. Shellfish—From contaminated water. 
4. Dried or frozen eggs—From infected fowl or contaminated during processing. 
5. Meats and meat products—From infected animals (poultry) or contamination with 
feces by rodents or human 
 
Prevention & Control 
1-prevent contamination of food and water by rodents or other animals that excrete 
salmonellae.  
2-Infected poultry, meats, and eggs must be thoroughly cooked.  
3-Carriers must not be allowed to work as food handlers and should observe strict hygienic 
precautions. 
4-Two typhoid vaccines are currently available: an oral live, attenuated vaccine and a Vi 
capsular polysaccharide vaccine for intramuscular use.  
5-Vaccination is recommended for travelers to endemic regions especially if the traveler 
visits rural areas or small villages where food choices are limited.  
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Fusobacterium  

 



•Fusobacterium spp. can be somewhat variable 
and display a range of  Gram stain in their

cellular morphologies from coccoid, 
pleomorphic spherules (Fusobacterium 
necrophorum) to rod shaped. Rods can be 
short with rounded ends or long and thin with 
pointed ends (F. nucleatum), arrayed end to 
end 

https://www.sciencedirect.com/topics/medicine-and-dentistry/gram-staining


•Although older sources state that 
Fusobacterium is part of the normal 

, the oropharynx flora of the human
current consensus is that 
Fusobacterium should always be 
treated as a pathogen. 

• 
 

https://en.wikipedia.org/wiki/Oropharynx


Fusobacterium necrophorum 

•Gram negative, non spore forming 
anaerobe, fusiform or pointed rod 
bacteria. Its normal inhabitant is the 
alimentary tract of animals and humans, 
the source of infection is always 
endogenous.  

•Virulent spp. Include Fusobacterium 
necrophorum, Fusobacterium equinum, 
and Fusobacterium nucleatu 

 
• 

 



•They differ morphologically and 
biologically. The organism is an 
opportunistic pathogen that causes 
numerous necrotic conditions called 
(necrobacillosis) such as bovine 
hepatic abscesses, ruminant foot 
abscesses and human oral infections. 

 



Pathogenesis 

•The pathogenic mechanism of necrophorum is 
complex and not well defined. Several toxins, 
such as leukotoxin, endotoxin, haemolysin, 
haemagglutinin and adhesin, have been 
implicated as virulence factors. Among these, 
leukotoxin and endotoxin are believed to be 
more important than other toxins in 
overcoming the host’s defence mechanisms to 
establish the infection. 

 



•Diseases 
•Foot abscesses in Cattle and Sheep infection 

of the interdigital and adjacent soft tissues 
and is the major cause of lameness in beef 
and dairy cattle. Foot rot in sheep is a mixed 
bacterial infection of the interdigital skin. 
Thrush (hoof infection) horses caused by F. 
necrophorum. 

 



• Bovine mastitis (summer mastitis) caused by F 
necrophorum alone has been reported F. 
necrophorum is the primary aetiological agent 
of bovine hepatic abscesses, from which it is 
frequently isolated in pure culture.  

• 
 



 

•Diagnosis 
•Gram stain reveals long gram 

negative fusiform rods with 
characteristic beading. 

•Colonies are small, smooth, 
yellowish white, and may be α or β 
hemolytic. 

•: 
 

• 
 



• Treatment : 
• Erythromycin , Tetracycline and penicillin for 

prevention of bovine foot rot in sheep  
• 

 



Antibiotic sensitivity and biochemical 
test 

•As a genus, Fusobacterium is sensitive to 
and resistant  colistin and kanamycin both

. It can be distinguished by its vancomycin to
bile sensitivity. Most species 

butyric  positive and produce indole are
during the fermentation of glucose. acid 

https://www.sciencedirect.com/topics/medicine-and-dentistry/colistin
https://www.sciencedirect.com/topics/medicine-and-dentistry/kanamycin
https://www.sciencedirect.com/topics/medicine-and-dentistry/vancomycin
https://www.sciencedirect.com/topics/medicine-and-dentistry/butyric-acid
https://www.sciencedirect.com/topics/medicine-and-dentistry/indole
https://www.sciencedirect.com/topics/medicine-and-dentistry/butyric-acid


Leptotrichia 
•Leptotrichia species are typically large, 

fusiform-shaped, non-sporulating, and non-
motile rods, facultative anaerobic /  
anaerobic bacteria that are found mostly in 
the oral cavity and some other parts of the 
human body, in animals, and even in ocean 
sediments. All species ferment carbohydrates 
and produce lactic acid that may be involved 
with tooth decay. 



Leptotrichia Spp.  (A) Leptotrichia cells (Gram stain). 
(B) Leptotrichia cells (SEM). (C) Leptotrichia cells (SEM). 

(D) Leptotrichia colonies. 

 



Leptotrichia buccalis 
 

•-Gram ,anaerobic is an buccalis Leptotrichia
. It is a constituent of bacteria rod negative

.oral flora normal 
•Leptotrichia buccalis can be clearly identified 

They . dark field in live blood analysis using
have a distinct form, which separates them 
from other rod forms. 
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Leptotrichia buccalis 
 

 



Pathology 
 

•Almost every case of severe infection 
with Leptotrichia buccalis reported in medical 

, neutropenia patients withliterature occurred in 
that claim  dentists Holistic

fillings are  root canal following granulomas dental
likely to be caused by Leptotrichia buccalis. The 
majority of patients with 'Leptotrichia 
buccalis found in their blood have had root canal 
fillings, which would support the claim of holistic 
dentists. 

https://en.wikipedia.org/wiki/Neutropenia
https://en.wikipedia.org/wiki/Dentist
https://en.wikipedia.org/wiki/Holistic
https://en.wikipedia.org/wiki/Root_canal
https://en.wikipedia.org/wiki/Granuloma


•Thirty-one cases of bacteremia and four cases 
of wound infections associated 
with Leptotrichia species. Bacteremia caused 
by Leptotrichia species were found among 
neutropenic patients with various forms of 
predisposing diseases such as bone-marrow 
transplants, infective endocarditis, and sepsis 
associated with mucositis.  



Identification of Leptotrichia species 

•Identification of Leptotrichia species can be 
problematic in terms of culturing because 
some strains are strictly anaerobic or 
facultative anaerobic, while others prefer 
growth under the influence of CO2. 
Leptotrichia species usually stain Gram-
negative, but fresh cells may be Gram-
positive. 



•It can ferment fructose, glucose, maltose, 
mannose, sucrose, and trehalose to produce 
acid. Do not produce indole, catalase, urease, 
H2S and phospholipase.   



      Spirochaetes 
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Spirochaetes 
 
• The spirochetes are a distinct group of 

bacteria which have : 
• a unique cell morphology and mode of 

motility. Spirochetes are simple Gram-
negative bacteria, have a characteristic long  
helical shape. 
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Spirochetes 

Spirochetes, a group of five genera, very 
widespread in nature and found in the fresh 
waters, of which are pathogenic for humans:  

–Treponema  
–Borrelia  
–Leptospira  
 

 



Disease-causing members of these 
Genera 

• Treponema pallidum, which causes syphilis  
 

• Leptospira species, which causes leptospirosis 

  
• Borrelia recurrentis, which causes relapsing fever 

 

http://en.wikipedia.org/wiki/Treponema_pallidum
http://en.wikipedia.org/wiki/Syphilis
http://en.wikipedia.org/wiki/Leptospira
http://en.wikipedia.org/wiki/Leptospirosis
http://en.wikipedia.org/wiki/Borrelia_recurrentis
http://en.wikipedia.org/wiki/Borrelia_recurrentis
http://en.wikipedia.org/wiki/Borrelia_recurrentis
http://en.wikipedia.org/wiki/Relapsing_fever


  

Treponema pallidum (Nichols strain) 
attached to cultured mammalian cells. 



•  Some are tightly coiled like a telephone cord, 
while others are more open; 

         Very tight coils are seen in Leptospira,     
      Medium coils in Treponema and  
      Open coils are seen in Borrelia. 



• Treponema pallidum  
• Exhibits characteristic motility that consists of 

rapid rotation about its longitudinal axis and 
bending, flexing, and snapping about its full 
length 

•  Multiplication is by binary transverse fission. 
• Treponemes have not yet been cultured in 

vitro. Treponema pallidum is the causative 
agent of syphilis, a sexually transmitted 
disease (STD).  
 
 



Treponemes  
Cell wall structure 

• The organism has an outer 
membrane containing an 
extremely low density of 
surface-exposed 
transmembrane proteins. 

•  Typically, three flagella 
originate from each end of 
the bacterium, and, winding 
about the bacterium within 
the periplasmic space, 
overlap at the midpoint.  

http://www.google.com.eg/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjQoOSD6OjJAhXIWRoKHTVnAg4QjRwIBw&url=http://jb.asm.org/content/191/24/7566.figures-only&psig=AFQjCNF92h22kKRwbZQwXE3DyF3qfD0JCA&ust=1450644224235090
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Pathogenesis 
•  Treponemes are highly invasive pathogens which often 

disseminate relatively soon after inoculation. 
 
•  Evasion of host immune responses appears to be, at 

least in part, due to the unique structure of the 
treponemal outer membrane (i.e., its extremely low 
content of surface-exposed proteins). 

 
•  Although treponemes lack classical lipopolysaccharide 

(endotoxin), they possess abundant lipoproteins which 
induce inflammatory processes.  

 



Transmission of Syphilis  
A. Syphilis is spread mostly by sexual contact. 

 
B.  except for congenital syphilis, which is spread 

from mother to fetus transplacentally or by 
passage through an infected birth canal. 

C.   Transmission by transfusion has been 
documented. 

 

  



Transmission by sexual contact requires: 
     1-exposure to moist lesions of skin or mucous  
      membranes. 

 
2- Depends on the existence of infectious lesions 
(sores), which may or may not be visible. 

 
3- To disseminate away from the site of initial entry, 
 organisms must traverse the viscous ground 
substance between tissue cells. 

 
  

Chain of  infection  



Treatment 
• Syphilis is relatively easily treated with 

antibiotics such as penicillin, usually given as 
consecutive daily intramuscular injections. 
Patients who are allergic to penicillin may be 
treated with tetracycline. 

•  Fortunately, unlike other STDs such as 
gonorrhea, there is little evidence of antibiotic 
resistance developing in syphilis. 

  
 

http://www.microbiologybytes.com/video/Ngonorrhoeae.html


 
Thank you 
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Lactobacilli, Corynebacteria and Propionibacteria 

_____________________________________________________ 

Lactobacilli 

Lactobacilli are saprophytes in vegetable and animal material (e.g. milk). Some species are 

common animal and human commensals inhabiting the oral cavity and other parts of the body. 

They have the ability to tolerate acidic environments and hence are believed to be associated 

with the carious process. 

The taxonomy of lactobacilli is complex. They are characterized into two main groups: - 

-Homofermenters, which produce mainly lactic acid (65%) from glucose fermentation (e.g. 

Lactobacillus casei),  

- Heterofermenters, which produce lactic acid as well as acetate, ethanol and carbon dioxide 

(e.g. Lactobacillus fermentum). L. casei and Lactobacillus rhamnosus, Lactobacillus 

acidophilus and the newly described species, Lactobacillus oris, are common in the oral cavity. 

It should be noted that the taxonomy of lactobacilli is under constant revision. 

Habitat and transmission 

Lactobacilli are found in the oral cavity, gastrointestinal tract and female genital tract. In the 

oral cavity, they constitute less than 1% of the total flora. Transmission routes are unknown. 

Characteristics 

Gram-positive coccobacillary forms (mostly bacillary), α- or non-haemolytic, facultative 

anaerobes. These organisms ferment carbohydrates to form acids (i.e. they are acidogenic) and 

can survive well in acidic milieu (they are aciduric);they may be homofermentative or 

heterofermentative. The question as to whether they are present in carious lesions because they 

prefer the acidic environment, or whether they generate an acidic milieu and destroy the tooth 

enamel, has been debated for years.                                                                                              

Lactobacilli are also major constituents of the vaginal flora and help maintain its low pH 

equilibrium. Recently, the beneficial role of lactobacilli in maintaining the homoeostasis of the 

intestinal flora has been recognized, and lactobacillus-laced’ food items have gained popularity 

among the health-conscious public.                                                                                                

Culture and identification 

Lactobacilli grow under microaerophilic condition in the presents of carbon dioxide and at 

acidic pH(6) media enriched with glucose or blood promote growth. A special selective 
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medium, tomato juice agar (pH 5.0), promotes the growth of lactobacilli while suppressing 

other bacteria. Identification is by biochemical reactions.                                                            

Pathogenicity 

Lactobacilli are frequently isolated from deep carious lesions where the pH tends to be acidic. 

Indeed, early workers believed that lactobacilli were the main cariogenic agent (a theory that 

has been disproved), so much so that the number of lactobacilli in saliva (the lactobacillus 

count) was taken as an indication of an individual’s caries activity. Although this test is not 

very reliable, it is useful for monitoring the dietary profile of a patient because the level of 

lactobacilli correlates well with the intake of dietary carbohydrate.                                             

Endocarditis 

Among infections caused by lactobacilli, endocarditis, with or without bacteremia, is the most 

common. It occurred in patients who had dental extractions or gingival bleeding after tooth 

brushing , suggesting that these could be considered risk factors, especially in the presence of 

underlying immunosuppression and valvular heart disease 

Lactobacillus organisms are rarely associated with pathology in immunocompetent people, but 

in the presence of risk factors and underlying conditions, they can cause infections such as 

endocarditis, bacteremia, neonatal meningitis, dental caries, and intra-abdominal abscesses 

including liver abscess, pancreatic necrosis infection, pulmonary infections, pyelonephritis, 

meningitis, postpartum endometritis, and chorioamnionitis 

Corynebacteria 

The genus Corynebacterium contains many species that are widely distributed in nature. These 

Gram-positive bacilli demonstrate pleomorphism (i.e. coccobacillary appearance) and are non-

sporing, non-capsulate and non-motile. In common with Mycobacterium and Nocardia spp., 

they have a cell wall structure containing mycolic acid. A number of species are important 

human pathogens and commensals. The sometimes fatal upper respiratory tract infection of 

childhood diphtheria is caused by Corynebacterium diphtheriae.It is important to distinguish 

this, and other pathogens within the genus, from commensal Corynebacteria. 

Corynebacterium diphtheriae 

Habitat and transmission  

Human throat and nose, occasionally skin; patients carry toxigenic organisms up to 3 months 

after infection. Transmission is via respiratory droplets. 
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Characteristics 

Pleomorphic, Gram-positive, club-shaped (tapered at one end) bacilli, 2–5 μm in length, 

arranged in palisades. They divide by ‘snapping fission’ and hence are arranged at angles to 

each other, resembling Chinese characters. The rods have a beaded appearance, with the beads 

comprising an intracellular store of polymerized phosphate. The granules stain 

metachromatically with special stains such as Albert,s Metachromatic stain (green bacilli  with 

metachromatic granules ).                                                                                                            

Culture and identification 

A non-fastidious, facultative anaerobe that grows well at 37°.C. Grows on blood agar but 

selective media are helpful for isolation from clinical specimens. In blood tellurite agar, 

commonly used for this purpose, Corynebacteria produced is tinctive  grey-black colonies after 

48-h incubation at 35°C. Preliminary identification is helped by the shape and size of the 

colonies on tellurite agar. Specific identification is by biochemical reactions and demonstration 

of toxin production. The test for toxin production is important as some corynebacteria are non-

toxigenic (and hence non-virulent) and are normal skin or throat commensals.  C.diphtheriae 

can be killed at 58 
0
C in 10 mint 100 

0
 C in 1 mint ,survive in blankets, floor dust, toys 

inanimate objects.  

  Corynebacterium diphtheriae infects the  nasopharynx or skin. Toxigenic strains secrete a 

potent exotoxin which may cause diphtheria. Nontoxigenic strains of C diphtheriae are rarely 

associated with clinical disease. 

Toxin production 

The exotoxin responsible for virulence can be demonstrated by the gel precipitation test, which 

uses the Elek plate. In this test, a filter paper soaked in diphtheria antitoxin is incorporated into 

serum agar before it has set; the test strain of C. diphtheriae under investigation is then streaked 

on to the agar at right angles to the filter-paper strip and incubated at 37°C. After 24 h, white 

lines of precipitation will be visible as a result of the combination of the antitoxin and the 

antigen (i.e. the toxin) if the strain is a toxigenic isolate (Fig. 1). Although this is the traditional 

method for toxin detection, enzyme-linked immunosorbent assays (ELISAs) and 

immunochromo graphic strips are now available for quick detection of the exotoxin from the 
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cultured isolates. A rapid diagnostic test based on polymerase chain reaction(PCR) for the toxin 

gene (tox) is another new direct assay of patient specimens, prior to culture and isolation of the 

organism. 

 

Diphtheria toxin  

This exotoxin produced by strains carrying bacteriophages with the tox gene – inhibits protein 

biosynthesis in all eukaryotic cells. The toxin has two components: subunit A,which has the 

adenosine diphosphate ribosylating activity, and subunit B, which binds the toxin to cell surface 

receptors. Essentially, the toxin blocks protein synthesis of host cells by inactivating an 

elongation factor. Macroscopically, its action on the respiratory mucosa results in the 

production of a grey, adherent pseudomembrane comprising bacteria, fibrin and epithelial and 

phagocytic cells. This may obstruct the airway, and the patient may die of asphyxiation. When 

the toxin permeates into the blood stream, it acts systemically, affecting motor nerves of the 

myocardium and the nervous system.  

The toxin can be converted to a toxoid (i.e. made nontoxic but still antigenic) by treatment with 

formaldehyde; the toxoid can then be used for prophylactic immunization – the first component 

of the diphtheria–tetanus–pertussis (DTP) vaccine. Antitoxin, produced by injecting the toxin 

into horses, neutralizes the toxin  

Pathogenicity 

C. diphtheriae is the agent of diphtheria; it usually affects the mucosa of the upper respiratory 

tract, and sometimes the skin. Cutaneous infections are especially seen in the tropics and are 
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usually mixed infections with Staphylococcus aureus and/or Streptococcus pyogenes. Serious 

systemic manifestations are the result of the absorption of the exotoxin. 

 

The symptoms of diphtheria 

- Pharyngitis, fever, swelling of the neck or area surrounding the skin lesion.  

-Diphtheritic lesions are covered by a pseudomembrane. The toxin is distributed to distant 

organs by the circulatory system and may cause paralysis and congestive heart failure. 

Treatment and prevention 

In the acute phase, supportive therapy to maintain the airway is critical. Antitoxin is given to 

neutralize the toxin and penicillin to kill the organisms. Antibiotics have little effect once the 

toxin has spread, but will eliminate the toxigenic focus of bacteria. In epidemic outbreaks, 

carriers are given either penicillin or erythromycin. 

Immunization is highly effective in preventing diphtheria.A special test (Schick test) is used to 

demonstrate immunity. Here, the circulating level of antibody after immunization (or 

clinical/subclinical infection) is assessed by inoculating a standardized dose of the toxin. 
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Other Corynebacteria 

Corynebacterium ulcerans is responsible for diphtheria-like throat lesions, but it does not cause 

toxaemia .Corynebacterium  is the only true coryne form organism in the oral cavity. It 

resembles a whip (‘whip-handle cell’), with a short, fat body and a long filament at one end.   

Diphtheroids 

Bacilli that morphologically resemble diphtheria bacilli are called diphtheroids (e.g. 

Corynebacterium hofmannii, Corynebacterium xerosis). They are normal inhabitants of the 

skin and conjunctiva and are occasional opportunistic pathogens in compromised patients (e.g. 

endocarditis in prosthetic valves).                                                                                                 

Propionibacteria 

Propionibacteria are obligate anaerobic, Gram-positive rods, sometimes called ‘diphtheroids’ 

for the reasons given Propionibacterium acnes is part of the normal skin flora and may also be 

isolated from dental plaque. The pathogenesis of facial acne is closely related to the lipases 

produced by P.acnes, hence the name. A new member of this genus is Propionibacterium 

propionica, morphologically similar to Actinomyces israelii .                                                       

References : 

-Essential microbiology for dentistry 4
th

 edition 2012. 

-Rossi F, Amadoro C, Colavita G. Members of the Lactobacillus Genus Complex (LGC) as 

Opportunistic Pathogens: A Review. Microorganisms. 2019;7(5):126. Published 2019 May 10. 

doi:10.3390/microorganisms7050126 
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General structure and classification of viruses 

 
General properties of viruses:  
1. Viruses are smaller than bacteria, they range in size between 20-300 nanometer ( 
nm ) (Table 2-1).  

2. Viruses contain only one type of nucleic acid, either DNA or RNA, but never 
both.  

3. Viruses consist of nucleic acid surrounded by a protein coat. Some viruses have 
additional lipoprotein envelope.  

4. Viruses lack cellular organelles, such as mitochondria and ribosomes.  

5. Viruses are obligate cellular parasites. They replicate only inside living cells.  

6. Viruses replicate through replication of their nucleic acid and synthesis of the 
viral protein.  

7. Viruses do not multiply in chemically defined media.  

8. Viruses do not undergo binary fission.  
 
Virus is a broad general term for any aspect of the infectious agent and includes:  
• the infectious or inactivated virus particle  

• viral nucleic acid and protein in the infected cell  
 

Virion is the physical particle in the extra-cellular phase which is able to spread to new 

host cells; complete intact virus particle is able to spread to new host cells; complete 

intact virus particle. 

 Table ( 2-1) : Comparison between viruses and bacteria 
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The structure of viruses: 

1. Viral nucleic acid:  

The viral nucleic acid is located internally and can be either single- or double- 

stranded RNA or DNA. The nucleic acid can be either linear or circular. The DNA is 

always a single molecule; the RNA either can exist as a single molecule or in 

several pieces (segmented).  

• Some RNA viruses are positive polarity and others are negative polarity.  

• Positive polarity is defined as an RNA with same base sequence as the mRNA. 

(Positive strand RNA)  

• Negative polarity has a base sequence that is complementary to the mRNA. 

(Negative strand RNA) (Figure 2-1)  

 

2. Capsid:  

The protein shell, or coat, that encloses the nucleic acid genome and  

mediates the attachment of the virus to specific receptors on the host  

cell surface.  

3. Capsomeres:  

Morphologic units seen in electron microscope. Each capsomere,  

consisting of one or several proteins.  

Naked viruses are composed of nucleic acid + capsid (nucleocapsid) 
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4. Viral envelope:  

The envelope is a lipoprotein membrane composed of lipid derived from the host cell 

membrane and protein that is virus- specific. Furthermore, there are frequently 

glycoproteins in form of spike-like projections on the surface, which attach to host 

cell receptors. Matrix protein mediates the interaction between the capsid proteins 

and envelope. The presence of an envelope confers instability on the virus 

Enveloped viruses NA + capsid + envelope  

The whole virus particle is called virion. (Figure 2-2) 

 

 

 

Reaction to physical and chemical agents:  

1. Heat and cold: Viral infectivity is generally destroyed by heating at 50-60 C0 for 

30 mint. Viruses can be preserved at -90 C0 or -196 C0 (liquid nitrogens).  

2. PH: Viruses can be preserved at physiological PH (7.3).  

3. Ether susceptibility: Ether susceptibility can be used to distinguish viruses that 

possess an envelope from those that do not.  

4. Detergents: Nonionic detergents solubilize lipid constituents of viral membranes. 

The viral proteins in the envelope are released Anionic detergents also solubilize 

viral envelopes; in addition, they disrupt capsids into separated polypeptides. 
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Viral Replication: 

Steps in Viral Replication:  

A. Attachment:  

This is the first step in viral replication. Surface proteins of the virus interact with 

specific receptors on the target cell surface.  

B. Penetration:  

Enveloped with the viruses (e.g., HIV, influenza virus) penetrate cells through fusion 

of the viral envelope host cell membrane. Non-enveloped viruses penetrate cells by 

translocation of the virion across the host cell membrane or receptor mediated 

endocytosis.  

C. Un-coating:  

This process makes the nucleic acid available for transcription to permit 

multiplication of the virus.  

D. Transcription and Translation:  

The fact that viruses must use host cellular machinery to replicate and make 

functional and structural proteins. Assembly and Release. The process of virion 

assembly involves bringing together newly formed viral nucleic acid and the 

structural proteins to form the nucleo-capsid of the virus  

E. Virus Shedding:  

This is a necessary step to maintain a viral infection in populations of hosts. 

Shedding usually occurs from the body surfaces involved in viral entry. Shedding 

occurs at different stages of disease depending on the particular agent involved. 
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Routs of infection  

• Inhalation; e.g influenza viruses  

• Ingestion: polioviruses  

• Parenteral: AIDs  

• Trans placental, cytomegalovirus, rubella. 

 

Viral Spread and Cell Tropism  

Many viruses produce disease at sites distant from their point of entry. Spread within 

the host . Mechanisms of viral spread vary, but the most common route is via the 

bloodstream or lymphatics. The presence of virus in the blood is called viremia. 

 

Mechanisms of viral injury  

1. Inhibits host cell DNA, RNA or protein synthesis e.g. Poliovirus.  

2. Direct cell killing by damaging host cell membrane e.g. Rhinoviruses.  

3. Induce Immune reaction e.g hypersensitivity reaction in respiratory syncytial 

viruses.  

4. Damage host defiance mechanism e.g. respiratory epithelium predisposes to the 

pneumonia  

5. Induce cell proliferation & transformation result in neoplasia e.g. HBV, EBV.  
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A successful anti-viral drug should: 

The life cycle of a virus comprises several stages such as binding to the cell surface, 

replication, protein synthesis etc. and all of these stages may be the target of anti-

viral drugs. Antiviral drugs specifically inhibit one or more steps of virus replication 

without causing unacceptable side effects.  Because of the close interaction 

between virus replication and normal cellular metabolism, it was originally thought 

too difficult to interrupt the virus replicative cycle without adversely affecting the host 

cell metabolism. 

The mechanism of action vary among antiviral: 

1. Nucleoside and nucleotide Analogs:  

The majority of available antiviral agents are nucleoside analogs. They inhibit 

nucleic acid by inhibition of polymerases essential for nucleic acid replication. In 

addition, some analogs can be incorporated into the nucleic acid and block further 

synthesis or alter its function. Example for nucleoside analogs include acyclovir , 

lamivudine ,ribavirin and zidovudine : AZT Acyclovir (Zovirax) represents a major 

breakthrough in the treatment of herpes virus infections.  

2. Reverse transcriptase inhibitor:  

It acts by binding directly to reverse transcriptase and disrupting the enzyme’s 

catalytic site, for example Nevirapine.  

3. Protease inhibitor:  

Saquinavir was the first protease inhibitor to be approved for treatment of HIV 

infection, which inhibit viral protease that is required for the last stage of replicative 

cycle. Inhibition of the protease yields noninfectious virus particles. 

 

Vaccine: 

A vaccine is a biological preparation that provides active acquired immunity to a 

particular disease. A vaccine typically contains an agent that resembles a disease-

causing microorganism and is often made from weakened or killed forms of the 

microbe,  
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Type of viral vaccine:  

There are four categories of vaccines in clinical trials: WHOLE VIRUS, PROTEIN 

SUBUNIT, VIRAL VECTOR and NUCLEIC ACID (RNA AND DNA).  

1. Attenuated live viral vaccines  

These attenuated viruses can infect and replicate in the recipient and produce a 

protective immune response without causing disease. Live attenuated viral vaccines 

can often confer lifelong immunity after one immunization series (. 

Live-attenuated vaccines 

 Measles, mumps, rubella (MMR combined vaccine) 

 Rotavirus. 

 Smallpox. 

 Chickenpox. 

 Yellow fever 

 

2. Killed (inactivated) viral vaccines  

Killed viral vaccines contain either whole virus particles, inactivated by chemical or 

physical means, or some component(s) of the virus. They do not generally produce 

lifelong immunity following one immunization series (e.g.: Rabies vaccine, Injectable 

poliomyelitis vaccine (IPV)  

3. Recombinant-produced antigens  

Application of a recombinant DNA strategy to develop new vaccines (Subunit 

vaccines use pieces of the pathogen - often fragments of protein). This approach 

has made possible a safe and effective recombinant vaccine against hepatitis B 

virus, which has replaced the vaccine derived from the plasma of hepatitis B virus-

infected individuals. 

4. Nucleic acid 

Nucleic acid vaccines use genetic material – either RNA or DNA – to provide cells 

with the instructions to make the antigen. In the case of COVID-19, this is usually 

the viral spike protein. Once this genetic material gets into human cells, it uses our 

cells' protein factories to make the antigen that will trigger an immune response. 
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Type of Vaccines 
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Herpesviruses OR Herpesviridae  

Classification 

Herpesviruses are divided into three groups: The α herpesviruses, herpes simplex 

virus types 1 and 2, and varicella-zoster virus, have a short replicative cycle and 

have a broad host range; β herpesviruses, cytomegalovirus, and human 

herpesviruses 6 and 7, with a long replicative cycle and restricted host range; and γ 

herpesviruses, Epstein-Barr virus and human herpesvirus 8, with a very restricted 

host range. 

A. Alphaherpesviruses - HSV-1, HSV-2, VZV  

B. Betaherpesviruses - CMV, HHV-6, HHV-7  

C. Gammaherpesviruses - EBV, HHV-8  

Nine herpesvirus types are known to primarily infect humans, at least five of which 

– herpes simplex viruses 1 and 2 (HSV-1 and HSV-2, also known as HHV-1 and 

HHV-2; both of which can cause orolabial herpes and genital herpes), varicella 

zoster virus (or HHV-3; the cause of chickenpox and shingles), Epstein–Barr 

virus (EBV or HHV-4; implicated in several diseases, 

including mononucleosis and some cancers), and human cytomegalovirus (HCMV 

or HHV-5) – are extremely widespread among humans.  

More than 90% of adults have been infected with at least one of these, and a latent 

form of the virus remains in almost all humans who have been infected. The less-

common human herpesviruses are human herpesvirus 6A and 6B (HHV-6A and 

HHV-6B), human herpesvirus 7 (HHV-7), and Kaposi's sarcoma-associated 

herpesvirus (KSHV, also known as HHV-8) 
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General Biology of Human Herpesviruses 

Of the more than 100 known herpesviruses, 9 routinely infect only humans:  

 Herpes simplex virus types 1 and 2 (HSV-1 and HSV-2 both of which can 

cause orolabial herpes and genital herpes.  

 

 Varicella-zoster virus (cause of chickenpox and shingles OR belt of fire).  

Symptoms of shingles 

The main symptom of shingles is pain, followed by a rash that develops into 

itchy blisters, similar in appearance to chickenpox. New blisters may appear for up 

to a week, but a few days after appearing they become yellowish in color, flatten 

and dry out.  Shingles is most common in people over the age of 50 years. 

However, the virus may reappear in people of all ages who have previously had 

chickenpox.  

Causes of shingles 

Most people have chickenpox in childhood, but after the illness has gone, the 

varicella-zoster virus remains dormant (inactive) in the nervous system. The 

immune system keeps the virus in check, but later in life it can be reactivated and 

cause shingles. It's possible to have shingles more than once, but it's very rare to 

get it more than twice. It's not known exactly why the shingles virus is reactivated 

at a later stage in life, but most cases are thought to be caused by having lowered 

https://www.nhsinform.scot/illnesses-and-conditions/injuries/skin-injuries/blisters/
https://www.nhsinform.scot/illnesses-and-conditions/infections-and-poisoning/chickenpox/
https://www.nhsinform.scot/illnesses-and-conditions/infections-and-poisoning/chickenpox/


Dr. Waleed K. Mohammed                                     PhD. Molecular Biology University 

of Anbar/ Dentistry/ Third Year /26/06/2021 

3 
 

immunity (protection against infections and diseases). Shingles typically resolve 

within 2 to 4 weeks, and most young, healthy individuals make a full recovery. 

Approximately 1-4 percent of people who develop shingles require hospitalization 

for complications. 

 

 

 Cytomegalovirus: causes three clinical syndromes. (1) Congenital 

cytomegalovirus infection (when symptomatic) causes hepatosplenomegaly, 

retinitis, rash, and central nervous system involvement. 

Human cytomegalovirus (HCMV) is a ubiquitous virus infection with worldwide 

distribution. The virus is the most significant infectious cause of congenital 

disease, an important opportunist in the immunocompromised host and an 

occasional cause of febrile illness as well as infectious mononucleosis in the 

general population. CMV is transmissible to the fetus via the placenta, and is an 

important cause of neonatal morbidity and mortality.  

HCMV infection in humans initiates when exposure to virus infected body fluids 

overcomes innate immune barriers and sustains replication and dissemination. 

These events occur most frequently at mucosa sites. A systemic infection takes 

place where virus can be detected in a peripheral blood mononuclear cell (PBMC 
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leukocytes T cells, B cells, NK cells) and monocytes) that are responsible for 

dissemination to salivary glands and kidneys. 

 

The following signs and symptoms are more common in babies who have 

congenital CMV and who are sick at birth: 

 Premature birth 

 Low birth weight 

 Yellow skin and eyes (jaundice) 

 Enlarged and poorly functioning liver 

 Purple skin splotches or a rash or both 

 Abnormally small head (microcephaly) 

 Enlarged spleen 

 Pneumonia 

 

 

 

 

 

 

 
Abnormally small head (microcephaly) 
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 Epstein-Barr virus: causes classic mononucleosis  

The Epstein-Barr virus (or EBV) have been consistently found to be associated 

with some types of B-cell lymphomas. B lymphocytes and epithelial cells are the 

major sites for EBV infection in the human host. EBV binding to B cells is 

mediated by CD2 1 , also known as complement receptor 2 (CR2). Over 900/o of 

adults are infected with EBV Infection is most common between the ages of 2 and 

4 years and at around age 1 5 years.  

In contrast to B-cell entry, EBV entry into epithelial cells occurs at the cell surface 

in the absence of endocytosis. In addition to CD2 l , which is expressed on tonsilar 

epithelial cells, suggesting the gp3 50/220 interaction with CD2 1 may be 

important for epithelial cell infection,688 BMRF2 may also have a role in 

epithelial entry. 

 

Normal and Abnormally small head (microcephaly) 
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Other Human Herpes Viruses 

 Human herpesvirus 6 and 7 

Properties of HHV-6 and 7  

• Belong to the beta-herpes virus subfamily of herpes viruses  

• Double stranded DNA genome of 170 kbp  

• The main target cell is the T-lymphocyte, although B-lymphocytes may also be 

infected.  

• HHV-6 and HHV-7 share limited nucleotide homology and antigenic cross-

reactivity.  

• It is thought that HHV-6 and HHV-7 are related to each other in a similar manner 

to HSV-1 and HSV-2.  
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Clinical Manifestations  

• Primary HHV-6 infection is associated with Roseola infantum , which is a 

classical disease of childhood. The virus can enter the body through the nose and 

mouth. It is spread when a child breathes in droplets that contain the virus after an 

infected person coughs, sneezes, talks, or laughs. 

• Most cases occur in infants between the ages of 4 months and two years.  

• A spiking fever develops over a period of 2 days followed by a mild rash. The 

fever is high enough to cause febrile convulsions.  

• There are reports that the disease may be complicated by encephalitis.  

 Human Herpes Virus 8  

• Belong to the gammaherpesviruses subfamily of herpesviruses  

• Originally isolated from cells of Kaposi’s sarcoma (KS). Kaposi's sarcoma is a 

type of cancer that forms in the lining of blood and lymph vessels. The tumors 

(lesions) of Kaposi's sarcoma typically appear as painless purplish spots on the 

legs, feet or face. Lesions can also appear in the genital area, mouth or lymph 

nodes.  

 

• HHV-8 DNA is found in almost 100% of cases of Kaposi’s sarcoma  

• Most patients with KS have antibodies against HHV-8 .  

• Unlike other herpes viruses, HHV-8 does not have a ubiquitous distribution.  

 



Dr. Waleed K. Mohammed                                     PhD. Molecular Biology University 

of Anbar/ Dentistry/ Third Year /26/06/2021 

8 
 

Paramyxovirus virus 

One of a group of RNA viruses that are predominantly responsible for acute 

respiratory diseases and are usually transmitted by airborne droplets. 

The paramyxoviruses include the agents of mumps, measles (Rubeola virus), 

Rubella, RSV (respiratory syncytial virus), and parainfluenza. 

1- Mumps 

Mumps is caused by the mumps virus (MuV). Humans are the only natural host of 

the mumps virus. MuV's genome is made of RNA and contains seven genes that 

encode nine proteins.  

Clinical aspects: The onset is marked by malaise and fever followed within 24 

hours by a painful enlargement of one or both parotid glands; the other salivary 

glands are less often affected. In most cases, the swelling subsides within a few 

days and recovery is uneventful.  

Central nervous system: The incidence of ‘aseptic’ meningitis is higher after 

mumps than after any other acute viral infection of childhood. Rates of 0.3–8.0 per 

cent have been reported in the USA. This complication almost always resolves 

without sequelae. Postinfection encephalitis is, however, more serious and 

carriesan appreciable mortality.  

Pathogenesis: The infection is spread in saliva and secretions from the respiratory 

tract, and is acquired by the respiratory route, either by aerosol or hand contact. 

The incubation period is 14-21 days. Viraemia during the acute phase is followed 

by generalized spread to various organs, including the parotid gland. Virus is shed 

for several days before and after the first symptoms, not only from the respiratory 

tract but also in the urine. Mumps virus binds to sialic acid to enter the polarized 

epithelial cells in the upper respiratory tract from both sides. 
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2- Measles 

Measles is a highly contagious infectious disease caused by measles virus. 

Symptoms usually develop 10–12 days after exposure to an infected person and 

last 7–10 days. Over 1 million mal-nutrient children die each year of measles in the 

developing world.  

Measles target cells 

The main target cells are immune cells such as T and B cells, macrophages and 

dendritic cells that express CD150 (or SLAM) which serves as an entry receptor. 

CD46 expressed on most cells can also be used by some wild-type strains. Measles 

virus infects epithelial cells using nectin-4.Measles virus can also penetrate the 

brain, but is usually controlled. Infection of pulmonary epithelial cells permits 

transmission to other hosts. 
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Symptoms of measles 

The initial symptoms of measles develop around 10 days after you're infected. 

These can include: 

 cold-like symptoms, such as a runny nose, sneezing and a cough 

 sore, red eyes that may be sensitive to light 

 a high temperature (fever), which may reach around 40C 

 small greyish-white spots on the inside of the cheeks 

3- Para-influenza 

The human parainfluenza viruses (HPIV) are the second most common causes of 

respiratory tract disease in infants and children. There are four types of HPIVs, 

known as HPIV-1, HPIV-2, HPIV-3 and HPIV-4. HPIV-1 and HPIV-2 may cause 

cold-like symptoms, along with croup (laryngotracheobronchitis) in children. 

https://www.nhs.uk/conditions/red-eye/
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HPIV-3 is associated with bronchiolitis, bronchitis, and pneumonia. HPIV-4 is less 

common than the other types, and is known to cause mild to severe respiratory 

tract illnesses. 

Symptoms of of human para-influenza viruses 

While symptoms may vary child-to-child, the most common include: 

 runny nose 

 redness or swelling of the eyes 

 barky cough 

 noisy, harsh breathing 

 wheezing 

 fever 

 irritability 

 decreased appetite 

 vomiting 

 diarrhea 
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Miscellaneous microorganism 

a-Rickettsia and Chlamydia. 

b-Mycoplasma 

c-Veillonella  

Chlamydiae, Rickettsiae and mycoplasmas are a miscellaneous group of organisms with 

properties common to both bacteria and viruses. 

Chlamydiae 

The chlamydiae are a group of microorganisms related to Gram-negative bacteria . However, 

unlike bacteria, they are unable to grow on inanimate culture media. Their main 

characteristics include the following 

• Larger than most viruses and hence visible by light microscopy. 

• Both DNA and RNA are present. 

• Obligate intracellular parasites with a complex growth cycle. 

• Sensitive to tetracycline, erythromycin, sulphonamides. 

There are three species in the genus Chlamydia: 

1. Chlamydia trachomatis is an agent of many diseases  

2. Chlamydia pneumoniae causes acute respiratory tract infection, including sore throat, mild 

pneumonia and fever in humans. 

3. Chlamydia psittaci primarily causes disease (psittacosis) in birds such as pet parrots and 

budgerigars, from which humans contract the infection. The human infection, also known as 

psittacosis, takes the form of a primary a typical pneumonia. 

 Chlamedia trachomatis : Causes a spectrum of diseases. the real number of chlamydia infections 

every year may be closer to 3 million. 

   Ocular infections -  Trachoma is a chronic conjunctivitis caused by Chlamydia 

trachomatis. It was once the most important cause of blindness worldwide, The infection can 

be spread from eye to eye by fingers, shared towels or cloths, coughing and sneezing and eye-

seeking flies. Symptoms include mucopurulent ocular discharge, irritation, redness, and lid 

swelling. Newborns can also develop chlamydia eye infection through childbirth 

_ Genital infections –  non-specific urethritis, the most common sexually transmitted disease 

in the UK . Most people who are infected have no symptoms . In the tropics, it causes 

lymphogranuloma venereum 



Karama T.Al-Taee                                                                              Third Class                        

MSc Medical microbiology                                                               Microbiology                   

Chlamydia is caused by a bacterial infection. The only true cure for this type of infection is 

antibiotics. 

But some alternative treatments may help ease symptoms, untreated chlamydia can lead to 

long-term complications, including fertility problems and chronic inflammation. 

 

 Fig 1:-Pap Smear Description: Human pap smear showing chlamydia in the vacuoles at 500x 

and stained with H&E. 

Pneumonia –  in neonates. Newborn babies can acquire chlamydia from their mother during 

birth. 

Culture and diagnosis 

Identified by tissue culture ( e.g.Hela cells) ,serology (complement fixation tests)and 

fluorescent antibody staining of smears from the lesion. 
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Hela cells :-is an immortal cell line used in scientific research. It is the oldest and most 

commonly used human cell line. The line is derived from cervical cancer cells taken on 1951, 

from Henrietta Lacks, a 31-year-old African-American, who died of cancer. The cell line was 

found to be remarkably durable and prolific, which allows it to be used extensively in 

scientific study 

Antibiotic sensitivity  

Tetracycline is effective for all chlamydial infections. 

Rickettsiae 

Rickettsiae are pleomorphic organisms, smaller than bacteria but resembling them structurally 

and metabolically, including cell wall formation. They, like Chlamydia and viruses. The best-

known human rickettsial disease is typhus, which spreads wildly in conditions of malnutrition 

and poverty. Rickettsiae are _Coccobacilli, with a multilayered outer cell wall resembling that 

of Gram-negative bacteria cell wall. Rickettsias are generally sensitive to environmental 

exposure, although R. typhi can survive several years in dried flea droppings 

 _Obligate intracellular parasites that replicate by binary fission . 

_Visible by light microscope when special stains are used(e.g.Giemsa). 

_Able to infect many species, including arthropods, birds and mammals; members of the 

genus are transmitted to humans via bites of infected arthropods 

Sensitive to tetracycline and chloramphenicol. 

_ 

Distribution and Ecology of Rickettsial Diseases 

The Role of Arthropod Vectors  

The rickettsial life cycle depends upon a complex exchange between blood-sucking arthropod 

hosts and vertebrate hosts. Eight tick genera, two fleas, and one louse are involved in the 

spread of rickettsias to humans. 

General Factors in Rickettsial 

Pathology and Isolation 
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A common target in rickettsial infections is the endothelial lining of the small blood vessels. 

The bacteria recognize, enter, and multiply within endothelial cells, causing necrosis of the 

vascular lining 

Among the immediate pathologic consequences are vasculitis, perivascular infiltration by infl 

ammatory cells, vascular leakage, and thrombosis. These pathologic effects are manifested by 

skin rash edema, hypotension, and gangrene. Intravascular clotting in the brain accounts for 

the stuporous mental changes and other neurological symptoms that sometimes occur 

There are two genera within the Rickettsieae:  

Rickettsia and Coxiella. 

Rickettsia 

Rickettsial diseases include: 

Epidemiology of Epidemic Typhus Humans are the sole hosts of human body lice and the 

only reservoirs of R. prowazekii. The louse spreads infection by defecating into its bite wound 

or other breaks in the skin. Infection of the eye or respiratory tract can take place by direct 

contact or inhalation of dust containing dried louse feces, but this is a rarer mode of 

transmission. 
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Rocky Mountain Spotted Fever: 

Epidemiology and Pathology 

 The rickettsial disease with greatest impact on people living in North America is Rocky 

Mountain spotted fever ,etiologic agent Rickettsia rickettsii in smears from infected animals 

and patients and later discovered that it was transmitted by ticks. 

Pathogenesis and Clinical Manifestations of Spotted Fever  
After 2 to 4 days incubation, the first symptoms are sustained fever, chills, headache, and 

muscular pain. Early diagnosis can be made by staining rickettsias directly in a tissue biopsy 

using fluorescent antibodies. Isolating rickettsias from the patient’s blood or tissues is 

desirable, butit is expensive and requires specially qualified personnel and laboratory 

facilities. Specimens taken from the rash lesions are suitable for PCR assay, which is very 

specific and sensitive and can circumvent the need for culture. 

Coxiella 

Coxiella burnetii, an organism closely resembling rickettsiae,. Rickettsial diseases include: 

Typhus, (typhus fever) 

Typhus  group of infectious diseases that include epidemic typhus, scrub typhus, and murine 
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typhus. Common symptoms include fever, headache, and a rash. 

 Typically these begin one to two weeks after exposure  Usually Q fever presents as a ‘non-

bacterial’ pneumonia, but lesions may be seen in the brain and other organs, including the 

heart, with resultant infective endocarditis.    

Culture and diagnosis 

Isolation of most rickettsias from clinical specimens requires a suitable live medium and 

specialized laboratory facilities, including controlled access and safety cabinets. The usual 

choices for routine growth and maintenance are the yolk sacs of embryonated chicken eggs, 

chick embryo cell cultures, and, to a lesser extent mice and guinea pigs.• Serology: rising titer 

of antibody in patients  sera. 

Antibiotic sensitivity: Tetracycline or chloramphenicol. 

Mycoplasmas 

Mycoplasmas are the smallest prokaryotes capable of binary fission, and they grow, albeit 

slowly, on inanimate media. Mycoplasmas are indeed wall-less bacteria, without the 

peptidoglycan cell wall but bound by a plasma membrane consisting of lipids and sterols 

(including cholesterol). Hence, they are highly pleomorphic. Analysis of Mycoplasma genome 

sequences (16SrDNA) suggests that these organisms are most closely related to Bacillus–

Lactobacillus and Streptococcus sub groups of Gram positive bacteria. The most important 

species of the genus Mycoplasma is Mycoplasma pneumoniae, which causes: 

_A common pneumonia, atypical pneumonia 

_ Mucocutaneous eruptions, including the oral mucosa 

_ Haemolytic anaemia. 

Mycoplasma pneumoniae 

Primary atypical pneumonia 

Primary atypical pneumonia takes the form of fever, non productive cough, severe headache, 

weakness and tiredness. The acute illness lasts for about 2 weeks, but in a majority, the 

symptoms last longer. 

Mucocutaneous eruptions 

M. pneumoniae may cause skin rashes and ulcerations of both the oral and vaginal mucosa.. 

The skin lesions, which often affect the extremities, have a target or iris appearance(target 

lesions). In the oral mucosa, erythematous patches may appear first, quickly becoming 

bullous and erosive. This leads to extensive blood encrustations, especially the labial lesions. 

When the oral ulceration is associated with the skin rash and conjunctivitis, it is called 

Stevens–Johnson syndrome. 

Culture and diagnosis 
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Mycoplasma can be cultured in special media but is a slow grower (about 10 days); the 

colonies have a characteristic fried-egg’ appearance. Immunofluorescence of colonies 

transferred to glass slides is useful (as they do not take up the Gram stain well).Serology is 

useful as the culture results are delayed. Complement fixation testing for M. pneumoniae 

antibodies is diagnostic. 

 

Antibiotic sensitivity: Tetracycline for adults and erythromycin for children. 

Oral mycoplasmas 

Mycoplasmas have been isolated from saliva, oral mucosa and dental plaque, but their 

significance is not clear. The oral species are poorly characterized and include Mycoplasma 

buccale, Mycoplasma orale and Mycoplasma salivarium. The latter two species have been 

isolated from salivary glands and are thought to play a role in salivary gland hypo function. 

Estimates of the oral carriage of mycoplasma vary from 6% to 32%. 

Veillonella 

Veillonella spp. are non-motile, gram-negative diplococci ,anaerobic . 

Veillonella is part of the normal flora of the mouth and gastrointestinal tract and may be 

found in the vagina. Veillonella species are common and considered mainly harmless, or even 

beneficial, colonizers of the mouth from the early years of life onward .V. parvula subsp. 

parvula is detected in saliva, on the tongue, and in plaques. They are able to utilize lactate 

produced by Streptococcus mutans, and are thus considered as beneficial bacteria in dental 

plaques.. 

Veillonella spp. are often regarded as contaminants; they are often associated with oral 

infections; bite wounds; head, neck, and various soft tissue infections; and they have also 

been implicated as pathogens in infections of the sinuses, lungs, heart, bone, and CNS. Recent 

reports have also indicated their isolation in pure culture in septic arthritis and meningitis. 

References: 

1- Atlas of Oral Microbiology  2015 Chapter 3 - Supragingival Microbes Pages 41-65 

2-Essential microbiology for dentistry 4th edition 2012 
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MYCOBACTERIUM TUBERCULOSIS  

INTRODUCTION: 

Mycobacterium is a genus of Actinobacteria, given its own family, the 

Mycobacteriaceae. Over 190 species are recognized in this genus. This genus 

includes pathogens known to cause serious diseases in mammals, including 

tuberculosis (Mycobacterium tuberculosis) and leprosy (Mycobacterium leprae) in 

humans. The Greek prefix myco- means "fungus," alluding to the way 

mycobacteria have been observed to grow in a mold-like fashion on the surface of 

cultures.  

Mycobacteria is an obligate aerobe growing most successfully in tissues with a 

high oxygen content.(the upper lobe of the lung and the kidney).  

- Its cell wall contains several complex lipids ( long-chain fatty acids called 

mycolic acids). It is relatively resistant to acids and alkalis. NaOH is used to 

concentrate clinical specimens; it destroys unwanted bacteria, human cells, and 

mucus but not the organism.  

 They are Facultative intracellular pathogens usually infecting mononuclear 

phagocytes (e.g. macrophages.) 

 MORPHOLOGY:  

SHAPE - long, slender, straight or slightly curved rod. SIZE - 3 x 0.3 µm , 

Intracellular., Mycolic acid, waxes & lipids are present in cell wall . The high lipid 

content (approximately 60%) of their cell wall makes mycobacteria acid-fast and 

hydrophobic. . Because the cells are hydrophobic and tend to clump together, they 

are impermeable to the usual stains, e.g. Gram's stain , Neither gram-positive nor 

gram-negative. 

 ACID FAST BACILLI: Mycobateria are virtually the only bacteria that are acid-

fast because of the presence of mycolic acid and their lipid-rich cell walls, which 

are relatively impermeable to various basic dyes unless the dyes are combined with 

phenol. Once stained, the cells resist decolourization with acidified organic 

solvents and are therefore called "acid-fast". Carbol Fuchsin Stain 

CULTURE: Mycobacteria are aerobes, Grow slowly 14-15 hours , Optimum 

temperature 37 degree C. Do not grow below 25 degree C. pH between 6.4 to 7.0 , 



Grow only in specially enriched media containing egg, asparagine, potatoes, serum 

and meat extracts. Colonies appear in 2-6 weeks.. 

RESISTANCE: Mycobateria can survive in dust for several months in sputum for 

20-30 hours. Killed at temperature of 60 degree C for 20 minutes and instantly at 

100 degree C. Sensitive to ultraviolet ray and sunlight. 

Medical classification 

Mycobacteria can be classified into three l major groups for purpose of diagnosis 

and treatment: 

Tuberculosis is a systemic infectious disease involving  Tuberculosis:-1

respiratory, genitourinary and lymphatic systems caused by Mycobacterium 

tuberculosis complex (Mycobacterium tuberculosis, M. bovis, M. africanum, and 

M. microti). 

n two categories: active disease or latent Tuberculosis (TB) may be regarded i

infection. The most common form of 

called -but it may invade other organs, so ctive TB is lung disease,A-I 

"extrapulmonary TB". 

Disseminated Tuberculosis (miliary tuberculosis)  Extrapulmonary tuberculosis*

a significant clinical problem because symptoms and signs may be  remains

Miliary tuberculosis is a  difficult to recognize and to relate to tuberculosis

threatening type of tuberculosis that occurs when a large number of -potentially life

h the bloodstream and spread throughout the bodythe bacteria travel throug 

Many of those who are infected with TB do not develop overt  :latent infection-II

tuberculin ray may be normal. -disease. They have no symptoms and their chest x

positive. skin test 

mycobacterioses(NTM)Nontuberculous -2 

Nontuberculous mycobacteria (NTM) have been commonly implicated as 

opportunistic pathogens in patients with underlying disease or immunosuppression 

including AIDS. M. avium complex (M. avium and M. intracellulare) and M. 

are most common causes of nontuberculous mycobacterial diseases in  kansashii

humans 

  



3-Leprosy:-. M. leprae is the causative agent of leprosy, an infection of the skin, 

mucous membranes, and peripheral nerves. 

Mycobacterium tuberculosis : It causes TUBERCULOSIS which is the most 

common cause of death due to bacterial infection worldwide.It is closely related to 

M. bovis M. tuberculosis is resistant to dehydration and so survives in dried 

expectorated sputum; this property may be important in its transmission by aerosol 

HISTORY  In 1882, microbiologist Robert Koch discovered the tubercle bacillus, 

at a time when one of every seven deaths in Europe was caused by TB.  

He Isolated the mammalian tubercle bacillus on Heat Coagulated Bovine Serum 

and proved its causative role in Tuberculosis. , He received the Nobel Prize in 

physiology and medicine in 1905 for this discovery. 

Diseases caused by Mycobacterium species:  

M. leprae - leprosy  

 M. avium - lung and skin infections in immunocompromised hosts - 

lymphadenopathy in children - catheter-related infections   

M. bovis - Primarily infection among the cattle It infects Tonsils, Cervical 

nodes. Enter through Intestines – infects the ileocecal region 

Transmission and epidemiology  : M. tuberculosis is transmitted from 

person to person by respiratory aerosol, and its initial site of infection is the lung. 

In the body, it resides within macrophages.  

- In developed countries, tuberculosis is almost exclusively a human disease, and 

most tuberculosis is due to reactivation in elderly, malnourished men. In 

developing countries, M. bovis is found in cow's milk, which, unless pasteurized, 

can cause gastrointestinal tuberculosis in humans. The risk of infection and disease 

is highest among socio-economically disadvantaged people, who have poor 

housing and poor nutrition. Coughing projects droplet nuclei into the air that 

contain tubercle bacilli. One cough can release 3,000 droplet nuclei. One sneeze 

can release tens of thousands of droplet nuclei. 

Pre-Disposing Factors: Genetic basis, Age  Stress, Nutrition, Co existing infections 

Eg. HIV. HIV association will lead to rapid spread of tuberculosis. HIV kills CD4+ 

T Helper cells which normally inhibit M. tuberculosis. 



INDIA is the highest TB burden country accounting for more than one- fifth of the 

global incidence  

Estimated incidence  1.96 million new cases annually Over 1000 deaths a day , 2 

deaths every 3 minutes 

PATHOGENESIS  M. tuberculosis produces no exotoxins and does not contain 

endotoxin in its cell wall. In fact, no mycobacteria produce toxins. M. tuberculosis 

can survive within inactivated macrophages. Because Activated macrophages can 

kill the bacteria. Individual’s immunological response determines the outcome of 

exposure.Healthy individual who are exposed to low dose → activated 

macrophages stop infection. Individuals unable to mount a rapid response → 

bacteria multiply in lung macrophages. → phagocytes attracted to site of infection 

→ infection may be walled-off/ forms tubercle. Tubercles may calcify and become 

visible in chest X-rays (Ghon complex) 

 .GHON COMPLEX 

Macrophage engulfing M. tuberculosis pathogen. 

Bacteria in tubercles may survive for decades (latency).  

Suppression of immune system may allow bacteria to break out of lesions and 

multiply (reactivation). Old age, cancer, immunosuppressive drugs and HIV 

infection can lead to reactivation 

SIGNS AND SYPTOMS: During Active TB symptoms of TB are present, which 

can include: coughing , weight loss , loss of appetite , night sweats , fever , chest 

pain , Blood stained sputum.Active TB is infectious and can be spread by 

coughing, sneezing, laughing, singing, or just talking. 

M. tuberculosis does not spread by: Sharing dishes and utensils  Using towels and 

linens , Handling food. Sharing cell phones , Touching computer keyboard 

LABORATORY DIAGNOSIS  

Specimen Collection :Early morning sputum samples should be collected for 3 

consecutive days in a sterile container . In case of renal tuberculosis, 3-6 morning 

urine samples should be collected . 

 

 



Specimen Type of lesion  

Sputum Pulmonary tuberculosis 

Urine  Renal tuberculosis  

CSF Tuberculous meningitis 

 

DIAGNOSTIC METHODS 

i) Direct Microscopy: Ziehl-Neelsen staining(hot staining method): With Ziehl-

Nielsen stain, M. tuberculosis look slender, straight or slightly curved rod with 

beaded appearance. 

 

Fluorescent staining by Auramine O or auramine rhodamine. Mycobacterium spp. 

will fluoresce yellow against dark background under fluorescent microscope. 



 

ii) Culture: Concentrated specimen is generally inoculated on Lowenstein – 

Jensen’s medium (solid medium) and incubated at 37
o
 C for 2 – 8 weeks. 

Lowenstein – Jensen’s medium contains coagulated egg, Mineral salt solution, 

Asparagine's, Malachite green, Agar  Colonies appear as buff coloured, dry, 

irregular colonies with wrinkled surface and not easily emulsifiable (Buff, rough 

and tough colonies). Colonies are creamy white to yellow colour with smooth 

surface. 

 . 

Colonies of Mycobacterium tuberculosis on Lowenstein-Jensen medium 

iii) Allergic Test: Tuberculosis infection leads to the development of delayed 

hypersensitivity to M. tuberculosis antigen, which can be detected by Mantoux 

test. Mantoux test (tuberculin test) 0.5 ml of PPD (Purified Protein Derivative) is 

injected intradermally on flexor aspect of fore arm. Site is examined after 48 – 72 

hrs 

- Induration of 10 mm or more is considered positive. positive test leads to red area 

at injection site 



Type 4 hypersensitivity is often called delayed type hypersensitivity as the reaction 

takes two to three days to develop. Unlike the other types, it is not antibody 

mediated but rather is a type of cell-mediated response. 

CD4+ helper T cells recognize antigen in a complex with Class II major 

histocompatibility complex. The antigen-presenting cells in this case are 

macrophages that secrete IL-12, which stimulates the proliferation of further CD4+ 

Th1 cells. CD4+ T cells secrete IL-2 and interferon gamma, further inducing the 

release of other Th1 cytokines, thus mediating the immune response. Activated 

CD8+ T cells destroy target cells on contact, whereas activated macrophages 

produce hydrolytic enzymes and, on presentation with certain intracellular 

pathogens, transform into multinucleated giant cells 

 

An example of a TB infection that came under control: M. tuberculosis are 

engulfed by macrophages after being identified as foreign, but due to an immuno-

escape mechanism peculiar to mycobacteria, TB bacteria are able to block the 

fusion of their enclosing phagosome with lysosomes which would destroy the 

bacteria. Thereby TB can continue to replicate within macrophages. After several 

https://en.wikipedia.org/wiki/Lysosome


weeks, the immune system somehow (mechanism as yet unexplained) ramps up 

and, on stimulation with IFN-gamma, the macrophages become capable of 

killing M. tuberculosis by forming phagolysosomes and nitric oxide radicals. 

However the hyper-activated macrophages secrete TNF which recruits 

multiple monocytes into the battle. These cells differentiate into epithelioid 

histiocytes which wall off the infected cells, but at the cost of significant 

inflammation and local damage 

iv) Detection of Antibodies: Various methods such as enzyme linked 

immunosorbent assay (ELISA), radio immunoassay (RIA), latex agglutination 

assay have been employed for detection of antibodies in patient serum.  

v) Biochemical Reactions: Niacin test: M. tuberculosis lacks the enzyme that 

converts Niacin to Niacin ribonucleotide due to this large amount of Niacin 

accumulates in the culture medium. Niacin is detected by addition of 10% 

cyanogen bromide and 4% aniline in 96% ethanol.  

Positive reaction – canary yellow . M. tuberculosis – Positive . M. bovis - Negative 

- Nitrate reduction test: M. tuberculosis produce an enzyme nitro reductase which 

reduces nitrate to nitrite. This detected by colorimetric reaction by addition of 

sulphanilamide and n-naphthyl- ethylene diamine dihydrochloride.  

Positive reaction – pink or red colour  M. tuberculosis – Positive . M. bovis – 

Negative 

- M. tuberculosis is resistant to TCH (Thiophene - 2 - carboxylic acid hydrazide); 

hence, growth occurs. M. bovis is susceptible; therefore, does not grow.  

PROPHYLAXIS:  

1. General measures: Adequate nutrition, good housing and health education are as 

important as specific antibacterial measures 

 2-Immunoprophylaxis: The BCG (Bacille Calmette-Guerin) vaccine (0.1 ml), 

administered soon after birth by intradermal Injection which may be given at any 

time during the first year of life. BCG is live attenuated strain derived from M. 

bovis → stimulates development of hypersensitivity to M. tuberculosis. 

 

 

https://en.wikipedia.org/wiki/IFN
https://en.wikipedia.org/wiki/TNF
https://en.wikipedia.org/wiki/Monocytes


 

 

 

 

  

3-Chemoprophylaxis:  

  

  

other species such as M. bovis, M. africanum and M. kansasii can also cause 

disease. Infection is spread in droplets of sputum from patients with active 

pulmonary tuberculosis. In some patients infection also produces lesions within the 

oral cavity.The classical intra-oral presentation is of an ulcer on the dorsal surface 

of the tongue but lesions may 

affect any site. The ulcers are irregular with raised borders and may resemble deep 

fungal infection or squamous cell carcinoma.A mucosal biopsy should be taken to 

demonstrate 

the characteristic granulomatous inflammation with well-formed granulomata, 

Langhans giant cells and necrosis.  

A Mantoux (tuberculin) skin test will be positive as a result of previous infection in 

patients who have not received prior BCG immunization. Oral lesions will resolve 

when systemic chemotherapy consisting of rifampicin, isoniazid, pyrazinamide and 



ethambutol is administered. Typically, combinations of these drugs are given 

initially for 2 months after which time the therapy is reduced to isoniazid and 

rifampicin for a further 4 months. Longer and different regimens are required for 

the management of patients found to have resistant strains of Mycobacterium 

tuberculosis. Strains of M. tuberculosis that are resistant to the majority of the 

drugs that are used to treat this infection are referred to as multi-drug (MDR) or 

extensive (orextreme) drug resistant (XDR) strains. In the future,there may be 

difficulty in treating this condition.Vaccination with BCG is only partially 

effective in preventing TB. 

 

 

 

References : 1-Medical Microbiology. 4th edition Chapter 33 Mycobacteria 

and Nocardia 

2-Oral Microbiology 5
th
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Neisseria 

•Gram negative cocci bacteria constitute the 
largest group of human pathogens.                     
 triggers fever,inflammation,shock and 

dissiminated  intravascular coagulation(blood 
clots within blood vessels).                                    

                      



•Almost every gram negative bacterium that can 
breach the skin or mucous membranes, grow at 
37⁰C and evade the immune system can cause 
disease and death in humans. Neisseria are 
fastidious organisms (do not survive long in the 
environment) gram negative. 

when  coffee beans resemble diplococci Neisseria
viewed microscopically.                                               
have capsules and pili,facultative anaerobies and 
oxidase positive.                          

https://en.wikipedia.org/wiki/Coffee_bean
https://en.wikipedia.org/wiki/Diplococcus


•Of the 11 species of neisseria that colonize 
 .N  ,pathogens are two only humans,
 Most . meningitidis .N and gonorrhoeae

gonococcal infections are asymptomatic and 
self-resolving.                                                           

https://en.wikipedia.org/wiki/N._gonorrhoeae
https://en.wikipedia.org/wiki/Pathogens
https://en.wikipedia.org/wiki/N._meningitidis
https://en.wikipedia.org/wiki/N._gonorrhoeae


Biochemical identification 
 

•All the medically significant species 
of Neisseria are positive for 

 .oxidase and catalase both
Different Neisseria species can be identified by 
the sets of sugars from which they will 
produce acid. For example, N. 

 ,glucose only from acid makes gonorrhoeae
but N. meningitidis produces acid from both     

.maltose and glucose           
 

https://en.wikipedia.org/wiki/Oxidase
https://en.wikipedia.org/wiki/Catalase
https://en.wikipedia.org/wiki/Glucose
https://en.wikipedia.org/wiki/Maltose


Polysaccharide capsule: 
 

• capsule polysaccharide a has meningitidis .N
that surrounds the outer membrane of the 
bacterium and protects against 

 within mechanisms effector immune soluble
 an be to considered is It .serum the
 .bacteria the for factor virulence essential

N.gonorrhoeae possesses no such capsule. 

https://en.wikipedia.org/wiki/Polysaccharide
https://en.wikipedia.org/wiki/Immune
https://en.wikipedia.org/wiki/Serous_fluid
https://en.wikipedia.org/wiki/Virulence_factor


Neisseria gonorrhoeae: 
 

• Neisseria gonorrhoeae; commonly termed as gonococcus 
(gonococci in plural). 

• In 1879, the gonococcus was first described by Neisser in 
gonorrheal pus. 

• Members of the genus Neisseria dominate the mucous 
membranes of human and other animals. 

• Neisseria gonorrhoeae is responsible to cause the sexually 
transmitted disease gonorrhoeae. 

• Gonococci are suited to grow on mucous membranes and 
hence are not able to tolerate drying. 

•Their fragility restricts the transmission to direct contact 
between mucous membranes or the exchange of 
contaminated secretions .                                                              



Morphology of Neisseria 
gonorrhoeae: 

 
• Under the microscope, it appears as a gram-

negative coccus which is present in pairs 
(diplococci) with the flattening of the adjacent 
sides. 

• The diameter ranges from 0.6-1 μm. 
• The diplococci have kidney/coffee bean shape. 
• It is a non-spore forming bacteria and is able 

to move using twitching motility. 
• Gonococci exhibit pili on their surface. 

 



Gram stain of N.gonorrhoeae 

 



• Pili enhances the binding of the cocci to the 
mucosal surfaces and promotes virulence by 
restricting phagocytosis. 

• Human red blood cells are agglutinated by 
piliated gonococci, but not red cells from 
other mammals. 

 



•Cultural and biochemical characteristics for 
identification of Neisseria gonorrhoeae:           

 



• Gonorrhoeae is a fragile organism with strict 
environmental and nutritional requirements. 

• At pH 7.0-7.4 and at a temperature of 35-36 °C, 
growth occurs best. 

• It is an aerobe meaning it needs oxygen to grow, 
however it can grow in anaerobic conditions as 
well. 

• The supply of 5-10 percent CO2 is needed. 
• They grow rapidly on chocolate agar and Mueller-

Hinton agar .The Thayer-Martin medium 
(chocolate agar 
 



• containing antimicrobials such as vancomycin, 
colistin and nystatin) is a common selective 
medium that inhibits most contamination, 
including nonpathogenic Neisseria. 

• Trimethoprim lactate may be introduced to 
the Thayer-Martin medium to suppress 
swarming Proteus species that are sometimes 
present in cervicovaginal and rectal 
specimens. 

 



 
 

  The growth of Neisseria 
colonies on chocolate agar  



• Neisseria gonorrhoeae shows positive oxidase 
test (having cytochrome c oxidase) and is 
catalase positive as well, it can convert 
hydrogen peroxide to oxygen. 

• The acid production takes place only from 
glucose and not from maltose, and also it does 
not ferment lactose or sucrose. 

 



Oxidase test 
    Positive                  Negative     

 



Oxidase test 
Positive 

 



Virulence factors of Neisseria 
gonorrhoae: 

 
•Pili: 

•Pili are hair-like appendages that reach out of 
the gonococcal surface up to several 
micrometers. 

•By facilitating attachment to host cells and 
inhibiting phagocytosis, they serve as 
virulence factors 



•Por protein (Protein I): 
 

– The Por protein is an essential outer membrane protein 
present on all gonococcal strains. 

– It forms pores or channels in the outer membrane. 
• Opa proteins (Protein II): 

– Opa are the opacity proteins that are variably expressed 
on gonnacoccal strains that is responsible for phenotypes 
of various colony. 

– These proteins promote bacterial attachment to each 
other along with eukaryotic cells and also for the clumping 
of cocci seen in urethral exudate smears. 

 
 



•Rmp (Protein III): 
 

– Highly conserved Rmp proteins (reduction-
modifiable proteins, formerly protein III) are the 
third group of proteins in the outer membrane. 

– These proteins induce antibodies which inhibit the 
serum bactericidal activity against N. 
gonorrhoeae. 

 



• Lipo-oligosaccharide (LOS): 
– This antigen has endotoxic activity and is 

composed of lipid A and a main oligo-saccharide 
identical to gram-negative lipopolysaccharide 
(LPS). 

• Other proteins: 
– The other important gonococcal proteins are IgA 

protease which degrades secretory IgA and beta-
lactamase which degrades penicillin. 

 



Resistance showed by gonococcus: 
 

• Gonococcus is a very sensitive organism, readily 
destroyed by drying, soap and water, and many other 
washing agents or antiseptic agents when used and 
diluted correctly. 

• Organisms can remain viable in pus-contaminating 
linen or other fabrics for a day or so. 

• In cultures, the coccus dies in 3-4 days at room 
temperature. 

• The most effective method for long-term gonococcus 
storage is freeze-drying, but storage at-70 ° C or in 
liquid nitrogen might be more convenient for 
intermediate storage. 

 



Pathogenesis of Neisseria 
gonorrhoeae: 

 
•Gonococcal Infection in men: 

• A few days after unprotected vaginal or anal 
sexual intercourse, acute urethritis in males is the 
most common clinical presentation. 

• Discharge or dysuria normally occurs within 1 
week of exposure, but there are never any signs 
or symptoms for as many as 5-10 percent of 
patients. 

• The discharge is characteristically purulent, and in 
the gram stain of the exudate, gram-negative 
intracellular diplo-cocci can be easily seen. 

 



•There may be an asymptomatic condition in 
men up to several weeks after infection. 

 



•Gonococcal infection in women: 
• The endocervix is the main site of infection in 

women and spreads to the urethra and vagina, 
causing mucopurulent discharge to occur. 

• In adults, the vaginal mucosa is typically not 
affected because the stratified squamous 
epithelium is immune to cocci infection and also 
due to the acid pH of vaginal secretions, but in 
prepubertal girls, serious vulvovaginitis can occur. 

• Asymptomatic carriage is prevalent in females, 
especially in the endocervical canal. 

 



•Vaginal discharge, dysuria, and abdominal 
pain are widely experienced by symptomatic 
patients. 
• Clinical disease is less severe in women, many 

of whom may bear cervical gonococcus 
without any clinical symptoms. 
 

 



Laboratory diagnosis of Neisseria 
gonorrhoeae : 

 
• Direct microscopy: 
• Gram staining is performed with a few 

extracellular species that are typical of 
gonococcal infection. 

• The smear is confirmed showing characteristic 
kidney-shaped gram-negative diplococci lying 
inside polymorphonuclear leucocytes. 

 



• Culture: 
• In acute gonorrhea, cultures can be acquired 

commonly on chocolate agar or Mueller-
Hinton agar incubated at 35-36°C along with 
5-10% CO2. 

• However, it is best to use a selective medium 
such as the Thayer-Martin medium in chronic 
cases. 

 



•After 24 hours of incubation, the plates are 
examined and morphology and biochemical   
reactions identify the growth. 

 



• Biochemical reactions 
• Gonorrhoeae are preliminarily defined on the 

basis of the isolation of oxidase-positive. 
• It only ferments glucose with acid. 

 



Neisseria gonorrhoeae test result 

 



 



• Serological diagnosis: 
• It is not really possible to obtain gonococci in 

culture from some chronic cases as well as 
from patients with metastatic lesions like 
arthritis. 

• In such cases, serological tests are essential. 
• Complement fixation tests 
• Immunoblotting, radioimmunoassay, ELISA 

(enzyme-linked immunosorbent assay) tests. 
 



• However, for routine diagnostic purposes, 
there was no serological test found to be 
useful. 

• Such tests are neither sensitive nor precise 
and are not recommended for use. 

 



Neisseria meningitidis 
 

• Neisseria meningitidis, often referred to 
as meningococcus, is a Gram-negative bacterium that 
can cause meningitis and other forms 
of meningococcal disease such as a life-
threatening sepsis. The bacterium is referred to as 
a coccus because it is round, and more 
specifically, diplococcus because of its tendency to 
form pairs. About 10% of adults are carriers of the 
bacteria in their nasopharynx. 

• N. meningitidis is spread through saliva and 
respiratory secretions during coughing, sneezing, 
kissing, chewing on toys and even through sharing a 
source of fresh water.  

https://en.wikipedia.org/wiki/Gram-negative_bacteria
https://en.wikipedia.org/wiki/Meningitis
https://en.wikipedia.org/wiki/Meningococcal_disease
https://en.wikipedia.org/wiki/Sepsis
https://en.wikipedia.org/wiki/Coccus
https://en.wikipedia.org/wiki/Diplococcus
https://en.wikipedia.org/wiki/Nasopharynx


Morphology 
• diplococcus negative-Gram is a meningitidisN. 

since it has an outer and inner membranes 
in between.  peptidoglycan with a thin layer of

It is 0.6–1.0 micrometers in size. It tests 
.cytochrome c oxidase positive for the enzyme 
 

https://en.wikipedia.org/wiki/Gram-negative
https://en.wikipedia.org/wiki/Peptidoglycan
https://en.wikipedia.org/wiki/Cytochrome_c_oxidase


Neisseria meningitidis in 
cerebrospinal fluid (CSF) seen by 
Gram stain at 1000x magnification 



Diagnosis 
 

•(CSF) is  cerebrospinal fluid A small amount of
sent to the laboratory as soon as possible for 
analysis. The diagnosis is suspected, 

are seen  diplococci negative-Gram when
of a centrifuged sample of CSF;  Gram stain on

white  sometimes they are located inside
. The microscopic identification blood cells

takes around 1–2 hours after specimen arrival 
in the laboratory. 

https://en.wikipedia.org/wiki/Cerebrospinal_fluid
https://en.wikipedia.org/wiki/Gram-negative
https://en.wikipedia.org/wiki/Gram_stain
https://en.wikipedia.org/wiki/White_blood_cells
https://en.wikipedia.org/wiki/White_blood_cells


•Biochemical tests : 
•Oxidase positive 

•Carbohydrate utilization test with CTA(Cystine 
trypticase agar)Sugars: 

•It ferment glucose and maltose.   
 



 



Virulence factors 
 

•(LOS) is a component of  Lipooligosaccharide
. This meningitidisN.  of outer membrane the

and is responsible  endotoxin acts as an
and hemorrhage due to the  septic shock for

destruction of red blood cells. Other virulence 
which  capsule factors include a polysaccharide

and aids in evasion  phagocytosis prevents host
of the host immune response. 

https://en.wikipedia.org/wiki/Lipooligosaccharide
https://en.wikipedia.org/wiki/Bacterial_outer_membrane
https://en.wikipedia.org/wiki/Endotoxin
https://en.wikipedia.org/wiki/Septic_shock
https://en.wikipedia.org/wiki/Capsule_(microbiology)
https://en.wikipedia.org/wiki/Phagocytosis


•mediate attachment of the  imbriaeF
of the  epithelial cells bacterium to the

nasopharynx. 
•Meningococci produce an IgA protease, an 

enzyme that cleaves IgA class antibodies and 
thus allows the bacteria to evade a subclass of 
the humoral immune system. 

https://en.wikipedia.org/wiki/Fimbria_(bacteriology)
https://en.wikipedia.org/wiki/Epithelial_cells


 
 
 

•Thank you 
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Oral Normal flora 

In a healthy human body, the internal tissues, e.g. blood, brain, muscle, etc., are 

normally free of microorganisms. However, the surface tissues are constantly in 

contact with environmental organisms and be colonized by various microbial 

species. The mixture of organisms regularly found at any anatomical site is 

referred to as the normal flora. 

Normal flora is an aggregate of microorganisms that placed on the surface 

tissues which are constantly in contact with environmental atmosphere, i.e., skin 

and mucous membranes. 

Oral Microbiota: The Normal bacterial flora that are placed in the oral cavity is 

called as oral microflora. Both host and bacteria are thought to derive benefit 

from each other, this the associations is, for the most part, mutualistic. 

- This resident microflora contributes directly and indirectly to the normal 

development of the physiology, nutrition and defense systems of the host. 

- The microbial colonization of all environmentally accessible surfaces of 

the body (both external and internal) begins at birth. 

- Such surfaces are exposed to a wide range of microorganisms derived from 

the environment and from other persons For example, staphylococci and 

micrococci predominate on the skin surface. 

- Similarly, over 700 types of microorganism found in the mouth are able to 

colonize the gastrointestinal tract, despite the continual passage of these 

microbes through the gut. 

 

The relationship between the Oral Microbiota and the host can be broken down 

and the disease may occur. This usually because of: 
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 1-Major biological changes of the mouth from exogenous sources (e.g. 

Antibiotic treatment ) or Endogenous changes (Alterations in the host 

defenses) which affect the natural stability of the microflora. 

2- -The presence of microorganisms at the sites not normally accessible to 

them as normal flora. 
 

As a sequence of mouth-normal flora relationship disorder, an episodes of oral 

bacterial infections caused by its oral microflora. The commonest clinical aspect 

of such imbalances are dental caries and periodontal diseases. 

 

Dental caries: is a decay of enamel or root surfaces by acid produced primarily 

from the metabolism of fermentable carbohydrates of the bacterial diet that are 

colonizing the tooth surface (dental plaque). Dental plaque is also associated with 

the etiology of periodontal diseases which causes an inappropriate inflammatory 

response to an increased microbial load (due to plaque accumulation) around the 

gingivae, resulting in damage to the supporting tissues of the teeth. 

 

MICROBIAL ECOLOGY  

Most diseases of the mouth have a polymicrobial (multiple species) etiology. The 

ability of bacteria to cause disease depends on the outcome of various interactions 

among the microbes themselves, and between these microorganisms and the host.  

The composition and metabolism of bacteria at a site will be influenced by:   

1- Flow rate and properties of saliva  

2- The life-style of an individual (in particular, tobacco habit, the nature of the 

diet, and exposure to medication)  

3- The integrity of the host defenses.  

4- Oral microflora 
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The mouth as a microbial habitat  

The properties of the mouth as a microbial habitat are dynamic, and will change 

during the life of an individual. During the first few months of life the mouth 

consists only of mucosal surfaces for microbial colonization. The eruption of 

teeth provides a unique, hard non-shedding surface which enables much larger 

masses of microorganisms (dental plaque) to accumulate as biofilms. When the 

Gingival crevicular fluid (GCF) is produced, it can provide additional nutrients 

for subgingival microorganisms. The ecology of the mouth will change over time 

due to the eruption or extraction of teeth, the insertion of orthodontic bands or 

dentures, and any dental treatment including scaling and restorations.  

Transient fluctuations in the stability of the oral ecosystem may be induced by 

the frequency and type of food ingested, variations in saliva flow, and courses of 

antibiotic therapy.  

Four features that help to make the oral cavity distinct from other areas of the 

body are: specialized mucosal surfaces, teeth, saliva and gingival crevicular fluid. 
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Mucosal surfaces  

The mouth is similar to other ecosystems in the digestive tract in having mucosal 

surfaces for microbial colonization. The microbial load is relatively low on such 

surfaces due to desquamation. The papillary structure of the tongue dorsum 

provides refuge for many microorganisms which would otherwise be removed by 

mastication and the flow of saliva. Such sites on the tongue can also have a low 

redox potential which enable obligately anaerobic bacteria to grow and act as a 

reservoir for some of the Gram negative anaerobes that are implicated in the 

etiology of periodontal diseases and are responsible for malodor. The mouth also 

contains keratinized and non-keratinized stratified squamous epithelium which 

may influence the intra-oral distribution of some microorganisms. 

Teeth :Teeth (and dentures) allow the accumulation of large masses of 

microorganisms and their extracellular products, termed dental plaque. In disease, 

there is a shift in the composition of the plaque microflora away from the species 

that predominate in health. With ageing, recession of the gingival tissues can 

expose cementum to microbial colonization and disease. 
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Teeth do not provide a uniform habitat but possess several distinct surfaces. These 

surfaces are optimal for colonization and growth by different populations of 

microorganism.  

 

_ The stagnant areas between adjacent teeth (approximal) and in the gingival 

crevice afford most protection to colonizing microorganisms in the mouth . Both 

sites are also anaerobic and, in addition, the gingival crevice region is bathed in 

the nutritionally-rich gingival crevicular fluid (GCF), particularly during 

inflammation.  

 

_ Smooth surfaces are more exposed to the environment and can only be 

colonized by a limited number of bacterial species.  

 

_Pits and fissures of the biting (occlusal) surfaces of the teeth also offer 

protection from oral removal forces such as saliva flow, and can contain impacted 

food debris. Environmental conditions on the tooth also vary in health and disease 

. For example, as caries progresses, the advancing front of the lesion penetrates 

the dentine. The nutritional sources can be changed and local conditions may 

become acidic and more anaerobic due to the accumulation of bacterial 

metabolism products. Similarly, in disease, the gingival crevice develops into a 

periodontal pocket and the production of GCF is increased. These new 

environments will select the microbial community most adapted to the prevailing 

conditions. change in the local environment possibly resulting in a shift in the 

composition and metabolism of the microflora. 
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Saliva  
The mouth is kept moist and lubricated by saliva which flows to form a thin film 

(approximately 0.1mm deep) over all the internal surfaces of the oral cavity. 

Saliva plays major role in maintaining the integrity of teeth when dental plaque 

is produced, following the metabolism of dietary damaging acids (potentially 

carbohydrates). Bicarbonate is the major buffering system in saliva, but 

phosphates, peptides and proteins are also involved. The main pH of saliva is 

between pH 6.75 and 7.25, the pH and buffering capacity will vary with the flow 

rate. The slowest flow of saliva occurring during sleep. 

The major organic constituents of saliva are proteins and glycoproteins, such as 

mucin, and they influence the oral microflora by:  

• Adsorbing to the tooth surface to form a conditioning film (the acquired 

pellicle), when microorganisms are able to attach  

• Acting as primary sources of nutrients (carbohydrates and proteins) for the 

resident microflora,  

• Aggregating exogenous microorganisms, thereby facilitating their clearance 

from the mouth by swallowing,  
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• Inhibiting the growth of some exogenous microorganisms.  

Other nitrogenous compounds provided by saliva include urea and numerous 

amino acids. The concentration of free carbohydrates is low in saliva, and most 

oral bacteria produce glycosidases to degrade the side-chains of host 

glycoproteins.  

 Antimicrobial factors, including lysozyme, lactoferrin, and the sialoperoxidase 

system, are present in saliva and play a key role in controlling bacterial and fungal 

colonization of the mouth. Antibodies have been detected, with secretory IgA 

(sIgA) being the predominant class of immunoglobulin; IgG and IgM are 

also present but in lower concentrations. A range of peptides with 

antimicrobial activity, including histidine-rich polypeptides (histatins), cystatins 

and defensins are also present in saliva.  

Gingival crevicular fluid (GCF)  
Serum components can reach the mouth by the flow of a serum-like fluid through 

the junctional epithelium of the gingiva. The flow of gingival crevicular fluid 

(GCF) is relatively slow at healthy sites, increases in gingivitis and in advanced 

periodontal diseases, as part of the inflammatory response to the accumulation of 

plaque around the gingival margin.  

GCF can influence the microbial ecology of the site in a number of ways.* Its 

flow will remove non-adherent microbial cells, and *introduce components of the 

host defenses, especially IgG and neutrophils.  

GCF is a source of nutrients for the resident microorganisms . Many bacteria from 

subgingival plaque are proteolytic and interact synergistically to break down the 

host proteins and glycoproteins to provide peptides, amino acids and 

carbohydrates for growth. Essential cofactors for growth, including haemin for 

black-pigmented anaerobes, from the degradation of haeme-containing 

molecules such as transferrin, haemopexin, and haemoglobin. The increased 

production of gingival crevicular fluid during diseases leads to decrease of the 
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periodontal pocket acidity ( pH during health is 6.90, while pH during periodontal 

diseases is between 7.25 - 7.75). proteases of opportunistic pathogens is enhanced 

at alkaline pH (pH 7.5–8.0).  

GCF contains components of the host defenses. regulating the microflora of the 

gingival crevice in health and disease. IgM and IgA are also present, as 

acomplement. GCF contains leukocytes, of which 95% are neutrophils ( can 

phagocytose bacteria within the crevice ), the remainder being lymphocytes and 

monocytes  

. 

Factors Affecting Oral Microbial Growth 

Temperature  
The human mouth temperature is (35–36°C) provides stable conditions, suitable 

for the growth of microorganisms. Periodontal pockets with inflammation have a 

higher temperature (up to 39°C) compared with healthy sites. Small increasing in 

temperature can significantly alter bacterial gene expression, and possibly the 

competitiveness of individual species. A rise in temperature down-regulates the 

expression of some of the major proteases and fimbriae proteins in the periodontal 

pathogen, Porphyromonas gingivalis, and up-regulates synthesis of superoxide 

dismutase, which is involved in the neutralization of toxic oxygen metabolites.  

 

Oxygen tension :  

Oxygen concentrations are very at different locations in the oral cavity. 

As may be expected, the dorsum of the tongue and the buccal and palatal mucosa 

are in an essentially aerobic environment.  

The oxygen tension inside a periodontal pocket is very low, with the species 

having a tendency to become reduced rather than oxidized, explaining the 

survival of obligate anaerobe. Therefore obligate aerobic organisms (which 
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require oxygen) cannot survive, whereas obligate anaerobic organisms (which 

cannot tolerate the presence of oxygen) are able to thrive. 

pH :Shifts in the proportions of bacteria within dental plaque can occur 

following fluctuations in environmental pH . After sugar consumption, the pH in 

plaque can fall rapidly to below pH 5.0 by the production of lactic acid, the 

bacteria in plaque will be exposed to varying challenges of low pH . Many of the 

bacteria that are associated with healthy sites can tolerate brief conditions of low 

pH, but are inhibited or killed by frequent or long exposures to acidic conditions. 

This can enhanced growth of, or colonization by, acid-tolerant species, mutans 

streptococci and Lactobacillus .In contrast, the pH of the gingival crevice can 

become alkaline during the host inflammatory response in periodontal disease, 

probably as a result of bacterial metabolism, e.g. ammonia production from urea. 

The pH of the healthy gingival crevice is 6.90, and rises to between pH 7.2 and 

7.4 during disease. High PH can alter the pattern of gene expression in 

subgingival bacteria  

 

  



Dr Mohammed Radhi                                                                     Karama.T.Altaee  
M.Sc. Medical Microbiology                                                         M.Sc. Medical Microbiology 
PhD. Molecular Microbiology.UK 

 10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nutrients: 

(i) Endogenous nutrients The persistence and diversity of the resident oral 

microflora is due primarily to the metabolism of the endogenous nutrients 

provided by the host, rather than by exogenous factors in the diet.  

Saliva, which contains amino acids, peptides, proteins and glycoproteins vitamins 

and gases.  

Gingival crevice is supplied with GCF( nutrients, such as albumin and other host 

proteins and glycoproteins, including haeme containing molecules ) .  

(ii) Exogenous (dietary) nutrients ,fermentable carbohydrates are the only class 

of compound that markedly influence the ecology of the mouth. broken down to 

acids.  

The levels of acid-tolerating species, especially mutans streptococci and 

lactobacilli, increase while the growth of acid-sensitive species is inhibited or 

decreased. This predispose a site to dental caries. Dairy products (milk, cheese) 

have some influence on the ecology of the mouth.  
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Host defenses  
Mucosa (and enamel) a physical barrier to prevent penetration by microorganisms 

or antigens  

(i) Innate immunity: Chewing and the natural flow of saliva (or GCF in the 

gingival crevice) will remove microorganisms not firmly attached to an oral 

surface, and their physical removal by swallowing is an important defense 

mechanism., desquamation ensures that the bacterial load on most mucosal 

surfaces is light  

Mucins agglutinate oral bacteria, interact with exogenous pathogens such as 

Staphylococcus aureus and Pseudomonas aeruginosa, as well as viruses 

including influenza virus.  

Lysozyme aggregate both Gram positive bacteria (including streptococci) and 

Gram negative periodontal pathogens. lyse bacteria by hydrolyzing 

peptidoglycan.  

Chitinase attacking yeast cell walls.  

lactoferrin bactericidal to a range of Gram positive and Gram negative bacteria 

and anti-inflammatory  

Defensins are a family of antibacterial peptides with a broad spectrum of 

antibacterial, antifungal and antiviral (including HIV) activity.  

Cathelicidin antimicrobial peptide that is secreted by epithelial cell.  

(ii) Adaptive immunity: Components of the specific host defenses 

(intraepithelial lymphocytes and Langerhans cells, immunoglobulins IgG and 

IgA) are found on and within the mucosa .where they act as a barrier to 

penetrating antigens. The predominant immunoglobulin in the healthy mouth is 

secretory IgA (sIgA), which is produced by plasma cells in the salivary gland. 

sIgA can agglutinate oral bacteria, modulate enzyme activity, and inhibit the 

adherence of bacteria to the buccal epithelium and to enamel. sIgA is usually 
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considered to be a first line of defense compared with other classes of 

immunoglobulin.  

 

The resident oral microflora  

Gram positive bacteria are commonly distributed on most surfaces of the mouth. 

The predominant genera are Streptococcus and Actinomyces; representative 

species are found at healthy sites, although many can also act as opportunistic 

pathogens. For example, mutans streptococci are implicated in dental caries . 
 

GRAM POSITIVE COCCI  

Streptococcus : Streptococci have been isolated from all sites in the mouth and 

comprise a large proportion of the resident oral microflora.  

S. mutans ,S. salivarius and S. vestibularis , S. milleri , S. sanguis  

Other Gram positive cocci : Enterococcus faecalis  
 

GRAM POSITIVE RODS AND FILAMENTS  

Eubacterium and related genera : Eubacterium saburreum, E. yurii. 

Mogibacterium  

 

Lactobacillus: The most common species are  

L. casei, L. rhamnosus, L. fermentum, L. acidophilus, L. salivarius, L. plantarum, 

L. paracasei, L. gasseri and L. oris.  

Other genera : Corynebacterium  

Oral Gram negative bacteria are diverse, and include species that are 

facultatively and obligately anaerobic, as well as species that are microaerophilic 

and capnophilic. Veillonella are anaerobic Gram negative cocci that play an 

important role in dental plaque by converting lactate to weaker acids. Most of the 

anaerobic Gram negative bacilli are found in dental plaque, and have an 
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asaccharolytic metabolism, and depend on proteins and glycoproteins for their 

nutrition; some common genera include Prevotella and Fusobacterium.  

 

GRAM NEGATIVE COCCI: Neisseria,Veillonella ,  

Facultatively anaerobic and capnophilic genera  

H. parainfluenzae  

Obligately anaerobic genera :Prevotella  

 
FUNGI Aspergillus, Candida( Candida albicans )  

VIRUSES: Cytomegalovirus  

PROTOZOA: Trichomonas tenax, Entamoeba gingivalis 
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Fungal cells 

•are of two basic morphological types:  Fungal cells
(multicellular filamentous fungi) or the  hyphae true

yeasts (unicellular fungi), which make pseudohyphae. 
A fungal cell has a true nucleus, internal cell 
structures, and a cell wall. The main types of ‘cells’ 
produced by human pathogenic fungi are hyphae, 
yeast cells, and spores. 

•Furthermore, hyphae may have some specialized 
structure or appearance that aids in identification. 

• 
 

https://www.sciencedirect.com/topics/immunology-and-microbiology/fungal-cell
https://www.sciencedirect.com/topics/immunology-and-microbiology/fungal-cell
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/hypha


•Morphological types of fungi : 
• Three major groups : 

•1. Molds(filamentous)fungi.   
•2. Yeasts fungi. 

•3. Dimorphic fungi : fungi that have both a 
yeast stage and a mold stage , Mushrooms. 



Filamentous fungi 
 



 



 



Reproduction 
•The simplest method of reproduction of fungi is 

, the body of a thallus of the fragmentation by
celled -, which are singleyeasts fungus. Some

, fission , orcell division fungi, reproduce by simple
in which one cell undergoes nuclear division and 

; after some growth, daughter cells splits into two
these cells divide, and eventually a population of 
cells forms. In filamentous fungi the mycelium 
may fragment into a number of segments, each 
of which is capable of growing into a new 
individual. 

https://www.britannica.com/science/thallus
https://www.britannica.com/science/fragmentation
https://www.britannica.com/science/yeast-fungus
https://www.britannica.com/science/binary-fission
https://www.britannica.com/science/meiosis-cytology
https://www.britannica.com/science/daughter-cell


•, which is another method of asexual Budding
reproduction, occurs in most yeasts and in some 
filamentous fungi. In this process, a bud develops on 

cell or the hypha, with  yeast the surface of either the
of the bud being continuous with that  cytoplasm the

of the parent cell then  nucleus of the parent cell. The
divides; one of the daughter nuclei migrates into the 
bud, and the other remains in the parent cell. The 
parent cell is capable of producing many buds over 
its surface by continuous synthesis of cytoplasm and 
repeated nuclear divisions.  

• 
 

https://www.britannica.com/science/budding-reproduction
https://www.britannica.com/science/yeast-fungus
https://www.britannica.com/science/cytoplasm
https://www.britannica.com/science/nucleus-biology


•After a bud develops to a certain point and even 
before it is severed from the parent cell, it is itself 
capable of budding by the same process. In this 
way, a chain of cells may be produced. Eventually, 
the individual buds pinch off the parent cell and 
become individual yeast cells. Buds that are 
pinched off a hypha of a filamentous fungus 
behave as spores; that is, they germinate, each 
giving rise to a structure called a germ tube, 
which develops into a new hypha. 



•Sexual reproduction, an important source of genetic 
variability, allows the fungus to adapt to 

. The process of sexual environments new
reproduction among the fungi is in many ways 
unique. In fungi the nuclear membrane remains 
intact throughout the process, although gaps in 

are found in some species.  integrity its
of the fungus becomes pinched at its  nucleus The

are pulled  chromosomes diploid midpoint, and the
apart by spindle fibres formed within the intact 

is usually also retained and  nucleolus nucleus. The
divided between the daughter cells, although it may 
be expelled from the nucleus, or it may be dispersed 
within the nucleus but detectable. 

• 
 

https://www.merriam-webster.com/dictionary/environments
https://www.merriam-webster.com/dictionary/integrity
https://www.britannica.com/science/nucleus-biology
https://www.britannica.com/science/chromosome
https://www.britannica.com/science/diploidy
https://www.britannica.com/science/nucleolus


•Hyphae: 
•The majority of fungi are moulds, which 

are characterized by producing 
filamentous hyphae. Different types of 
hyphae possess unique combinations of 
structural, behavioural, and functional 
attributes.  

 



•The vegetative hypha at the periphery of a 
colony is a tip-growing cellular element that 
undergoes regular branching, is commonly 
multinucleate, and usually produces septa 
(cross walls). The mass of vegetative hyphae in 
the colony of a filamentous fungus is referred to 
as a mycelium. Many (but not all) filamentous 
fungi undergo prolific cell fusion within the 
colony to form a complex interconnected 
hyphal network. 



•Yeast cells 
• Yeast cells are typically uninucleate single cells 

that reproduce vegetatively by processes 
involving septation and separation of 
daughter cells that can occur either by 
budding or by binary fission. The budding 
yeast Saccharomyces cerevisiae and the fission 
yeast, Schizosaccharomyces pombe, have 
been studied extensively as eukaryotic 
models, particularly in relation to the cell cycle 
and cell polarization.  



Yeasts 
 



 



•Many important fungal pathogens produce yeast cells, and 
most of these (e.g. Candida, Cryptococcus, Histoplasma, 
Blastomyces, and Paracoccidioides) propagate themselves 
during infection by budding with the notable exception of the 
yeast cells of Penicillium (Talaromyces) marneffei, which 
reproduce by binary fission. Besides producing yeast cells, 
most of these pathogens are described as dimorphic or 
filamentous yeasts because, under certain conditions, they 
can produce hyphae . Indeed, some species (notably C. 
albicans) are often called polymorphic because they also 
form pseudohyphae, which more closely resemble yeast cells 
than hyphae. 

 



•Pseudohyphae 
•These are formed by budding yeast cells 

remaining attached and becoming elongated. 
Subsequent budding of these attached cells 
results in highly branched structures with 
constrictions between each cell. Mechanical 
agitation easily disrupts the attachment 
between pseudohyphal cells. 

 



 



•Dimorphism 
•The ability to exhibit dimorphic switching 

between a yeast and a hyphal growth form is a 
key feature of many human fungal pathogens. 
In C. albicans, both morphological forms, as 
well as pseudohyphae, are important for 
virulence and have distinct functions during 
the different stages of disease development, 
including adhesion, invasion, damage, 
dissemination, immune evasion, and the host 
response.  

 



Oral Aspect of fungal infections 

•Fungal infections in the oral and perioral 
regions occur either as primary localized 
lesions or as manifestations of systemic 
mycoses. The most common group of fungal 
infections that dental practitioners diagnose 
and treat are caused by Candida spp. Some of 
the rarer mycoses such as histoplasmosis . 

•  



•The majority of opportunistic oral mucosal fungal 
infections are due to Candida 
albicans and Aspergillus fumigatus 
species. Mucor and Cryptococcus also have a 
major role in causing oral infections, 
whereas,Fusarium,Saccharomyces and Penicillium 
marneffei are uncommon pathogens in the oral 
cavity. The broad spectrum of clinical 
presentation includes pseudo-membranes, 
abscesses, ulcers, pustules and extensive tissue 
necrosis involving bone.  



•Yeasts occur commonly in the oral cavity in 
healthy individuals. The prevalent species is 
Candida albicans (about 60-70% of all isolates) 
and C. tropicalis. The yeast flora increases in 
many patient groups, especially those who are 
immunocompromised.  

•C. albicans is the most important species, being 
the cause of almost all cases of yeast infections in 
the region, often in association with other 
species. The number isolated from the oral cavity 
depends on testing site and methods used.  



 



•Other species responsible for oral infections 
have also been identified including C. glabrata, 
C. krusei, C. parapsilosis, and C. tropicalis.  



•Candidiasis  

•Is a primary or secondary mycotic infection caused 
by members of the genus Candida , the clinical 
manifestations may be acute, sub- acute or chronic 
and involvement may be localized to the mouth, 
throat, skin, scalp, vagina, fingers, nails, bronchi, 
lungs, or the gastrointestinal tract, or become 
systemic as in septicemia, endocarditic and 
meningitis .Systemic candidiasis is usually seen in 
patients with cell-mediated immune deficiency, and 
those receiving aggressive cancer treatment, 
immunosuppression, or transplantation therapy. 

 



Oral candidiasis 
 



•Thrush 
It is an infection of mouth caused by Candida and the 
common sign of thrush is the presence of creamy white , 
slightly raised lesion of the mouth . The lesion , may have a 
"cottage cheese " appearance , in severe cases , may spread 
into the esophagus, causing pain or difficulty swallowing . 
Stomatitis 
Stomatitis is an inflammation of the mucus lining of any of 
the structures in the mouth which may involve the gums , 
tongue , lips and throat . 
Erythematous candidosis  

•Related to dentures is the most common form of oral 
candidosis in about 50 % of denture wearer. 



Oral thrush 
 



Candida-associated denture 
stomatitis  

 
 



Candidiasis 
 



•Angualr cheilitis 
Angular cheilitis is an inflammatory lesion at 
the corner of the mouth and often occurs 
bilaterally. Nutritional deficiencies such as 
vitamin B12 and iron also some underlying 
causes for angular cheilitis . It also reported 
that angular cheilitis is one of the common 
presentations of oral candidiasis in HIV 
infected patients. 



Angular cheilitis 
 



•Pathogenesis 
The ability of Candida to adhere to the mucosa 
and dentures plays an important role in the 
pathogenesis of oral yeast infections . Adherence 
is achieved by specific and nonspecific 
mechanisms. However the mechanisms of are 
still not fully understood . Local defense 
mechanisms have a key role in preventing yeast 
colonization in the oral cavity.  



•These include the physical local barrier of the 
epithelia, secretory immunoglobulin A, and 
salivary factors such as flow rate and specific 
molecules (lysozyme, histatin and lactoferrin). 
Secreted aspartic proteinase (SAP), 
phospholipases and lipases are extracellular 
enzymes that facilitate adherence and/or tissue 
penetration. SAPs efficiently degrade extracellular 
matrix and host surface proteins (laminin, 
fibronectin, and mucin). 

 



•Histopathology 
The histological profile of C. albicans 
infections shows yeasts and pseudohyphae. C. 
glabrata, however, appears to produce only 
yeast forms . Histopathologic response is in 
most cases characterized as inflammatory or 
as an abscess.  



Examples risk patients for oral 
candidiasis 

 
- Patients with dental prosthese 
- Patients with reduced salivary flow rate 
- Patients with oral mucosal diseases 
- Asthmatic patients on corticosteroid therapy 
- Diabetic patients 
- Patients with rheumatic diseases 
- HIV infected and AIDS patients 
- Patients with malignant disease 
- Patients receiving immunosuppressive drugs 
- Patients receiving radiotherapy to the head and neck 
- The elderly. 



Identification of Candida 
 

•Microscopic examination of the smears 
stained KOH preparation can reveal candidal 
hyphae and blastospores. 

•Culture on Sabouraud's dextrose agar (SDA) at 
25-30⁰C for 48-72 hours.Germ tube growth 
can be used for identification of C. albicans.  

 



•CHROM agar is a medium that is widely used 
to identify C. albicans, C. krusei, and 
C..tropicalis. The medium contains 
chromogenic substrates which react with 
enzymes secreted by the target micro-
organisms to yeald colonies of varying colours. 
C.albicans forms green colonies, C.tropicalis 
steel blue colonies, and C.krusei forms rose 
coloured colonies. 

 



Aspergillosis 
•Aspergillosis has been reported as the second most prevalent 

opportunistic fungal infection.  Aspergillus species are 
universally found in humid areas, damp soil, grain, cereal, 
mouldy flour and organic decaying or decomposing matter. In 
the hospital setting, construction activities, rotten leaves or 
insufficient cleaning of dust can increase the risk of 
developing aspergillosis. Aspergillus fumigatus is the most 
familiar pathogen of the species. Human infections are also 
caused by less common Aspergillus species, such 
as Aspergillus flavus, Aspergillus terrus. The most common 
species encountered is A. flavus followed by Aspergillus 
fumigatus and A. niger. 



Aspergillosis ulcer 

 



Clinical presentation 
 

•Aspergillosis generally occurs after inhalation of spores, that 
can result in both upper and lower respiratory tract infection- 
bronchopulmonary aspergillosis. From lungs, infections may 
spread to the brain, bone or endocardium. Paranasal sinuses, 
larynx, eyes, ears and the oral cavity may be involved in 
primary aspergillosis. A. fumigatus is the usual agent of sinus 
aspergillosis, whereas A. flavus is more common in invasive 
lesions in immunosuppressed individuals. Orofacial 
aspergillosis is relatively common in patients undergoing 
treatment for malignancies of the blood and blood-forming 
organs. 



CRYPTOCOCCOSIS 
 

•Cryptococcus is another very important human 
fungal pathogen that grows inside the host as 
budding yeast cells. The main characteristic feature 
of yeast cells of Cryptococcus is the formation of a 
polysaccharide capsule around a melanized cell wall. 
The capsule grows in size within the host and is 
considered to be the main virulence factor of C. 
neoformans because it has multiple effects on the 
host, including inhibiting phagocytosis by 
macrophages and modulating the host’s innate and 
adaptive immune responses.  



•Cryptococcus neoformans and Cryptococcus 
gattii are commonly considered as the 
causative agents of cryptococcosis. C. 
neoformans generally affects 
immunocompromised hosts whereas C. 
gattii is isolated more from 
immunocompetent individuals. 



Clinical presentation 
 

•C. neoformans infections usually occurs after 
inhalation of fungal spores from the soil and 
excreta of birds. In immunocompetent 
individuals the infection remains subclinical 
within the lungs. In the immunocompromised 
host, the fungus produces rapid disseminated 
infection involving central nervous system, 
skin, mucous membranes and many other 
tissues. 



Diagnosis 
•Histopathology varies according to the immunological 

status of the host. In immunocompetent hosts, typical 
granulomas are formed at the site of cryptococcal infection, 
with multinucleated giant cells containing intracytoplasmic 
cryptococci in budding forms. In immunosuppressed 
patients, proliferating cryptococci present as extra- and 
intracellular yeast cells with some budding forms with 
reactive macrophages, minor lymphocytic and neutrophilic 
infiltrate. The definitive diagnosis of cryptococcosis is 
established with periodic acid Schiff (PAS), and 
mucicarmine-stained preparations. The fungal cytoplasm 
appears bright by PAS stain and mucicarmine stains the 
fungal capsule. Culture and assay of serum or cerebrospinal 
fluid for capsular antigen is useful. 



Histoplasmosis 
•Histoplasmosis is caused by Histoplasma capsulatum. The 

disease can affect the lungs and cause acute or chronic 
respiratory problems in the immunocompromised 
population.. The reticuloendothelial system, 
gastrointestinal tract and kidneys are also affected by this 
fungus. Histoplasmosis may sometimes appear in a 
mucocutaneous form that can manifest as ulcerating or 
nodular lesions in the oral mucous membrane. The oral 
lesions may also appear granulomatous and may be painful, 
localized on the oral mucosa, tongue or lips. The ulcers may 
often resemble carcinoma or tuberculosis because of the 
raised and rolled borders, usually covered by a yellow or 
greyish membrane.  



Diagnosis 
•Diagnosis is usually confirmed by microscopy, 

culture and serology. The serum 
immunodiffusion assay that detects 
antibodies against the H and M antigens of H. 
capsulatum is reported to be a reliable 
diagnostic method. 



Histoplasmosis ulcer 

 



Blastomycosis 
 

•Blastomycosis is a rare fungal disease caused by Blastomyces 
dermatitidis, a spore found in the soil, when inhaled, it can 
cause disseminated disease or a localized respiratory 
condition. When the disease affects the oral cavity, it 
produces ulcerating mucosal lesions as well as sessile 
projections, granulomatous or verrucous lesions. Small ulcers 
are characteristic oral manifestation and may present as a 
primary lesion or secondary to disseminated disease. The 
isolation of the fungus from clinical specimens and 
histopathological examination of appropriately stained 
sections are the definite method for establishing diagnosis. 
The fungus grows well in standard mycological media such as 
sabouraud dextrose agar SDA, potato dextrose agar or 
inhibitory mold agar. Classically appears as round to oval, 
multinucleate yeast cell with a single broad-based bud under 
the microscope. 



SACCHAROMYCES INFECTION 
 

•Saccharomyces cerevisiae (also known as 
“baker's yeast”) is widespread in nature and is 
a commensal inhabiting the gastrointestinal 
tract of humans. S. cerevisiae is now included 
in some diet or health foods. Fungemia 
from S. cerevisiae can follow the use of live 
yeast capsules of Saccharomyces 
boulardii which are used as probiotics for the 
prevention and treatment of various diarrheal 
disorders. 



Clinical presentation 
 

•Lesions resemble invasive candidiasis due to 
the presence of esophagitis in both 
conditions. Fever may be present in majority 
of patients. Deep site involvement with 
necrosis and granulomatous reaction has also 
been reported. Intra-oral manifestations 
include ulcers with associated painful 
swallowing, dry mouth and burning sensation. 



Diagnosis 
•Direct Gram stain from the swab will show 

majority of Gram-positive budding yeast cells. 
The culture will give creamy-white yeast-like 
growth. The Gram staining from the colony 
will show budding yeast cells without any 
capsule. The organism can be identified using 
corn meal agar and carbohydrate assimilation 
test. 



 
 

•Thank you 
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Bacterial Pathogenicity 
 

 

Infection:  is the invasion of the human body tissues by disease-causing agents, 

their multiplication, and the reaction of host tissues to the infectious agents and 

the toxins they produce.  

 

Mixed infection: Several microbes grow simultaneously at the infection site.  

 

Disease: Any deviation from health, disruption of a tissue or organ caused by 

microbes or their products. 

 

CARRIER: A Person or animal with asymptomatic infection that can be 

transmitted to another susceptible person or animal. 

 

 Human body defenses 

There  are two kinds of body defenses against microbial infections: 

- humoral immunity the aspect of  immunity  that is mediated 

by macromolecules , such as secreted  antibodies,  complement 

proteins, and certain antimicrobial peptides. 

- Cell-mediated immunity is an immune response that does not 

involve antibodies, but rather involves the activation of body  immunity cells 

like phagocytes, antigen-specific cytotoxic T-lymphocytes. 
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According to its way of living bacteria can be classified to   

1. Nonpathogenic: A microorganism that does not cause disease. 

2. Opportunistic pathogen: An agent capable of causing disease only when 

the host's resistance is impaired (e.g. when the patient is 

"immunocompromised). 

3. Pathogenic bacteria: is parasitic bacteria that are the causative agents of 

bacterial infections. 

4. Saprophytic bacteria: which live freely in the soil and feed on decaying 

organic matters. 

5. Commensals: Are parasitic bacteria live on external or internal surfaces of 

the body without causing disease, these bacteria may even be beneficial to 

the host e.g. commensals of the gut digest polysaccharides and are source of 

certain vitamins, these bacterial flora also compete with pathogenic bacteria 

for nutrition thus inhibiting their growth.   

 

 

Bacterial Pathogenicity:  

refers to the ability of an organism to cause disease, using its virulence factors. 

Virulence usually refers to the degree of pathogenicity within a group or species 

of microorganisms. virulence of a microorganism is not generally attributable to a 

single factor, but depends on several parameters that are related to the organism, 

the host, and the dynamic interaction between them. Bacterial virulence, can be 

measured by bacterial infectivity (their ability to initiate an infection) and the 

severity of the condition produced.  

In the lab, Virulence can be designated as LD50 or ID50  (These values are determined 

by inoculation of laboratory animals):  
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the LD50 (50% lethal dose) is the number of organisms needed to kill half the hosts, 

and ID50 (50% infectious dose) is the number needed to cause infection in half the 

hosts.  

 

Pathogenicity depends on: 

1- Virulence factors (Adherence factors, Invasiveness, Toxin production). 

2- Number of initial organisms. 

3- Immune status. 
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STAGES OF PATHOGENICITY 

1-Transmission 

2-Attachment (adhesion, adherence). 

3-Colonization and multiplication of microorganism. 

4-Avoidance of host defense mechanisms like phagocytosis. 

 5-Damage of host cells by: 

   A- Invasiveness. 

   B -Toxin production.  

   C- Both of them. 

 

TRANSMISSION Most infections are acquired by transmission from external 

sources, they are exogenous in origin. Others are caused by members of the normal 

flora behaving as opportunist pathogens, i.e. they are endogenous in origin. 

Transmission can be by:  

● inhalation- the airborne route 

● ingestion - faecal contamination of food and water.  

● Inoculation - by sexual contact, contaminated needles, skin contact, blood 

transfusions or biting insects. 

There are four important portals (or gates) of pathogens  

1- Skin. 

2-  Respiration. 

3- Gastrointestinal tract. 

4- Genitourinary tract. 
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Adherence to host surfaces. 

Adherence is the first step in the infection. Unless organisms have the ability to 

stick or adhere to host surfaces they will be unable to cause infection. Some 

bacteria and fungi have specialized structures or produce substances that facilitate 

their attachment to the surface cells (e.g. dentures, artificial heart valves), thereby 

enhancing their ability to colonize and cause disease. These adherence mechanisms 

are critical for organisms that attach to mucous membranes; mutants that lack these 

mechanisms are often non-pathogenic (e.g. the hair-like pili or Fimbriae, of 

Neisseria gonorrhoeae and Escherichia coli mediate their attachment to the 

urinary tract epithelium; the extracellular polysaccharides of Streptococcus mutans 

help it adhere to enamel surfaces).  
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Adherence factors. 

1-Fimbriae: Are the most common adhesion molecules e.g. Neisseria gonorrhoeae 

and E coli mediate the attachment to cell surfaces. 

 

 

 

 

 

 

 

2- The filamentous haemagglutinin adhesin (FHA) is a large, 

filamentous protein that serves as a dominant attachment factor for adherence to 

host ciliated epithelial cells of the respiratory tract.  

 

3-Exopolysaccarides.Present on the surface of some-gram positive bacteria are 

also involving in adhesions. 

 

4- Flagella act as adhesion in Vibrio cholerae and Campylobacter jejani.  
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5- In addition to above types of adherence factors Specific adherence involves 

permanent formation of many specific lock- key bonds between 

complementary molecules on each cell surface.  

 

 

 

 

Colonization and invasion:  

For many pathogenic bacteria, the initial interaction with host tissues occurs at a 

mucosal surface and then colonization is started. This allows the establishment of 

infection that may remain localized or may subsequently spread to other tissues in 

a process called invasion. Cell invasion confers the ability to avoid humoral host 

defence mechanisms . 

 

AGGRESSINS 

  In order to survive and multiply within the host, many organisms produce a 

variety of substances that allow them to avoid host defense mechanisms. These 

substances, termed aggressins, include capsules and extracellular slime substances, 

surface proteins, surface carbohydrates, enzymes, toxins, and other small 

molecules. The capsular structures of some bacteria enable the organisms to avoid 

phagocytosis by preventing interaction between the bacterial cell surface and 

phagocytic cells or by concealing bacterial cell surface components that would 

otherwise interact with phagocytic cells or complement and lead to ingestion.  

Some organisms produce capsules that are structurally similar to host tissues and, 
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therefore, are not recognized as foreign by the body  defense mechanisms. 

Organisms that possess capsules behave as aggressins include S. aureus, S. 

pneumoniae, N. meningitidis, H. influenzas type b, K. pneumoniae .  

 

INVASIVENESS 

  These are mechanisms that give bacteria its ability to invade tissues, multiply and 

spread rapidly (bacterial invasion). Invasiveness of bacteria plays a critical role in 

their pathogenesis by secretion of bacterial enzymes. Most are enzymes affecting 

physical barriers like tissue matrices and cell membranes. In this way, the 

bacterium can quickly spread through extracellular spaces.  

 
 

A few examples are: 
● a hemolysin or listeriolysin O: Which injects into the membrane of the vacuole 

and causes the formation of pores (e.g. that caused by Listeria monocytogenes) 

then enters the cytoplasm of the cell, where it continues to grow and multiply, after 

escaping the toxic environment of the phagolysosome. 

•Collagenase : It breaks down collagen fibers & promote spread of infection.  

• Coagulase: Produced by Staphylococcus aureus, accelerates the formation of a 

fibrin clot (from fibrinogen). It helps protect the organisms from phagocytosis by 

walling off the infected area and by coating the organisms with a fibrin layer. 
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●Streptokinase and staphylokinase : produced from Group A streptococci and 

staphylococci that hydrolyze fibrin clots, which also facilitate the spread of 

organisms in the tissues.  

• Immunoglobulin A (IgA) protease: Degrades protective IgA on mucosal 

surfaces, allowing organisms such as N gonorrhoeae, Haemophilus injluenzae and 

Streptococcus pneumoniae to adhere to mucous membranes. 

 

TOXIGENICITY 

Toxin is a protein or conjugated protein produced by some pathogenic bacteria that 

is highly poisonous for other living organism. The ability of microorganism to 

produce a toxin that contributes to the development of disease called toxigenicity. 

Endotoxins are toxic to most mammals, and can be lethal if encountered in too high 

a dose. Toxins are of two categories: endotoxins and exotoxins.  

Endotoxins 

  Endotoxins are the cell wall lipopolysaccharides of Gram-negative bacteria (both 

cocci and bacilli) and are not actively released from the cell, it is released after the 

cell death. Endotoxins cause fever, shock and other generalized symptom  s. 

 It is an outer membrane chemical moiety consisting of three sections: 

1-A toxic lipid (Lipid A) anchored in the outer membrane, 

2-An immunogenic polysaccharide core, and  

3-An O antigen proteins of oligosaccharides at the extracellular surface.  
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Exotoxins 

  Both Gram-positive and Gram-negative bacteria secrete exotoxins. Exotoxins in  

particular can cause disease in distant parts of the body as a result of diffusion of 

the toxin via systemic routes (e.g. tetanus bacillus infecting a lesion in the foot 

produces an exotoxin which causes 'lockjaw' or spasm of masseter muscles on the 

face). 

Bacterial exotoxins can be broadly categorized as: 

• neurotoxins 

• enterotoxins 

• miscellaneous exotoxins. 

 

Neurotoxins. Tetanus toxin, diphtheria toxin and botulinum toxin are all 

neurotoxins and their action is mediated via neuronal pathways. 

Enterotoxins. These toxins act on the gut mucosa and cause gastrointestinal 

disturbances. 

Escherichia coli enterotoxin is of two types: one heat-labile and one heat-stable.  

Miscellaneous exotoxins. these exotoxins are produced by Clostridium 

perfringens and other species of clostridia that cause gas gangrene.  

 

Antiphagocytic (Survival Inside of Phagocytes) 

 Many bacterial pathogens are rapidly killed once they are ingested by 

polymorphonuclear cells or macrophages. Some pathogens evade phagocytosis or 

leukocyte microbicidal mechanisms by adsorbing normal host components to their 

surfaces. 
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 For example, Staph..aureus has surface protein A. Other pathogens have 

polysaccharide capsules that impede phagocytosis, e.g., Streptococcus 

pneumoniae, N meningitidis.  

Streptococcus pyogenes (group A streptococci) have M protein, N 

gonorrhoeae(gonococci) have pili.  

Most of these antiphagocytic surface structures show much antigenic 

heterogeneity. For example, there are more than 80 pneunococcal capsular 

polysaccharide types and more than 60 M protein types within group A 

streptococci. 

 A few bacteria (e.g., bordetella) produce soluble factors or toxins inhibit 

chemotaxis by leukocytes and thus evade phagocytosis by a different mechanism. 

Bacteria that can resist killing and survive or multiply inside of phagocytes are 

considered intracellular parasites.  In this case, the environment of the phagocyte 

may be protecting bacteria during the early stages of infection or until they develop 

more virulence factors.  

 

The role of bacterial biofilms 

  A biofilm is an aggregate of interactive bacteria attached to a solid surface or to 

each other and encased in an exopolysaccharide matrix. Biofilms form a slimy coat 

on surfaces and throughout nature. Bacteria of single species may coaggregate to 

form a biofilm. Fungi- including yeasts are occasionally involved. 

 

Biofilms are: 

l -formed when microbes adhere to each other and to the surface  

l -each microbe secretes glycocalyx  substances allowing other microbes to 

adhere; large mass is formed 

the biofilm is resistant to disinfectants and antibiotics (outer layer protects inner 

layers), which makes serious problems for patients with catheters and surgical 

implants: serves as chronic reservoir.  
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Biofilms are important in human infections that are persistent and difficult to 

treat. A few examples include Staphylococcus epidermidis and Staphylococcus 

aureus infections of centralvenous catheters, eye infections such as occur with 

contact lenses and intraocular lenses, in dental plaque, and with Pseudomonas 

aeroginosa airway infections in cystic fibrosis patients.    

 
   

Pathogenesis of viral infection 

Pathogenesis is the process by which an infection leads to disease. Pathogenic 
mechanisms of viral disease include  

(1) implantation of virus at the portal of entry,  

(2) local replication,  

(3) spread to target organs (disease sites), and  

(4) spread to sites of shedding of virus into the environment.  

 
Factors that affect pathogenic mechanisms are 

 (1) accessibility of virus to tissue, 

 (2) cell susceptibility to virus multiplication, and  

(3) virus susceptibility to host defenses. 
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Virions  (free viruses) implant onto living cells mainly via the respiratory, 

gastrointestinal, skin-penetrating, and genital routes although other routes can be 

used. The final outcome of infection may be determined by the dose and location 

of the virus as well as its infectivity and virulence. 

Most virus types spread among cells extracellularly, but some may also spread 

intracellularly. Establishment of local infection may lead to localized disease and 

localized shedding of virus. 

Viremic: The most common route of systemic spread from the portal of entry is the 

circulation, which the virus reaches via the lymphatics.  

The incubation period is the time between exposure to virus and onset of disease. 

During this usually asymptomatic period, implantation, local multiplication, and 

spread (for disseminated infections) occur. 

Depending on the balance between virus and host defenses, virus multiplication in 

the target organ may be sufficient to cause disease and death. (e.g. specific 

preference cells for rhinoviruses are upper respiratory epithelium and for human 

immunodeficiency virus (HIV) are CD4 T Lymphocytes)  

Diverse viruses may be shed at virtually every site. 

 Pathogenesis of fungal infection 

  Fungal disease, particularly its life-threatening extreme, is relatively rare despite 

the many species of fungi present in the environment and on the human body 

surface. Most fungal infections appear to require a breach in host defenses in order 

to become established. Yeasts often cause mucosal inflammation following 

alteration of either vaginal or gastrointestinal flora. Dermatophytic fungi cause 

a variety of skin conditions but rarely cause more invasive disease in 

immunocompetent patients because they are restricted to the skin.  
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Pathogenesis of parasitic infections 

Protozoal and helminth infections have a complex pathogenesis, which is best 

understood by referring to the parasite’s life cycle. Some protozoal and helminth 

infections require transmission by a disease vector. The vector is often an 

arthropods. The development of disease depends on a three-way relationship 

between microorganism, vector and human victim in these infections.  

In developed countries, parasitic infections are most common in international 

travelers, the sexually active, immunocompromised patients and poor people.  

 

 Opportunist infections 

  If an organism is capable of causing disease in an apparently healthy individual, 

it is clearly aggressively pathogenic. If it is normally incapable of causing disease 

but can do only when the human body immunity is compromised in some way, in 

this case infection called opportunist infection. These types of infections have a 

particular importance in hospitals patients and immunocompromised patients. 
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Staphylococci 

Staphylococci are members of the Micrococcaceae family. They are classically 

considered extracellular, pyogenic pathogens because of their ability to induce 

abscess formation. 

 Staphylococcus: Pathogenic or commensal 

Micrococcus: Free-living saprophytes 

 

General Phenotypic Characteristics of Staphylococci 

Staphylococci are  

Gram-positive Cocci, which appears as grape- like clusters when viewed 

through a microscope. 



 

 -oxidase-negative  

-Grow at 15 % NaCl concentrations. 

- Facultative anaerobes (respiration or fermentation), fermentation of glucose 

produces mainly lactic acid. 

 -Optimum temperature at 37°C, can grow at a temperature range (15 to 45 c). 

They form round often beta-hemolytic colonies on agar. The aureus refers to the 

gold color of the colonies. 

- All staphylococci are catalase positive. Catalase converts H2O2  to H2O and O2  

The coagulase(Coagulase converts fibrinogen to fibrin) and manifold 

fermentation tests are used to distinguish S. aureus from other staphylococcal 

species -.   

Non Fastidious Non motile Non spore forming.  

Medically Important Staphylococci Species: 

 Coagulase Positive Staphylococci (CoPS) – 

 S. aureus colonizes mainly nasal passage as normal flora, but it may be found in 

other sites (skin, mucous membranes, oral cavity & gastrointestinal tract) - 

Always considered a potential pathogen - Causes nosocomial infections. 

Carriage is increased in populations known to be at risk of staphylococcal 

disease including dialysis patients, diabetics and HIV-infected subjects. 

Staphylococci cause infection either as a result of autoinoculation or by 

transmission from a carrier to a patient.  



Coagulase Negative Staphlyococci (CoNS)  

 -are part of normal flora of human skin and mucous membranes  

- relatively low virulence 

 - frequently involved in nosocomial and opportunistic infections 

 - Clinically significant infection associated with endocarditis, joint infection, 

wound infections, bacteremia, Urinary tract infections (UTI). 

 - S. epidermidis is an inhabitant of the skin and mucous membranes, mostly 

nonpathogenic & may play a protective role in humans as normal flora. 

 - In contrast to S. aureus, little is known about mechanisms of pathogenesis of 

S. epidermidis infections. 

 - Adherence and colonization of catheters by S. epidermidis is a crucial step in 

the initiation of foreign body infections. 

 - The production of biofilm, a significant determinant of virulence for S. 

epidermidis. 

 - S. saprophyticus is a leading cause of cystitis in young women. And shares of 

urinary tract infection 

Pathogenesis of S. aureus 

 S. aureus causes a variety of suppurative (pus-forming) and toxigenic 

infections in humans. It causes: 

  Superficial skin lesions such as Boils, furuncles, abscess 

 Because of their presence as commensals on the skin and other sites, both 

coagulase positive and negative bacteria frequently cause prosthetic device (e.g. 

intravascular catheters) related infections. Establishment of infection in general 

requires an ordered sequence of events that involves adherence, colonization, 

invasion, spread, as well as the host response to this process. 

 More serious skin infections such as Impetigo (bubble-like swellings that can 

break and peel away; common in newborns) Staphylococcal scalded skin 

syndrome (SSSS) or Ritter's disease (relatively rare); (toxin induces bright red 

flush, blisters, then desquamation of the epidermis) 

  Serious infections (Deep) such as Pneumonia (infections in the lung), 

Osteomyelitis (Localized infection of bone ), endocarditis, meningitis, skeletal 



muscle, urinary tract infections. S. aureus is a major cause of hospital acquired 

(nosocomial) infections Surgical wounds and infections associated with medical 

devices. 

  Toxigenic infections such as S. aureus causes food poisoning by releasing 

heat stable enterotoxins into food. It can produce toxic shock syndrome (leading 

to shock and organ failure ) by release of superantigens into the blood stream. 

The superantigens are T cell mitogens. Disease is due to the ability of these 

toxins to bind antigen presenting cells MHC 2 molecule outside the peptide 

groove. The superantigens then bind T cells via the variable region resulting in 

massive T cell activation and the release of large quantities of cytokines – a 

“cytokine storm” including IL-1, IL2, TNF, and interferon gamma. The result is 

a multiorgan disease similar in clinical presentation to septic shock with 

significant morbidity and mortality.  

 Serious consequences of staphylococcal infections (Systematic infections) 

occur when the bacteria invade the blood stream. A resulting septicemia may be 

rapidly fatal or bacteremia 

S. aureus expresses many potential virulence factors 

 (1) Surface proteins  that facilitate bacterial adherence to host cell surfaces. 

These surface proteins facilitate attachment to molecules found in the 

extracellular matrix including fibronectin, fibrinogen, and collagen. They may 

help explain the tropism of this bacterial species to invade particular tissue sites 

(2) Invasins Promote bacterial spread in tissues (leukocidin, kinases, 

hyaluronidase). Hyaluronidases hydrolyze hyaluronic acids and may contribute 

to tissue breakdown and spread of staphylococci across tissue barriers 

 (3) DNase Digests DNA  

(4) Lipases Digest oils; enhances colonization on skin . 

 (5) Surface factors Avoidance of host defenses; Inhibit phagocytic 

engulfment (capsule, Protein A). 

 - The majority of clinical isolates of S aureus express a surface polysaccharide 

(microcapsule) because it can be visualized only by electron microscopy. S. 

aureus strains isolated from infections express high levels of the capsule but 

rapidly lose it when cultured in the laboratory.  



- Protein A: binds IgG antibody in the wrong orientation ( Fc region), which 

disrupts opsonization and phagocytosis.  

(6) Biochemical properties Enhance survival in phagocytes Staphyloxanthin; 

carotenoid pigment which responsible for golden colonies, and it has an 

antioxidant action that helps bacteria to evade reactive oxygen by the host 

immune system. Catalase production. 

 (7) Immunological disguises (Protein A, coagulase) 

 (8) Membrane-damaging toxins Lyse eukaryotic cell membranes Hemolysin 

(α, β, γ, δ) lysis red blood cells. Leukocidin; (lysis neutrophils and 

macrophages). 

 (9) Exotoxins Damage host tissues or provoke symptoms of disease - 

Staphylococcal enterotoxins; (SEA-G); food poising (nausea, vomiting, 

diarrhea). - Toxic shock syndrome toxin (TSST); induces fever, vomiting, 

shock, organ damage. 

Exfolioative toxins (ETs); 

 responsible for Staphylococcal scalded skin syndrome (SSSS); separates the 

  cytotoxin  (PVL)  Valentine Leukocidin-Panton -dermis.  epidermis from the

creates pores in the membranes of infected cells. It is associated with severe 

necrotizing pneumonia in children. 

 (10) Inherent & acquired resistance to antimicrobial agents (Penicillinase- 

inactivates penicillin). 

 Beta-lactamases are released by staphylococci and can hydrolyze the beta-

lactam ring of penicillins and cephalosporins rendering the antibiotics useless. 

Host Defense against Staphylococcal Infections 

Phagocytosis Neutrophil is the primary cellular defenses of innate immunity 

against Staphylococcal infections. Antibodies are produced which neutralize 

toxins and promote opsonization. Staphylococci may be difficult to kill after 

phagocytic engulfment because they produce catalase which neutralize oxygen 

and superoxide, which are primary phagocytic killing mechanisms within the 

phagolysosome 

 Treatment Hospital acquired infection of S. aureus is often caused by 

antibiotic resistant strains (e.g. MRSA) and can be treated with vancomycin or 

an alternative. The term MRSA refers to Methicillin resistant S. aureus and 

https://en.wikipedia.org/wiki/Cytotoxicity


related beta-lactam antibiotics (e.g. penicillin, oxacillin, amoxacillin). Some 

MRSA are resistant to vancomycin (VRSA). The infections have been treated 

with combination therapy using sulfa drugs and or rifampin. (CoNS); produce an 

enzyme called beta lactamase that makes them resistant to methicillin and 

oxacillin. Vancomycin is the most common antibiotic used to treat infections 

caused by CoNS-; if they not resistant. Rifampin and gentamicin may be added 

to prevent antibiotic resistance.  

Vaccines :-No vaccine is generally available that stimulates active immunity 

against staphylococcal infections in humans. 

Staphylococci and micrococci in Oral cavity 

Staphylococci and micrococci are also not commonly isolated in large numbers 

from the oral cavity although the former are found in denture plaque, as well as 

in immunocompromised patients and individuals suffering from a variety of oral 

infections .Although these bacteria are not usually considered to be members of 

the resident oral microflora, they may be present transiently, and they have been 

isolated from some sites with root surface caries and from some periodontal 

pockets that fail to respond to conventional therapy. Interestingly, this is in sharp 

contrast to other surfaces of the human body in close proximity to the mouth, 

such as the skin surface and the mucous membranes of the nose, where they are 

among the predominant components of the microflora. This finding emphasizes 

the major differences that must exist in the ecology of these particular habitats. 

 

 

Reference : Oral  Microbiology. 5th edition. 

Philip D Marsh & Micheal V Martin 
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Sterilization: 

Sterilization and disinfection are important for both personnel safety and 

patient safety. Sterilization and disinfection are important to prevent the 

chain of infection in the dental office. The chain of infection is a complex 

series of events that requires that all of the following conditions be 

present. 

  Sterilization:- Is defined as the process by which an article, surface or 

medium is freed of all living microorganisms either in the vegetative or in 

the spore form. 

 Disinfection:- It is the destruction or removal of all pathogenic 

organisms to a level which seems to be no longer harmful to health 

Contamination:-The presence of microorganisms on a body surface or 

on inanimate articles or substances.  

Sanitation:-The process by which the number of microorganisms on 

inanimate objects is reduced to a safe level. It does not imply freedom 

from microorganisms, and generally refers to a cleaning process 

Asepsis:- A condition in which living pathogenic microorganisms are 

absent. 

 Antiseptic:-A substance that prevents or arrests the growth of action of 

microorganisms either by inhibiting their activity or by destroying 

them.Term used especially for preparations applied topically to living 

tissues 

Infection Control:-The selection and use of procedures and products to 

prevent the spread of infectious diseases.  

Bactericidal:- These are agents which are able to kill bacteria. 

Bacteriostatic:- These agents prevent the multiplication of bacteria 

The chain of infection is something that you think about when you are 

choosing disinfection and sterilization of items that are used in patient 

care or in the area around which patient care is provided. The chain of 

infection is: - 
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- An entrance through which the pathogen may enter the host. 

 - A susceptible host is one who is not immune or has compromised 

immunity. 

 - A sufficient number of pathogens, or infection-causing organisms, must 

be present to produce infection. This is called the infectious dose. This 

varies for different infections or diseases. There must be a reservoir or 

source that allows the infectious agent to survive and multiply (e.g., 

blood). 

 - There is a mode of transmission from the source to the host. 

When all the above events happen together, this is considered the 

“chain” of infection. Effective infection control strategies prevent 

infection or disease transmission by interrupting one or more links in the 

chain of infection.  

A mode of transmission is the method of transmission of infectious 

agents.  

Different infections are transmitted in different ways more efficiently by 

different modes. Specifically, some modes are more efficient at 

transmission of infection than others. For example, with bloodborne 

infections, percutaneous or beneath-the-skin entry, is a highly efficient 

way to transmit infections. Intact skin is a fairly good barrier for infection 

control and is not a very efficient way to transmit infection. 

Cleaning:- 

Is the most important step in all decontamination processes. Cleaning 

involves the physical removal of debris and reduces the number of 

microorganisms on an instrument or device. If visible debris or organic 

matter is not removed, it can interfere with the disinfection or sterilization 

process. Use appropriate protective barriers such as heavy-duty utility 

gloves, masks, and protective eyewear when cleaning and disinfecting 

surfaces. Examples of cleaners include ultrasonic cleaners, instrument 

washers and washer disinfectors. 
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There are three categories of patient-care items, depending on their 

intended use and the potential risk of disease transmission for dental 

instruments and devices. 

 • Critical items touch sterile areas of the body, such as those in an 

incision or in deep tissues. Dental equipment which touch sterile areas of 

the body, such as bone and blood vessels or penetrates the mucous 

membrane of the mouth is classified as critical. The latter includes tongue 

or gingival tissues. Examples of critical items include surgical 

instruments, scalpel blades, periodontal scalers and surgical dental burs. 

Sharps injury with contaminated needles or scalpels carry the greatest risk 

of infection of bloodborne pathogens for oral care personnel.  

• Semi-critical items are contact-only mucous membranes and do not 

penetrate soft tissues. As such, they have a lower risk of transmission. 

Because most items in this category are heat-tolerant, they should be heat 

sterilized between patient uses. For heat-sensitive instruments, high-level 

disinfection is appropriate. Examples of semi-critical instruments include 

dental mouth mirrors, amalgam condensers and impression trays. • 

 Non-critical items contact intact skin. These include, among other 

things, blood-pressure cuffs and X-ray heads. Special cases are those 

clinical surfaces or frequently touched environmental surfaces.. Non-

critical items pose the least risk for transmission of infection. Dental 

handpieces are a special case. Even though they do not penetrate soft 

tissue, it is difficult for chemical germicides to reach the internal parts of 

handpieces, they should be heat sterilized using a steam autoclave or 

chemical vapor sterilizer. 

Biological indicators:- Biological spore tests use biological spores to 

assess the sterilization process directly. Biological indicators measure the 

ability to determine if the sterilization method is effective and if 

sterilization conditions have been met. This is a standardized preparation 

of bacterial spores on or in a carrier. They must be placed in the most 

difficult site for sterilant penetration, and a positive indicator is a process 

failure. 

Disinfection:- 
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Disinfection is different from sterilization in that sterilization kills all life 

forms, including spores. Disinfection is a less effective process than 

sterilization 

Three Levels of Disinfection 

_High . 

. _Intermediate 

. Low_ 

How to choose a disinfectant 

Most disinfectants specify that surfaces should be kept wet for 10 

minutes. Hierarchy of resistance to organisms for liquid chemical 

sterilants/disinfectants (high to low):- 

*Spores 

*Mycobacteria tuberculosis var. bovis. 

*Non-lipid or small viruses. 

*Fungi. 

*Vegetative bacteria. 

. *Lipid or medium sized virus 

Types of Disinfectants 

High-level disinfectant – Utilizes a liquid chemical sterilant and a 

process that kills all life forms including bacterial spores and inactivates 

Mycobacterium tuberculosis var. bovis. 

Intermediate-level disinfectant – Utilizes a liquid chemical sterilant and 

a process that kills all life forms but not bacterial spores and 

inactivatesMycobacterium tuberculosis var. bovis 

_Low-level disinfectant – Inactivates vegetative bacteria, some fungi 

medium-large viruses, viruses with lipid-containing envelopes. These 

include quaternary ammonium compounds, some phenolics, some 

iodophors 
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. Hospital disinfectants are those that have demonstrated potency against 

Pseudomonas aeruginosa Staphylococcus aureus and Salmonella 

cholerasuis 

In general, cleaning and removal of microorganisms is as important as the 

disinfection process itself for surfaces. Blood or other patient materials 

left on surfaces can interfere with the disinfecting process.  

Because of their toxic nature, the use of sterilants or high-level 

disinfectants on environmental surfaces is not recommended. Clinical 

contact surfaces, including a light handle, countertop, bracket tray, dental 

chair, and door handles are example of clinical contact surfaces. 

Examples of housekeeping surfaces are walls, sinks, and floors 

Sterilization 

1.1 Wet heat  (Autoclaving) 

Autoclave :-Sterilization: Autoclaves provide a physical method for 

disinfection and sterilization. They work with a combination of steam, 

pressure and time. Autoclaves operate at high temperature and pressure in 

order to kill microorganisms and spores. 

Temperatures at 100 C (boiling) 

  Vegetative bacteria are killed almost immediately at 90-1000 C, but 

sporing bacteria require prolonged periods of boiling. 

  Boiling water is not considered as a sterilizing agent because 

destruction of bacterial spores and inactivation of viruses cannot always 

be assured.  

It is considered as a method for disinfection  

 A minimum exposure period of 30min. is recommended to kill 

vegetative bacteria.  

 Sodium bicarbonate 2% conc. is added to increase the efficiency of 

process 

Sterilization of 

1- Culture media ( MacConKey agar, Nutrient broth …etc) 

2-Aqueous solution ( Normal saline , phosphate buffer saline … etc) 

3-Dressing material ( lab cot )  
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4-Linen, gloves ….etc 

By using autoclave system at 15 pounds per square inch (psi)prossure 

equivalent to 121 
o
C in 15-20 minutes . 

 The laboratory Autoclave:-consists of  

1-a vertical or horizontal cylinder of gun metal or stainless steel in a 

supporting frame . 

2-Lid is fastened by screw clamps .Lid bears a pressure gauge and steam 

release valve (safety valve ) . 

3-Heating is done by electricity , 

Equipment used in the experiment  

1-Water is added on the bottom.  

2-The lid is closed ,steam pressure rises inside and when it reached the 

desired set level(15 psi) the safety valve opens . 

3-In this point the holding time (15 minutes) is counted . 

4- After 15 min. the heating is stopped ,autoclave cool ,the lid is now 

opened and the sterilized articles removed . 

Sterilization control:- 

Two types of controls are available . 

1-Biological control:- An envelope containing a filter paper strip  

impregnated with 10
6
 spores of Bacillus stearothermophilus. after 

sterilization  is over the strip incubated in tryptone soy broth aerobically 

at 37
o
C for five days .No growth proper sterilization. 

2-Chemical control :- A Browne's tube containing red solution is placed 

within the load .A change of color of the solution to green indicates 

proper sterilization . 
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Fig.1:Autoclave  

1.2. DRY HEAT (Flaming, baking) 

Dry heat tends to kill microbes by oxidation of cellular components. This 

requires more energy than protein hydrolysis so higher temperatures are 

required for efficient sterilization by dry heat. 

Aim of test:-sterilization of  

1-All glass instruments, test tube ,  petri dishes , pipettes and flasks 

 2-Metal instruments such as forceps ,scissors and scalpel 

3- Materials such as oils jellies and powder . 

Not suitable for material like fabrics  , protein, sugars , damaged by heat . 

1.2.2. Hot air oven: hot air oven is electrically heated and is fitted 

with a thermostat that maintained the chamber air at a chosen temperature  

Table (1) 

Mode of 

sterilization  

Instrument  Temperature and time  Sterilization of  

Below 100
 o
C Water-bath  56

 o
C for 1 hr. or 65-75 for 

10 min. 

Serum, body fluids, 

vaccines  

At 100
 o
C Boiling water-

bath  

100
 o
C for 10-20 min. Glass, metal and 

rubber items . 

Steaming at 100 
o
C Arnold steamer  100

 o
C for 20 min. on 3 

successive days . 

Culture media 

containing sugars 
and gelatin  

Above 100
 o
C Autoclave  121 

o
C for 15-20 minutes  Culture media and 

aqueous solution, 

dressing material , 
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lines , gloves .. etc 

1.3. FILTRATION 

Filtration is a great way of quickly sterilizing solutions without heating. 

1.3.1. Equipment used in the experiment  

1-Filters with a pore diameter that is too small for microbes to pass 

through. 

2-Glass funnels made from heat-fused glass particles or, more commonly 

these days, membrane filters made from cellulose esters. For removal of 

bacteria, filters with an average pore diameter of 0.2 micrometer  is 

normally used. 

*viruses and phage can pass through these filters so filtration is not a 

good option if these are a concern. 

1.4. SOLVENTS 

Ethanol is commonly used as a disinfectant, although since isopropanol is 

a better solvent for fat it is probably a better option. 

Both work by denaturing proteins through a process that requires water, 

so they must be diluted to 60-90% in water to be effective. 

Again, a it’s important to remember that although ethanol and IPA are 

good at killing microbial cells, they have no effect on spores. 

1.5. RADIATION 

UV, x-rays and gamma rays are all types of electromagnetic radiation that 

have profoundly damaging effects on DNA, so make excellent tools for 

sterilization. 

The main difference between them, in terms of their effectiveness, is their 

penetration. 

1- Ultra violate light : When microorganisms are subjected to UV 

light, cellular DNA absorbs energy & adjacent thymine molecules link 

together. Linked thymine molecules are unable to position adenine on m 

RNA molecules during the process protein synthesis thereby replication 

of chromosome will be impaired. The damaged organism can no longer 

produce critical proteins or reproduce. 

  UV light is used to limit airborne or surface contamination in a 

hospital room, pharmacy food service operation. UV light does not 

penetrate liquids or solids and it may cause damage to the human skin. 
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2-X-rays and gamma rays are far more penetrating, which makes them 

more dangerous but very effective for large scale cold sterilization of 

plastic items (e.g. syringes) during manufacturing. 

Microwaves  

  Microwaves have a wavelength longer than UV light. 

  In a microwave oven waves are absorbed by water molecules.  

 The molecules are set into a high speed motion, and the heat of 

friction is transmitted to food, which become hot rapidly. 

Laser  

– Light Amplification by Stimulated Emission of Radiation  

 Can be used to sterilize instruments & the air in operating rooms, as 

well as for a wound surface.  

 Ultrasonic vibrations  They are high frequency sound waves 

beyond the range of human ear.  

 When propagated in fluids ultrasonic vibrations cause formation of 

microscopic bubbles or cavities and the water appears to boil. 

  Call this cold boiling.  

Microorganisms in the fluid are quickly disintegrated by the external 

pressures.  

 The current trend is to use ultrasonic as a cleaning agent to follow 

the process by sterilization in an autoclave 

 

Some of important instruments of microbiological lab:- 

Electric oven : used for sterilizing glass ware and tools that need drying 

heating (150 
o
C) for2hrs. 

Autoclave :To sterile the culture media and some of chemical solutions 

which need wet heating with (121
o
C) and pressure  (15 par Inch 2) for 

suitable time. 

Incubator: for provide the suitable temperature to grow the bacteria most 

bacterial species grow under 37
o
C for (18-48 hrs). 

Compound Microscope: is a vital instrument in microbiological Lab. to 

identification the bacteria by it is magnification ability. 

https://image.slidesharecdn.com/sterilizationindentistry-161002173943/95/sterilization-in-dentistry-44-638.jpg?cb=1475430092
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Refrigerator: Used for storage the culture media ,bacteria growth culture 

and other material that low temperature. 

Hood: for availing an uncontamination environment during the 

laboratory work.  

Gas Burner: used to sterile the mineral tools such as loop ,needle and 

nozzle bottles or flask.   

Sensitive Balance : for weighting the powders 

Loop & Needle : platinum wires used for transporting culturing and 

inculating the bacterial growth . 

Petridish:these dishes (plates) used as container of culture media .Flasks 

,cylinders ,tubes,pipettes.  
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STREPTOCOCCUS                                                                                

INTRODUCTION 

Streptococci 

Streptococci are Gram-positive cocci arranged in chains or pairs. They are 

part of the normal flora of humans and animals. Some of them are human 

pathogens.The most important of them is Streptococcus pyogenes causing 

pyogenic infections, with a characteristic tendency to spread,as opposed to 

staphylococcal lesions, which are typically localized. It is also responsible 

for the nonsuppurative lesions, acute rheumatic fever and 

glomerulonephritis which occur as sequelae to infection.                  

 
CLASSIFICATION 

Several systems of classification have been employed but in medical 

bacteriology the following method is useful.  

Streptococci are first divided into obligate anaerobes and facultative 

anaerobes.The aerobic and facultative anaerobic streptococci are classified 

on the basis of their hemolytic properties. Brown categorized them into 

three varieties based on the growth in 5% horse blood agar pour plate 

cultures. 
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1. Alpha (α) hemolytic streptococci 

Alpha (α) hemolytic streptococci produce a greenish discolouration with 

partial hemolysis around the colonies These are known as ‘viridans 

streptococci’ or Streptococcus viridians (from ‘viridis’ meaning green). 

The alpha streptococci are normal commensals in the throat, but may 

cause opportunist infections rarely. Pneumococcus (Streptococcus 

pneumonia) is also an alpha hemolytic. 

2. Beta (β) hemolytic streptococci 

Beta (β) hemolytic streptococci produce a sharply defined, clear, 

colourless zone of hemolysis within which red cells are completely lysed.. 

Most pathogenic streptococci belong to this group. 

3. Gamma (γ) or nonhemolytic streptococci 

Gamma (γ) or nonhemolytic streptococci produce no change in the 

medium’. They include the fecal streptococci (enterococci, Str faecalis) 

and related species. They are called the ‘enterococcus group’. Hemolytic 

streptococci were classified by Lancefield serologically into groups based 

on the nature of a carbohydrate (C) antigen on the cell wall.The great 

majority of hemolytic streptococci that produce human infections belong 

to group A. Hemolytic streptococci of group A are known as 

Streptococcus pyogenes. These may be further subdivided into types based 

on the protein (M, T and R) antigens present on the cell surface. Table 1 
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shows the medically important streptococci and their chacteristics.             

                                                                                     

Common 

diseases 

caused 

Laborato

ry 
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human 

hosts 
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group 
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not 
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Skin 
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 Female 

genital 

tract, 

rectum 
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endocarditi
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Endocarditi

es 

 Colon 
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caries (str. 

mutans) 

biochemic

al 

properties 

Streptococcus pyogenes 
Morphology : are spherical and oval in shape. They are arranged in 

.Streptococcus are gram positive,non-motive, non-sporing and capsulated. 

Culture Characteristics : It is an aerobes & facultative anaerobes 

growing best at 37°. It is exacting in nutritive requirements, growth 

occurring in media containing fermentable carbohydrate & enriched with 

blood & serum.. Strains with well marked capsules produce‘mucoid’ 

colonies.  

Resistance : Str. Pyogenes is a delicate organism, easily destroyed by heat 

(54°C for 30 minutes). It dies in a few days in cultures, unless stored at a 

low temperature (4°C ,survive in dust for several weeks if protection from 

sunlight. It is rapidly inactivated by antiseptics 

Toxins, Enzymes & other virulence factors : Streptococcus pyogenes 

produces several types of exotoxins & enzymes those act as virulence 

factors.Also young protein act as a virulence factor by inhibiting 

phagocytosis. The C polysaccharide has been shown to have a toxic effect 

on connective tissue in experimental animals. 
Hemolysins : Streptococci produce two hemolysins, streploysin ‘O and 

‘S’. 

  

Streptolysin O is so called because it is oxygen labile. It is inactive in the 

oxidized form but may be reactivated by treatment with mild reducing 

agents. On blood agar, streptolysin O activity is seen only in pour plates 

and not in surface cultures. It may be obtained in the active state by 

growing streptococci in broth containing reducing agents such as sodium 

hydrosulphite. It is also heat labile. It appears to be important in 

contributing to virulence, lethal on intravenous injection into animals and 

has specific cardiotoxic activity., has leucotoxic activity also. In its 

biological action, streptolysin O resembles the oxygen labile hemolysins 

of Cl. perfringens, Cl. tetani and the pneumococcus. Streptolysin O is 

antigenic and antistreptolysin O appears in serum after streptococcal 

infection, which is very important in diagnosis.  

 

Streptolysin S is so called because it is soluble in serum. It shows 

stability with oxygen, dry heat. It is responsible for hemolysis seen on the 

surface of the blood agar plates. It also has leucocidal activity. Pyrogenic 

exotoxin (erythrogenic )This toxin induces fever so named. It is a super 
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antigen so act as T-cell mitogens and causes rapid release of inflammatory 

cell which cause wide spread manifestation. 

 

Streptokinase is an enzyme which acts as a toxin which promotes the 

lysis of human fibrin clot by activating plasminogen to plasmin. It act as a 

diagnostic marker. It shows biological significance during infection, by 

breaking down the fibrin barrier around tissue & thus helps in spread of 

infection. It shows therapeutic significance in myocardial infarction & 

other thromboembolic disorders. 

 

Hyaluronidase : It is a enzyme which breaks down the hyaluronic acid of 

tissue. It is a biological significance it helps in spread of infection. 

 

Cell Wall Components and Antigenic Structure 

 _ Group-specific carbohydrate 

The cell wall contains a group-specific polysaccharide It is a polymer of 

N-acetylglucosamine and rhamnose. It is nontoxic  

 Type-specific proteins 

The cell wall of S. pyogenes has three major proteins, M, T, and R 

proteins. These proteins are useful for serologic typing (Griffith typing) 

of S. pyogenes. 

M protein: M protein is the most important protein. It is acid- and heat-

stable and trypsin-sensitive. It is the chief virulence factor of the cocci. It 

inhibits phagocytosis and facilitates the attachment of cocci to epithelial 

cells.  

. 

T proteins: These are trypsin-resistant (T) proteins and are acid and heat 

labile.  

R proteins: These are pepsin sensitive but trypsin resistant. 

 Other cell surface components 

Peptidoglycan, lipoteichoic acid, and F proteins are other components of 

the cell wall of S. pyogenes. Peptidoglycan confers rigidity to the cell wall. 

It is also responsible for producing fever, dermal and cardiac necrosis in 

animals, and lysis of erythrocytes 

Pathogenicity 

Str. pyrogen produces pyrogenic infection that spread locally along with 

lymphatic & blood serum. They produce mainly two types of lesions. 

Suppurative infection Respiratory Infection, Skin and soft tissue, Genital 

(puerperal sepsis),Abscess in liver, lung., Kidney and brain. 

Non-suppurative  Acute rheumatic fever, Acute glomerulonephritis. 
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Respiratory Infection: The primary site of invasion of the human body of 

Str pyogenes is the throat. Sore throat is the most common in the 

streptococcal diseases. It may be localized as tonsillitis it may involve the 

pharynx more diffusely (pharyngitis). Virulent group A streptococci 

adhere to the pharyngeal epithelium by means of lipoteichoic acid 

covering the surface pili. Tonsillitis is more common in older children and 

adults than in younger children, who commonly develop diffuse 

pharyngitis.  

Chronic Tonsilitis 

From the throat, streptococci may spread to the surrounding tissues, 

leading to suppurative complications such as otitis media, mastoidities, 

and Suppurative adenitis. 

Skin and soft tissue infections 

Str pyogenes causes a variety of suppurative infections of the skin, 

including infection of wounds or burns, with a predilection to produce 

lymphangitis and cellulitis. Infection of minor abrasions may at times lead 

to fatal septicemia. The two typical streptococcal infections of the skin are 

Erysipelas and Impetigo.in same area occurs in some person. 

 

Genital Infections : Both aerobic & anerobic streptococci are normal 

inhabitants of female genital tract. They are important causative organism 

of puerperal sepsis.  

Other suppurative infections  Str pyogenes may cause abscesses in 

internal organs such as the brain, lungs, liver and kidneys, and also 

septicemia and 

pyemia. 

Nonsuppurative complications : Str pyogenes infections lead to two 

important non-suppurative sequelae – acute rheumatic fever and acute 

glomerulonephritis. 

Laboratory diagnosis of streptococci : In acute infections, diagnosis is 

established by culture, while in the nonsuppurative complications, 

diagnosis is mainly based on the demonstration of antibodies. 

OTHER HEMOLYTIC STREPTOCOCCI 

Group B (Str. agalactiae):-It is single most cause of Neonatal meningitis  

Group C: Streptococci of this group are mainly animal pathogen & 

divided into four species 

Group F:-These group poorly on blood agar unless incubated under CO2 

they have been called “minute streptococci”.  

Group G:-These are commensals in the throats of human beings, 

monkeys or dogs. They may occasionally cause tonsillitis, endocarditis 

and urinary infections in human beings. 
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Group D:-They mainly of two types Entercocci (E.faecalis) & Non-

enterococci ( Str. bovis, Str. equines) 

 

Entercocci shows Distinctive features is ability to grow in presence of 

40% bile, 6.5% sodium chloride, At pH 9.6 & temperature 45oC and in 

0.1% methylene blue milk. E faecalls is most common species isolated 

from human. It mainly causes UTI, Wound infection & endocarditis. 

Non-enterococci are inhibited by 6.5% sodium chloride & bile they case 

UTI & endocarditis. 

THE VIRIDANS GROUP 

This group, formerly called Streptococcus viridians, is a mixture of 

streptococci normally resident in the mouth and upper respiratory tract, 

and typically producing greening (alpha lysis) on blood sugar .Some of 

them may be non-lytic. They cannot be categorized under the Lancefield 

antigenic groups. 

They are ordinarily nonpathogenic but can on occasion cause disease. In 

persons with preexisting cardiac lesions, they may cause bacterial 

endocarditis. Following tooth extraction or other dental procedures, they 

cause transient bacteremia and get implanted on damaged or prosthetic 

valves or in a congenitally diseased heart. 

 

Str mutans .Important in the causation of dental caries. It breaks down 

dietary sucrose, producing acid and a tough adhesive dextran. The acid 

damages dentine and the dextrans bind together food debris, epithelial 

cells, mucus and bacteria to form dental plaques, which lead to caries. 

Conditions in the oral cavity are diverse and complex, frequently changing 

from one extreme to another. Thus, to survive in the oral cavity, S. 

mutans must tolerate rapidly harsh environmental fluctuations and 

exposure to various antimicrobial agents to survive.   

Under special conditions, commensal streptococci can switch to 

opportunistic pathogens, initiating disease and damaging the host. Oral 

streptococci have both harmless and harmful bacteria.  

 

Mutans streptococci are the most important bacteria associated with tooth 

decay. S. mutans, the microbial species most strongly associated with 

carious lesions, is naturally present in the human oral microbiota. The 

growth and metabolism of S. mutans,changes local environmental 

conditions (pH, coaggregation, and substrate availability), thereby 

enabling more fastidious organisms to further colonize after them, 

forming dental plaque. Along with S. sobrinus, S. mutans plays a major 

https://en.wikipedia.org/wiki/Mouth
https://en.wikipedia.org/wiki/Dental_plaque
https://en.wikipedia.org/wiki/Streptococcus_sobrinus
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role in tooth decay, metabolizing sucrose to lactic acid using the 

enzyme   glucansucrase. 

 The acidic environment created in the mouth by this process is what 

causes the highly mineralized tooth enamel to be at risk to decay. S. 

mutans is one of a few specialized organisms equipped with receptors that 

improve adhesion to the surface of teeth. Sucrose is used by S. mutans to 

produce a sticky, extracellular, dextran-based polysaccharide that allows 

them to cohere, forming plaque. S. mutans produces dextran via the 

enzyme dextransucrase (a hexosyltransferase) using sucrose as 

a substrate in the following reaction: 

n sucrose → (glucose)n + n fructose 

Sucrose is the only sugar that bacteria can use to form this sticky 

polysaccharide. 

The combination of plaque and acid leads to dental decay. Due to the 

role S. mutans plays in tooth decay, many attempts have been made to 

create a vaccine for the organism. So far, such vaccines have not been 

successful in humans.  

Streptococci represent 20% of the oral bacteria and actually determine the 

development of the biofilms. 

 

S. mutans is often acquired in the oral cavity subsequent to tooth eruption, 

but has also been detected in the oral cavity of pre-dentate children. It is 

generally, but not exclusively, transmitted via vertical transmission from 

caregiver (generally the mother) to child. 

S. mutans is implicated in the pathogenesis of certain cardiovascular 

diseases, and is the most prevalent bacterial species detected in extirpated 

heart valve tissues. 

Prevention and treatment:- 

Practice of good oral hygiene including daily brushing, flossing and the 

use of appropriate mouthwash can significantly reduce the number of oral 

bacteria and inhibit their proliferation. Oral bacteria often live in plaque, a 

kind of biofilm, hence mechanical removal of plaque is the most effective 

way of getting rid of harmful oral bacteria, as bacterial biofilms are 

notoriously resistant to antibiotics and antimicrobial rinses. 

Antimicrobial agents used in dentistry:- 

Fluoride has a direct inhibitory effect on the Enolase enzyme. 

Chlorhexidine reduces populations of S. mutans, presumably by 

interfering with bacterial adherence. 

Xylitol is a noncariogenic sugar alcohol found in gum and oral health care 

products which is not able to be metabolized into the cariogenic acids that 

commonly cause tooth demineralization and decay 

https://en.wikipedia.org/wiki/Metabolize
https://en.wikipedia.org/wiki/Sucrose
https://en.wikipedia.org/wiki/Lactic_acid
https://en.wikipedia.org/wiki/Glucansucrase
https://en.wikipedia.org/wiki/Acidic
https://en.wikipedia.org/wiki/Mineralization_(biology)
https://en.wikipedia.org/wiki/Tooth_enamel
https://en.wikipedia.org/wiki/Dextran
https://en.wikipedia.org/wiki/Polysaccharide
https://en.wiktionary.org/wiki/cohere
https://en.wikipedia.org/wiki/Hexosyltransferases
https://en.wikipedia.org/wiki/Substrate_(biochemistry)
https://en.wikipedia.org/wiki/Sucrose
https://en.wikipedia.org/wiki/Caries_vaccine
https://en.wikipedia.org/wiki/Vertical_transmission
https://en.wikipedia.org/wiki/Oral_hygiene
https://en.wikipedia.org/wiki/Biofilm
https://en.wikipedia.org/wiki/Antibiotic
https://en.wikipedia.org/wiki/Fluoride
https://en.wikipedia.org/wiki/Enolase
https://en.wikipedia.org/wiki/Chlorhexidine
https://en.wikipedia.org/wiki/Xylitol
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Immunity 
The term immunity  refers to the general ability of a host to resist a 

particular infection or disease. 

Immunology is the science that is concerned with immune 

responses to foreign challenge and how these responses are used to 

resist infection. It includes the distinction between ―self‖ and 

―nonself‖ and all the biological, chemical, and physical aspects 

of the immune response .There are two fundamentally different 

types of immune responses to an invading microorganism and/or 

foreign material.  

1. The nonspecific immune response is also known as 

nonspecific resistance and innate or natural immunity; it 

offers resistance to any microorganism or foreign material 

encountered by the vertebrate host. It includes general 

mechanisms inherited as part of the innate structure and 

function of each animal (such as skin, mucus, and 

constitutively produced antimicrobial mediators like 

lysozyme), and acts as a first line of defense. The nonspecific 

immune response defends against foreign particles equally 

and lacks immunological memory that is, nonspecific 

responses occur to the same extent each time a 

microorganism or foreign body is encountered. 
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First line of Defense 

A- PHYSICAL BARRIERS IN NONSPECIFIC 

(INNATE) RESISTANCE 

Skin 

The intact skin contributes greatly to nonspecific host resistance 

.It forms a very effective mechanical barrier to microbial 

invasion. Its outer layer consists of thick, closely packed cells 

called keratinocytes, which produce keratins. Keratins are 

scleroproteins (i.e., insoluble proteins) that make up the main 

components of hair, nails, and the outer skin cells. These outer 

skin cells shed continuously, removing any grime or 

microorganisms that manage to adhere to their surface. The skin 

is slightly acidic (around pH 5 to 6) due to skin oil, secretions 

from sweat glands, and organic acids produced by commensal 

staphylococci. It also contains a high concentration of sodium 

chloride and is subject to periodic drying. 

Mucous Membranes 

The mucous membranes of the eye (conjunctiva) and the 

respiratory, digestive, and urogenital systems withstand 

microbial invasion because the intact stratified squamous 

epithelium and mucous secretions form a protective covering 

that resists penetration and traps many microorganisms. This 

mechanism contributes to nonspecific immunity. 
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Respiratory System 

The mammalian respiratory system has formidable defense 

mechanisms. The average person inhales at least eight 

microorganisms a minute, or 10,000 each day. Once inhaled, a 

microorganism must first survive and penetrate the air-filtration 

system of the upper and lower respiratory tracts. 

Gastrointestinal Tract 

Most microorganisms that reach the stomach are killed by 

gastric juice (a mixture of hydrochloric acid, proteolytic 

enzymes, and mucus). The very acidic gastric juice (pH 2 to 3) 

is sufficient to destroy most organisms and their toxins, although 

exceptions exist (protozoan cysts, Helicobacter pylori, 

Clostridium and Staphylococcus toxins). 

The Eye 

The conjunctiva is a specialized, mucus-secreting epithelial 

membrane that lines the interior surface of each eyelid and the 

exposed surface of the eyeball. It is kept moist by the continuous 

flushing action of tears (lacrimal fluid) from the lacrimal 

glands.Tears contain large amounts of lysozyme, lactoferrin, and 

sIgA and thus provide chemical as well as physical protection. 
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B- CHEMICAL MEDIATORS IN NONSPECIFIC 
(INNATE) RESISTANCE 

-Antimicrobial Peptides 

-Bacteriocins 

 

Second line of Defense 

A-  Complement system  

B- Cytokines 

Defense against viruses, microorganisms and their products, 

parasites, and cancer cells is mediated by both nonspecific 

immunity and specific immunity. Cytokines are required for 

immune regulation of both of these immune responses. The term 

cytokine is a generic term for any soluble protein or 

glycoprotein released by one cell population that acts as an 

intercellular (between cells) mediator or signaling molecule. 

When released from mononuclear phagocytes, these proteins are 

called monokines; when released from T lymphocytes they are 

called lymphokines; when produced by a leukocyte and the 

action is on another leukocyte, they are interleukins; and if their 

effect is to stimulate the growth and  differentiation of immature 

leukocytes in the bone marrow, they are called colony-

stimulating factors (CSFs). 

 

c-Interferons(IFNs)                                                                                                       are 

a group of related low molecular weight, regulatory cytokines 

produced by certain eukaryotic cells in response to a viral 
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infection. Besides defending against viruses, they also help 

regulate the immune response. 

 

d- PHAGOCYTOSIS 

e- INFLAMMATION 

Third line of Defense 

2. The specific immune responses, also known as acquired, 

adaptive, or specific immunity, resist a particular foreign 

agent, which occurs after exposure to an antigen (eg, an 

infectious agent) is specific and is mediated by either 

antibody or lymphoid cells. It can be passive or active. 

 Passive Immunity 

Passive immunity occurs naturally during pregnancy; the 

mother’s IgG antibodies cross the placenta and protect the fetus. 

These antibodies remain active in the newborn infant during the 

first few months of life, when the neonate’s own immune 

responses are still developing. Consequently, a number of 

infectious diseases normally do not occur until a baby is three to 

six months of age, by which time the maternal antibodies have 

been degraded. Passive immunity also occurs as a result of 

breast feeding; the IgA in breast milk protects the alimentary 

tract of the child. Passive immunity provides no memory; once 

the transferred antibodies are degraded, the protection is lost. 

Artificial passive immunity involves transferring antibodies 
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produced by other people or animals. This type of immunity can 

be used to prevent disease before or after likely exposure to an 

infectious agent, to limit the duration of certain diseases, and to 

block the action of microbial toxins. An antibody preparation 

that protects against a given toxin is called an antitoxin. 

 Active Immunity 

Active immunity is the result of an immune response in an 

individual upon exposure to antigen. Specific B and T lymphocytes 

are activated and then proliferate, providing the individual with the 

lasting protection associated with immunological memory. Active 

immunity can develop either naturally from an actual infection or 

artificially from administration of a vaccine. 
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Cells of the Immune System 

The cells responsible for both nonspecific and specific immunity 

are the leukocytes. All leukocytes originate from stem cells in the 

fetal liver and in the bone marrow of the animal host. stem cells 

have not yet committed to differentiating into one specific cell 

type. When they migrate to other body sites, some differentiate into 

hematopoietic stem cells that are destined to become blood cells. 
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When stimulated to undergo further development, some leukocytes 

become residents within tissues, where they respond to local 

trauma. These cells may sound the alarm that signals invasion by 

foreign organisms. Other leukocytes circulate in body fluids and 

are recruited to the sites of infection after the alarm has been raised. 

The average adult has approximately 7,400 leukocytes per cubic 

millimeter of blood 

 

 

 

 

 

 

 

 

 

 

This average value shifts substantially during an immune response. 

In defending the host against pathogenic microorganisms, 

leukocytes cooperate with each other first to recognize the 

pathogen as an invader and then to destroy it. These different 

leukocytes are now briefly examined. 
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Granulocytes:  Granulocytes have irregularly shaped nuclei with two to 

five lobes. Their cytoplasm has granules that contain reactive substances that 

kill microorganisms and enhance inflammation. 
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Three types of granulocytes exist: basophils, eosinophils, and 

neutrophils. Because of the irregularly shaped nuclei , neutrophils 

are also called polymorphonuclear neutrophils,or PMNs . 
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ANTIGENS 
The immune system distinguishes between ―self‖ and ―nonself‖ 

through an elaborate recognition process. Self and nonself 

substances that elicit an immune  response and react with the 

products of that response are often called antigens. Antigens 

include molecules such as proteins, nucleoproteins, 

polysaccharides, and some glycolipids. While the term 

―immunogen‖ (immunity generator) is a more precise descriptor 

for a substance that elicits a specific immune response, ―antigen‖ is 

used more frequently. Most antigens are large, complex molecules 

with a molecular weight generally greater than 10,000 Daltons 

(Da). The ability of a molecule to function as an antigen depends 

on its size, structural complexity, chemical nature, and degree of 

foreignness to the host. Each antigen can have several antigenic 

determinant sites, or epitopes . 

 

 

 

 

 

 

 

 

 

 

 

 

 

a- Complex molecules with 
several epitopes make good 

immunogens. 
b- Poor immunogens include small 

molecules not attached to a 
carrier molecule (1), simple 
molecules (2), and (3) large 
but repetitive molecules. 
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Epitopes are the regions or sites in the antigen that bind to a 

specific antibody or T-cell receptor through an antigen-binding site. 

Haptens 
Many small organic molecules are not antigenic by themselves but 

become antigenic if they bond to a larger carrier molecule such as a 

protein. These small antigens are called haptens . When 

lymphocytes are stimulated by the combined hapten-carrier 

molecule, they can react to either the hapten or the larger carrier 

molecule. This occurs because the hapten functions as one epitope 

of the carrier. When the carrier is processed and presented to T 

cells, responses to both the hapten and the carrier protein can be 

elicited. As a result, both hapten specific and carrier-specific 

antibodies can be made. One example of a hapten is penicillin. By 

itself penicillin is a small molecule and is not antigenic. However, 

when it is combined with certain serum proteins of sensitive 

individuals, the resulting molecule becomes immunogenic, 

activates lymphocytes, and initiates a severe and sometimes fatal 

allergic immune reaction. In these instances the hapten is acting as 

an antigenic determinant on the carrier molecule.  

ANTIBODIES  

       Antibodies are glycoprotein molecules also called                                             

immunoglobulins. Each antibody has at least two sites that bind to  

antigenic determinants.  These sites are known as  antigen binding 

sites.The number of antigen  binding sites on an antibody 
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determines the  valance of that antibody.  Most human antibodies  

have two binding sites, therefore, they are  bivalent. 

BASIC ANTIBODY STRUCTURE 

1- Consists of four looping polypeptide chains linked together 

with disulfide bonds.  Two identical heavy (H) chains and two 

identical light (L) chains.  

2.    The four chains bound together using disulfide bonds to 

form an antibody monomer which is “Y” shaped. 

 

 

 

 

 

 

 

 

 

 

 

3. Each chain has a variable (V) region at one end and a constant 

(C) region at the other end. 

4. Both the H and L chains have sections located at the ends of the 

Y’s arms, called (V) regions. 
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5. Variable regions of the heavy and light chains combine to form 

the antigen-binding site. 

6. The stem of the antibody monomer and lower parts of the Y’s 

arms are called constant (C) regions. 

7.There are 5 major sequences found for C regions of H chains, and 

there are 2 different sequences for L chains. 

8.Each H chain sequence determines a different class of 

immunoglobulin. 

9.The stem of the Y shaped antibody monomer is called the Fc  
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   These names were assigned following early studies that showed 

that enzymatic digestion of antibodies yielded two types of 

fragments— fragments that were antigen-binding (Fab) and 

fragments that could be crystallized (Fc). 

 There are five major classes of human immunglobulin (Ig) 

molecules IgM, IgG, IgA, IgD, and IgE. Each class shares the same  

basic monomeric structure, but is distinguished by a characteristic 

amino acid sequence in the constant portion of the heavy chain. 

Since this is the part of the molecule that interacts with other 

―players‖ of the immune system, the various classes differ in their 

functional properties. The specialized attributes of each class will 
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be described later, after we consider some of the general 

characteristics of antibodies. 

 

IgG 

1. This monomer is the most abundant and diverse accounts for 

about 80-85% of all antibodies.   

2. These monomers can crosses the placenta and confers passive 

immunity, as well as, blood vessels.   

3. Monomers activate complement and increase phagocytosis. 

4.  These monomers convey long term immunity 

5. IgG protect against circulating bacteria and viruses, and bacterial 

toxins. 

IgM 

1. This monomer comprises about 5-10% of the antibodies in serum. 

2. IgM are the first ones to appear in response to the initial 

exposure to an antigen.   

3. IgM have a pentamer structure. 

4. They large size prevent IgM from moving about as freely as IgG, 

therefore, they remain in the blood vessels. 

5. They fix complement. 

IgA 

1. This monomer accounts for about 15% of the antibodies in serum. 

2. IgA can be monomers or dimers.   
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3. IgA monomers are found in salvia, sweat, breast milk, and 

secretions of the G.I. tract. 

4. They do not fix complement   

5. The main function of IgA is to prevent the attachment of 

pathogens to mucosal surfaces. 

IgD 

1. IgD atibodies comprise only about 0.2% of the total serum 

antibodies. 

2. IgD antibodies are found in blood and lymph and on the 

surfaces of B cells. 

3. They do not fix complement. 

4. They help to initiate the immune response. 

IgE 

1. IgE antibodies comprise about 0.002% of the total number of 

antibodies. 

2. IgE molecules bind tightly by their Fc ends to receptors on 

mast cells and basophils.  This causes the release of 

histamine. 

3. They do not fix complement. 
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Strategy of the Adaptive Immune Response 

The adaptive immune response uses two basic strategies for 

countering foreign material. One response, humoral immunity, 

works to eliminate antigens that are extracellular, for example, 

bacteria, toxins, or viruses in the bloodstream or in the fluid that 

surrounds tissues. The other, called cellular immunity or cell-

mediated immunity, deals with antigens residing within a host cell, 

such as a virus that has infected a cell. 

Humoral and cellular immunity are both powerful and, if 

misdirected, can cause a great deal of damage to the body’s own 

tissues. Because of this, the adaptive immune response is tightly 

regulated; each lymphocyte, the primary participants in the 
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adaptive response, requires a ―second opinion‖ from a different 

type of cell before it can unleash its power. 

  

Humoral immunity is mediated by B lymphocytes, or B 

cells. 
    B cells develop in the bone marrow. In response to extracellular 

antigens, B cells may be triggered to proliferate and then 

differentiate into plasma cells, which function as factories that 

produce Y-shaped molecules called antibodies. These molecules 

bind to antigens, providing protection to the host by mechanisms 

that will be described shortly. A high degree of specificity is 

involved in the binding, so a multitude of different antibody 

molecules are needed to bind to the wide array of antigens that are 

encountered throughout life. Some of the B cells form memory 

cells, long-lived cells that respond more quickly if the antigen is 

encountered again. 

Antibody molecules have two functional regions the two identical 

arms and the stem of the molecule. It is the arms of the Y that bind 

to a specific antigen; the amino acid sequence of the end of the 

arms varies from antibody to antibody, providing the basis for their 

specificity. The stem of the Y functions tagging antigen bound by 

antibody and enlisting other components of the immune system to 

eliminate the bound molecule. 

Antibodies that bind to an antigen protect the host by both direct 

and indirect mechanisms. Simply by coating an antigen, the 
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antibodies prevent that molecule from binding to critical sites on 

host cells. For example, a viral particle that has been coated with 

antibody cannot bind to its intended receptor on a host cell and, 

therefore, because it cannot attach, it is unable to enter the cell. The 

indirect protective effect is due to the ―red flag‖ region that 

facilitates elimination of the antigen by the innate defenses. 

Phagocytes, for example, have receptors for that region of the 

antibody molecule, enabling them to more easily engulf an antigen 

coated with bound antibodies; this is the process of opsonization. 

   How does a B cell know when to replicate in order to eventually 

produce antibodies? 

 Each B cell carries on its surface multiple copies of a membrane 

bound derivative of the antibody it is programmed to make  each of 

these molecules is called a B-cell receptor. If the B cell encounters 

an antigen that its B-cell receptors bind, then the cell may gain the 

capacity to multiply. Clones, or copies, of the cell are produced that 

can eventually differentiate to become plasma cells that make and 

secrete copious amounts of antibody. Generally, however, before 

the B cell can multiply, it needs confirmation by another 

lymphocyte, an effector T-helper cell, that the antigen is indeed 

dangerous. 
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PRIMARY and SECONDARY INFECTION 

1.  Primary response – after first exposure to an Ag immune system 

produces IgM and a gradual increase in Ab titer. 

2. Secondary response –after second contact with the same Ag, 

immune system produces a more rapid, stronger response due to 

memory cells. 
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Antibody production occurs in four phases following antigen 

challenge: 

 Lag phase when no antibody is detectable. 

 Log phase in which antibody titer rises logarithmically. 

 Plateau phase during which the antibody titer remains steady. 

 Decline phase during which antibody levels gradually decline 

 You must be able to differentiate a primary and secondary 

immune response based on the following: 

 Time  

 Antibody Titer  

 Antibody Class  

 Antibody affinity and avidity  
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Elaborate Immunogenicity 
Ability to induce humoral and/or cell-mediated immune 

response‖ B cells + Antigen  Plasma cells + Memory Cells  

T cells + Antigen + MHC  T effector cells + Memory Cells  

Antigenicity 
Ability to combine specifically with the final product of the 

above  responses‖ (i.e antibodies and/or cell surface receptors) 

Example: Haptens = molecules that can bind to antibodies or  

surface receptors (antigenic). However, they cannot induce  

specific immune response alone (non immunogenic)   
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The immune system is a myriad of cells, tissues, and soluble 

factors that cooperate to defend against foreign invaders. 
 

antibody (immunoglobulin) A glycoprotein made by plasma cells (mature 

B cells) in response to the introduction of an antigen. The antibody-binding 

region of an antibody molecule assumes a fi nal confi guration that is the 

three-dimensional mirror image of the antigen that stimulated its synthesis. 

Thus the antibody can bind to the antigen with exact specifi city. 
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antigen A foreign substance (such as a protein, nucleoprotein, 

polysaccharide, or sometimes a glycolipid) that induces an 

immune response. 

basophil A white blood cell in the granulocyte lineage that is 

weakly phagocytic. Importantly, it synthesizes and stores 

vasoactive molecules (e.g., histamine) that are released in 

response to external triggers. 

B lymphocyte or B cell A type of lymphocyte derived from bone 

marrow stem cells that matures into an immunologically competent 

cell. Following interaction with an antigen, it becomes a 

plasma cell, which synthesizes and secretes antibodies. 

chemokine A glycoprotein having potent leukocyte activation 

and chemotactic activity. 

complement system Plasma proteins that bind to foreign 

materials to remove them from the host. 

cytokine A general term for proteins released by cells of the 

immune system in response to specifi c stimuli. Cytokines 

infl uence the activities of other cells. 

dendritic cell An antigen-presenting cell that has long membrane 

extensions resembling the dendrites of neurons. These 

cells are found in the lymph nodes, spleen, and thymus (interdigitating 

dendritic cells); skin (Langerhans cells); and other 

tissues (interstitial dendritic cells). 

interferon (IFN) A glycoprotein that has nonspecifi c antiviral 

activity by stimulating cells to produce antiviral proteins, which 

inhibit the synthesis of viral RNA and proteins. Interferons also 

regulate the growth, differentiation, and function of a variety of 

immune system cells. 
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interleukin A cytokine produced by macrophages and T cells 

that regulates cellular growth and differentiation, particularly of 

lymphocytes. 

lymph node A small secondary lymphoid organ that contains 

lymphocytes, macrophages, and dendritic cells. It serves as a 

site for fi ltration and removal of foreign antigens and for the 

activation and proliferation of lymphocytes. 

lymphokine A biologically active glycoprotein secreted by activated 

lymphocytes, especially sensitized T cells. It acts as an 

intercellular mediator of the immune response and transmits 

signals affecting cell growth, differentiation, and behavior. 

macrophage A large, mononuclear phagocytic cell, present in 

various tissues. Macrophages are derived from monocytes. 

They phagocytose and destroy pathogens; macrophages also 

activate B cells and T cells. 

membrane attack complex (MAC) Complement components 

(C5b–C9) that assemble to create a pore in the plasma membrane 

of a target cell, leading to target cell lysis. 

monocyte-macrophage system The collection of fi xed phagocytic 

cells (including macrophages, monocytes, and specialized 

endothelial cells) located in the liver, spleen, lymph nodes, and 

bone marrow. This system is an important component of the 

host’s nonspecifi c defense against pathogens. 

monokine A protein (cytokine) produced by mononuclear 

phagocytes (monocytes or macrophages) that mediates 

immune responses. 

natural killer (NK) cell A type of white blood cell that has a 

lineage independent of the granulocyte, B-cell, and T-cell lineages. 
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NK cells are capable of killing virus-infected and 

malignant cells. 

neutrophil A mature white blood cell in the granulocyte lineage 

formed in bone marrow. It has a nucleus with three to fi ve 

lobes and is phagocytic. 

nonspecifi c immune response General defense mechanisms 

that are inherited as part of the innate structure and function of 
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Dental plaque and Dental Caries 
 
 

Dental plaque is a biofilm or mass of bacteria that grows on surfaces within 

the mouth. It is a sticky colorless deposit at first, but when it forms tartar, it is 

often brown or pale yellow. It is commonly found between the teeth, on the front 

of teeth, behind teeth, on chewing surfaces, along the gumline, or below the 

gumline cervical margins. 

 

Dental caries is a chronic endogenous infection caused by the normal oral 

commensal flora. The carious lesion is the result of demineralization of enamel 

(and later of the dentine) by acids produced by plaque microorganisms 

metabolize dietary carbohydrates and the cavitation occur . once the surface layer 

of enamel has been lost the infection progresses to dentine, becoming firstly 

inflamed and then necrotic. 

 

 Classification of dental caries  

Dental caries can be classified with respect to the site of the lesion 

- pit or fissure caries ( seen in molars, premolars and the lingual surface of 

maxillary incisors) 

- smooth surface caries (seen mainly on approximal tooth surface just 

below the contact point) 

- root surface caries (seen on cementum or dentine when the root is 

exposed to the oral environment)   

- recurrent caries ( associated with an existing restoration) 
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Aetiology  
The major factors involved in the caries  

- Host factor (tooth and saliva) 
- Diet 
- Microorganisms 

 
Host factor 

Tooth structure  

Some areas of the same tooth are much more susceptible to carious attack than 

others, possibly because of difference in mineral content (especially fluoride). 

Flow rate and composition of saliva  

-The mechanical washing action of saliva is a very effective mechanism in the 

removal of food debris and unattached oral microorganisms. 

- it has buffering capacity 

-it acts as a delivery vehicle for fluoride.   
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Diet 

There is a direct relationship between dental caries and the intake of 

carbohydrates. The most cariogenic sugar is sucrose. Sucrose is highly soluble 

and diffuse easily into the dental plaque acting as a substrate for production of 

extracellular polysaccharides and acids. For example, Cariogenic streptococci 

produce water-unsoluble glucan from sucrose, which in addition to facilitating 

initial adhesion of the organism to the tooth surface, it serves as a nutritional 

source and matrix for farther plaque development.  

Other cariogenic carbohydrates are glucose and fructose.    

 

Microbiology 

Microorganisms in the form of dental plaque is a prerequisite for the development 

od dental caries.  

 

Dental plaque hypothesis 

There two hypotheses for dental plaque and caries according to the relationship 

with microorganisms: 

1- The specific plaque hypothesis: One or more specific group of bacteria are 

principally involved in caries ( e.g. mutans streptococci group). 

2- Non-specific plaque hypothesis: the disease is caused by heterogenous 

mixture of non-specific bacteria.  

 

The role of mutans streptococci 

The species Streptococcus mutans, with its serotypes (c, e, f and s), and 

Streptococcus sobrinus, with serotypes d and g, are the most commonly found in 

humans. 

The evidences of their role in dental caries are: 

- Correlation between mutans streptococci counts in saliva and plaque with 

prevalence and incidence of caries. 
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- production of extracellular polysaccharides from sucrose and intracellular 

polysaccharides as glycogen (acts as a food store for use within dietary 

carbohydrate are low.   . 

- Ability to produce and maintain microbial growth to continue acid 

production. 

- Rapid metabolism of sugars to lactic and other organic acids. 

- Ability to attain the critical PH for enamel demineralization more rapidly 

than other common plaque bacteria. 

 

The role of lactobacilli 

lactobacilli has impotent role in dental caries. because of:  

- Their high numbers in most carious lesions affectiig enamel. 

- The positive correlation between their number in plaque and saliva and 

caries activity. 

- Their ability to grow in low-pH environments and to produce lactic acid. 

-  Their ability to produce extracellular and intracellular polysaccharides. 

It is so important to mention that lactobacilli are rarely isolated from 

plaques before the development of caries. It is believed that they are involved 

more in the progression of the deep enamel lesion.  

 

The role of Actinomyces spp. 

Actinomyces spp. are associated with development of root surface caries. 

 

The role Veillonella 

 Veillonella is gram -negative anaerobic coccus that is present in significant 

numbers in most supragingival plaque samples. 
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Plaque metabolism and dental caries 

Oral bacteria have developed a number of regulatory mechanisms, which act at 

three pathways: 

1. transport of sugar into the organisms  

2. the glycolytic pathway. 

3. conversion of pyruvate into metabolic end products. 

The bacterial metabolism products are responsible for enamel demineralization. 

The process begins when dietary sugar is broken down by bacterial extracellular 

enzymes such as glucosyl and fructosyl transferases, with the release of glucose 

and fructose, respectively. These monosaccharides are then converted into 

polysaccharides glucans and fructans, respectively. Glucans are mostly used as a 

major bacterial food source; the fructans contribute to the plaque matrix while 

facilitating the adhesion and aggregation of plaque bacteria and serving as a 

ready, extracellular food source.   

During glycolysis, glucose is degraded immediately by bacteria via the glycolytic 

pathway with production of two bacterial molecules from each molecule of 

glucose. The pyruvate can degraded farther into other chemical molecules.  

 

• under low sugar condition, pyruvate is converted into ethanol, acetate and 

formate. 

• in high sugar level, pyruvate is converted into lactate molecules. 

 

Different species produce acids at different rate and very in their ability to survive 

under such conditions.  the mutens streptococci bacteria reduce the plaque PH to 

low levels creating hostile conditions for other plaque bacteria.  

 

Microbiology of root surface caries 

Approximately 60% of individuals in the West aged 60 yeas or older now have 

root caries. This has arisen mainly because of the reduction in enamel caries and 
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the consequential retention of teeth later into life, accompanied by gingival 

recession. The soft cemental surface thus exposed are highly susceptible to 

microbial colonization, due to their irregular and rough surfaces. 

 

Prevention of dental caries  

The major approaches to prevention of caries are: 

1- Sugar substitutes: stopping or reducing between-meal consumption of 

carbohydrates or substituting non-cariogenic artificial sweeteners. 

2- Fluorides: making the tooth structure less soluble to acid attack by using 

fluorides rich products. 

3- Sealants: to protect susceptible areas of the tooth ( e.g. pit and fissures) that 

cannot easily be kept plaque-free by routine oral hygiene measures. 

4- Reducing cariogenic flora. 

5- Probiotics replacement of cariogenic bacteria by organisms with low or no 

cariogenic potential.  
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Bacterial physiology  

Microbial Growth  

When microbes are provided with nutrients and the required environmental 

factors, they become metabolically active and grow. Growth takes place on two 

levels.  

 

- Cell synthesizes new cell components and increases its size.  

-The number of cells in the population increases.  

 

The size of population is increased due to the bacterial cell multiplication by cell 

division. This has tremendous importance in microbial control, infectious disease, 

and biotechnology.  

The division of a bacterial cell occurs mainly through binary, or transverse, 

fission. During binary fission, the parent cell enlarges, duplicates its 

chromosome, and forms a central transverse septum that divides the cell into two 

daughter cells. This process is repeated at intervals by each new daughter cell in 

turn; and with each successive round of division, the population increases.  
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Bacterial Nutritional requirements  

Bacterial requirements for growth include oxygen, hydrogen and carbon), 
inorganic ions and organic nutrients.  

Hydrogen is usually obtained from water, and oxygen is obtained from 
atmosphere or from water where it is found in dissolved state.  

Carbon: according to their ability to synthesize essential metabolism (obtained 
carbon), bacteria can be classified into the following types: 

A- Autotrophs:- These bacteria are able to synthesize their own organic food from 
inorganic substances. They use carbon dioxide for obtaining carbon  

B- Heterotrophs:-Microbes obtain their carbon from organic compound, such as 
sugar, protein and lipids.  

Inorganic ions; Nitrogen, sulphur, phosphate, potassium and some other 
elements.   

Organic nutrients:- Organic nutrients are required in small amounts by cells 
because they play specific roles in biosynthesis. Growth factors are organized 
into three categories. 

1- purines and pyrimidines: required for synthesis of nucleic acids (DNA 
and RNA) 

2- amino acids: required for the synthesis of proteins 
3- vitamins: needed as coenzymes and functional groups of certain enzymes  

 

Factors that modify bacterial growth  

pH:-  

according to their acidity requirements bacteria can be classified into:   

1-Acidophiles:- Microorganisms which grow at pH (3-5). 
2- Neutrophiles:- Microorganisms which grow best at neutral pH (6-8) 
3- Alkaliphiles:- Microorganisms which grow best under alkaline conditions pH 
as high as 10.5. 
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Gas requirement:-  

Microorganisms fall into several groups with respect to the effect of oxygen 
on their growth and metabolism: 

1. Obligate aerobes 
- Oxygen is essential for growth of these bacteria.  
- examples: Pseudomonas aeruginosa 

2. Obligate anaerobes 
- These bacteria are not need or use O2 as a nutrient. Or in other words: only 
grow in absence of Oxygen 
- examples: Clostridium, Bacteroides 
 
3. Facultative anaerobes 
- These bacteria grow in presence or absence of Oxygen. Under anaerobic 
conditions (no O2) they grow by fermentation, or anaerobic respiration, but in 
the presence of O2 they switch to aerobic respiration. 
-it may be sub grouped as capnophiles or capnophilic organisms if they grow 
well in the presence of 8-10% carbon dioxide.   
- examples: all Enterobacteriaceae (E.coli), some Bacillus 

4. Aerotolerant anaerobes  
- Grow either with or without oxygen, but metabolism remains fermentative and 
do not use oxygen 
- examples: Enterococcus faecalis, some Lactobacillus 

5-Microaerophilec  
-these bacteria grow well under low oxygen concentration 
-examples: Campylobacter fetus 
 

Temperature:-  

The temperature range at which organism grow best is called optimum 
temperature. In human parasitic organism optimum temperature ranges between 
30° C and 37° C. there are three groups of bacteria as regard to the 
temperature:- 
 

1- Psychrophilic:- The bacteria is growing between 0° C and 25° C. they are 
mostly soil and water bacteria  
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2- Mesophilic:- Some bacteria grow between 20° C and 44° C this group 
include bacteria producing disease. 
 

3- Thermophilic:- The bacteria can grow between 50 and 80° C this bacteria 
will survive after pasteurization processes of milk. 

 

The Rate of Population Growth  

The time required for a complete fission cycle—from parent cell to two new 

daughter cells—is called the generation, or doubling time. In bacteria, each new 

fission cycle or generation increases the population by a factor of 2, or doubles 

it.  

The length of the generation time is a measure of the growth rate of an organism. 

The average bacterial generation time is 30 to 60 minutes under optimum 

conditions. 

 The shortest generation times average 5 to 10 minutes, and longer generation 

times require days.  

Some bacterial species, for example, Mycobacterium leprae (the cause of 

Hansen’s disease), has a generation time of 10 to 30 days.  

Most pathogenic bacteria have relatively short doubling times. Salmonella 

enteritidis and Staphylococcus aureus, bacteria that cause food-borne illness, 

double in 20 to 30 minutes.  

 

Stages in the Normal Growth Curve  

Data from an entire growth period of 3 to 4 days typically produce a curve with 

a series of phases termed the lag phase, the exponential growth (log) phase, the 

stationary phase, and the death phase . 
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I-The lag phase is an early “flat” period on the graph when the population 

appears not to be growing or is growing at less than the exponential rate. Growth 

lags primarily because  

1. The newly inoculated cells require a period of adjustment, enlargement, and 

synthesis of DNA, enzymes, and ribosomes.  

2. The cells are not yet multiplying at their maximum rate.  

The length of the lag period varies from one population to another, depending on 

the condition of the microbes and medium.  

II-Logarithmic or log phase :The cells reach the maximum rate of cell division 

during the exponential growth (logarithmic or log) phase, a period during which 

the curve increases in a straight line. This phase will continue as long as cells 

have adequate nutrients and the environment is favourable. During this phase, the 

population achieves its potential generation time, and  bacterial growth is 

genetically coordinated.  

III-stationary growth phase: The population enters a survival mode in which 

cells stop growing or grow slowly. The curve levels are off, as the rate of cell 

inhibition or death is equal or so close to the rate of cell multiplication. The 
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number of viable cells has reached maximum and remains relatively constant 

during this period.  

 

The death phase :The decline in the growth rate is caused by several factors.  

 

1-Depletion of nutrients and oxygen.  

2-Increased cell density often causes an accumulation of organic acids and other 

toxic biochemical.  

 

Cells begin to die at an exponential rate and most are unable to multiply. The 

curve now dips downward as the death phase begins. The speed with which death  

occurs depends on the relative resistance of the species and how toxic the 

conditions are, but it is usually slower than the exponential growth phase.  

 

Bacterial genetics 
 
Genetics is the study of the inheritance and variation. All bacterial characteristics 

are encoded in DNA. DNA or Deoxyribonucleic acid is a molecule composed 

of two chains (made of nucleotides) that coil around each other to form a double 

helix carrying all the genetic instructions that used in the growth, development, 

functioning and reproduction of all known living organisms and many viruses. 

DNA and ribonucleic acid (RNA) are nucleic acids; alongside proteins, lipids and 

complex carbohydrates (polysaccharides), which all are the four major types of 

macromolecules that are essential for all known forms of life. 

The two DNA strands are also known as polynucleotides since they are composed 

of simpler monomeric units called nucleotides.  

Each DNA nucleotide is composed of one of four nitrogen-

containing nucleobases (cytosine[C], guanine [G], adenine [A] or thymine [T]), 

a sugar called deoxyribose, and a phosphate group. The nucleotides are joined to 
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one another in a chain by covalent bonds between the sugar of one nucleotide and 

the phosphate of the next, resulting in an alternating sugar-phosphate backbone. 

The nitrogenous bases of the two separate polynucleotide strands are bound 

together, according to base pairing rules (A with T and C with G), with hydrogen 

bonds to make double-stranded DNA. 

The complementary nitrogenous bases are divided into two 

groups, pyrimidines  [C,T, and uracil U (exist in the RNA strand instead of T )]. 

 and purines (G and A). In DNA, the pyrimidines are thymine and cytosine; the 

purines are adenine and guanine. 
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The DNA of most bacteria is contained in a single circular molecule, called the 

bacterial chromosome. The chromosome, along with several proteins 

and RNA molecules, forms an irregularly shaped structure called the nucleoid. 

This sits in the cytoplasm of the bacterial cell. 

Genes 
The genetic code of bacteria is contained in a series of units called genes. As the 

normal bacterial chromosome has one copy of each gene, bacteria are called 

haploid organisms (higher organisms which contain two copies of the gene called 

diploid). 

A gene is a chain of purine and pyrimidine nucleotides. the genetic information 

is encoded in triple nucleotide groups or codons. Each codon codes for specific 

amino acid or regulatory sequence, e.g. starts and stope codons. In this way the 

structural genes determine the sequence of amino acids that form the protein, 

which is the gene product.  

 

Genetic variation in bacteria   
Genetic variation can occur  as a result of mutation or gene transfer. 
A- Mutation  
Mutation is a change in the base sequence of DNA, as a consequence of which 

different amino acids are incorporated into a protein, resulting in an altered 

phenotypes. There are three types of DNA mutations. 

1 Base substitution : this occurs during DNA replication when one base is 

inserted in place of another. And it has two types  

-Missense mutation: when the base substitution results in a codon that 

instructs a different amino acid to be inserted. 

-nonsense mutation: when the gene mutation stops its protein synthesis. 

2 Frame shift mutation:  which occur when one or more base pair are added 

or deleted that resulted in production of inactive protein because of the 

production of wrong amino acids. 

3 Insertion : the insertion of additional pieces of DNA. 
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B-Gene transfer 

 the transfer of genetic information can occur by: 

1. Conjugation 

2. Transduction 

3. Transformation 

4. Transposition 

 
Conjugation 

Bacterial conjugation is the transfer of genetic material between bacterial cells by 

direct cell-to-cell contact (mating of two cells) or by a bridge-like connection 

between two cells. This takes place through pilus (Pili in plural).  

It is one of horizontal gene transfer mechanisms. During conjugation 

the donor cell provides a conjugative or mobilizable genetic element that is most 

often a plasmid or transposon. Most conjugative plasmids have systems ensuring 

that the recipient cell does not already contain a similar element. 



Dr Mohammed Radhi                                                                                  Karama.T.Altaee  
M.Sc. Medical Microbiology                                                                      M.Sc. Medical Microbiology 
PhD. Molecular Microbiology.UK 

 10 

The genetic information transferred is often beneficial to the recipient. Benefits 

may include antibiotic resistance, xenobiotic tolerance or the ability to use 

new metabolites.  The mating process is controlled by an F (fertility) plasmid 

,carrying genes for the proteins required for mating including pilin, which forms 

pilus. 

1. Donor cell [cell carrying F factor or (F+)] produces pilus. 

2. Pilus attaches to recipient cell and brings the two cells together. 

3. The mobile plasmid is cleaved enzymatically and a single strand of DNA 

is then transferred to the recipient cell. 

4. Both cells synthesize a complementary strand to produce a double stranded 

circular plasmid and are able to reproduce pili; both cells are now viable 

donor for the F-factor. 

  

Schematic drawing of bacterial conjugation. 
 
Schematic drawing of bacterial conjugation. 
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Transduction 

Transduction is a process of DNA transfer by means of bacterial virus 

(bacteriophage or phage). The are two life cycle of the bacteriophage, lysogenic 

(the phage inject its genome inside bacterial genome and stays stable) and 

replication life (they replicate inside the bacterial cell using all its metabolic 

mechanisms) cycles. When the lysogenic bacteria be inducted (by UV light or 

antibiotic) and starts the replication action of the phage, within the host bacterial 

cell, a piece of bacterial DNA is incorporated accidentally in to the phage particle 

and is carried to the recipient cell at the time of next infection.  
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Transformation 

This is the transfer of exogenous of bacterial DNA from one cell to another. It 

occurs in nature when dying bacteria release their DNA, which is than taken up 

by recipient cells and recombined with the recipient cell’s DNA. 

 

 

 

 

 

 

 

Transposition  

This occurs when transposable element moves from one DNA site to another 

within the same genome of the same organism.  

The simplest transposable elements, called; insertion sequences, are less than 2 

kilobases in length and encodes enzymes (transposase) required for “DNA 

jumping”  from one site to another.  

DNA recombination 
The transferred DNA from the donor cell to the recipient cell is integrated into 

the host genome by a process called DNA recombination. There are two types of 

DNA recombination depends on DNA homology between the two recombinant 

molecules: 

1- Homologous recombination 

2- Nonhomologous recombination. 
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Plasmids 

A plasmid is a small  DNA molecule within a cell that is physically separated 

from a chromosomal DNA and can replicate independently. They are most 

commonly found as small circular, double-stranded DNA molecules in bacteria; 

however, plasmids are sometimes present in archaea and eukaryotic organisms. 

In nature, plasmids often carry genes that may benefit the survival of the 

organism, for example antibiotic resistance. While the chromosomes are big and 

contain all the essential genetic information for living under normal conditions, 

plasmids usually are very small and contain only additional genes that may be 

useful to the organism under certain situations or particular conditions. Artificial 

plasmids are widely used as vectors in molecular cloning, serving to drive the 

replication of recombinant DNA sequences within host organisms. In the 

laboratory, plasmids may be introduced into a cell via transformation. 

 



Bacillus and Clostridium 
 

Zainab kamil yousif 
Medical microbiology 

Third year 
 



Bacillus 
•shaped, -of rod genus ), any of aBacillus , (genusBacillus

gram-positive,  endospore-forming, aerobic or (under 
widely found in  bacteria some conditions) anaerobic

soil and water. Some types of Bacillus bacteria are 
harmful to humans, plants, or other organisms. For 
example, B. subtilis is a common contaminant of 

. human skin is often found onand  cultures laboratory
Most strains of Bacillus are not pathogenic for humans 
but may, as soil organisms, infect humans incidentally. 

which  ,anthracisB.  A notable exception is
  in humans and domestic animals. anthrax causes 

https://www.britannica.com/science/genus-taxon
https://www.britannica.com/science/bacteria
https://www.britannica.com/science/human-skin
https://www.merriam-webster.com/dictionary/cultures
https://www.britannica.com/science/Bacillus-anthracis
https://www.britannica.com/science/anthrax-disease


Gram positive Bacillus 

 



This figure clearly shows the spores on 
the rod shaped B. anthracis 

 



Bacillus anthracis 
 

•Anthrax is caused by Bacillus anthracis, 
humans acquire the disease directly from 
contact with infected herbivores or indirectly 
via their products. The clinical forms include:  

 
•( 1 ) Cutaneous anthrax (eschar with 

edema),generally occurs on exposed surfaces 
of the arms, face and neck through wound 
contamination by the spores of organism.  



•(2) Intestinal anthrax, from eating infected 
meat. 

•(3) Pulmonary anthrax(wool sorter′s disease), 
from inhaling spore-laden dust. 

 



Virulence factors 
 

•The virulence factors of B anthracis are its 
capsule and anthrax toxin. 



Diagnosis 

•The typical morphology of the bacillus: in 
clinical material B. anthracis are Gram-positive 
thick, long, straight bacilli with square or 
truncated ends with parallel sides found 
usually single, in pairs or chains of 3 or 4 
bacilli. The chain of bacilli with truncated and 
swollen ends gives a characteristic “bamboo 
stick” appearance. 



 



Gram stain of Bacillus anthracis 
 

 



Culture media 
•Nutrient agar 

•After overnight incubation at 35–37 °C 
colonies are large, 2–3 mm in diameter, 
irregular, raised, dull, opaque and greyish-
white with “frosted glass” (ground glass) This 
is the so-called “Medusa head appearance”. 



 



•Blood agar 
•After overnight incubation at 35–37 °C on 

horse or sheep blood agar (BA), colonies of 
freshly isolated B. anthracis are white, or grey-
white and non-haemolytic. 

 
 



Blood agar no haemolysis 

 



•Spores 
•For diagnostic purposes, they can generally be 

visualized in smears of standard laboratory 
agar plate cultures (e.g. blood agar or nutrient 
agar) after 20–24 hours of incubation at 35 °C 
to 37 °C. The spores are central/subterminal. 



•In Gram-stained preparations, the developing 
spores appear as unstained areas within the 
cell. With malachite green/safranin (or 
malachite green/basic fuchsin) staining, the 
spores are stained green and the vegetative 
forms are pink.  



•In the Ziehl-Neelsen staining, spores are pink 
and the vegetative forms are blue.  



•Capsules 
•They can be induced either by growth in 

bicarbonate agar containing serum under a 
5%–20% carbon dioxide atmosphere, or in 
defibrinated blood or in serum (defibrinated 
horse blood seems to work best). 



•Selective agars – PLET  
•Selective media are needed for the isolation 

of B. anthracis from clinical materials or 
environmental samples heavily contaminated 
with other bacteria. The best selective system 
was the polymyxin, lysozyme, EDTA and 
thallous acetate (PLET) agar.  

 



•Bicarbonate agar 
•Colonies of bacillus anthracis of fully virulent 

isolates are mucoid in nature on this medium 
when incubated at an increased CO2 tension 
(5%CO2) due to capsule formation. 

•This culture was probably enhances 
production of the the capsule and accounts 
for the mucoid colony type. 

 
 



Bacillus anthracis 

 



•Susceptibility to penicillin G 
• B. anthracis is susceptible to pencillin ,the zone 

of susceptibility will be visible after overnight 
incubation at 35–37 °C and incubation on 
medium containing low level of pencillin causes 
the bacterium to  swell and form achain of cells 
that resemble a string of pearls .Other bacillus 
species are resistant to pencillin and do not 
exhibit this String of pearls reaction.  



 



•Susceptibility to the diagnostic (“gamma”) 
bacteriophage(phage lysis): 

•The diagnostic (“gamma”) phage has the 
ability to lyse B. anthracis grown aerobically 
on blood or other nutrient agar and will not 
lyses any other Bacillus species.  

 



 



Biochemical reactions 

•Glucose, maltose and sucrose fermented with 
acid but no gas  

•Catalase positive 
 



 



Bacillus subtilis 
•-catalase ,positive-Gram a, is subtilisBacillus 

, found in soil and bacterium positive
and  ruminants of gastrointestinal tract the

humans. B. subtilis is rod-shaped, and can 
, allowing endospore form a tough, protective

it to tolerate extreme environmental 
conditions.  

https://en.wikipedia.org/wiki/Catalase
https://en.wikipedia.org/wiki/Gram-positive
https://en.wikipedia.org/wiki/Bacterium
https://en.wikipedia.org/wiki/Ruminant
https://en.wikipedia.org/wiki/Gastrointestinal_tract
https://en.wikipedia.org/wiki/Endospore


 



•Bacillus subtilis has on several occasions been 
isolated from human infections. Infections 
attributed to B. subtilis include 
bacteremia, endocarditis, pneumonia, and 
septicemia. However, these infections were 
found in patients in compromised immune 
states. 



Diagnosis 
•Bacteria smearing, staining, and morphology: 

The unknown bacteria were stained by Gram 
method and observed by optical microscope 
under the oil-immersion lens which show 

, and can form a shaped-, rodpositive-gram
.endospore tough, protective 

https://en.wikipedia.org/wiki/Gram-positive
https://en.wikipedia.org/wiki/Endospore


 



•Biochemical tests of the bacteria: The 
unknown bacteria were subjected to 
carbohydrate fermentation test, indole 
formation negative, methyl red (MR)negative 
and VP tests positive, respectively. 



Clostridium 

•shaped, usually -of rod genus Clostridium,
, members of which are bacteria positive-gram

found in soil, water, and the intestinal tracts of 
humans and other animals. Most species grow 
only in the complete absence of oxygen,highly 
resistant to heat, desiccation, and toxic 
chemicals and detergents. The species are 
variable in size. 

https://www.britannica.com/science/genus-taxon
https://www.britannica.com/science/bacteria


•Clostridium perfringens  
•is an anaerobic gram-positive spore-forming 

bacillus that is associated with acute 
gastrointestinal infection ranging in severity from 
diarrhea to necrotizing enterocolitis and 
myonecrosis in humans. This pathogen possesses 
an arsenal of toxins that are responsible for 
disease pathogenesis and can form spores that 
are resistant to environmental stress. 

 





 



 







Cl.Perfringes from wound 
 





Cl. perfringens 
Causing 

Gas gangrene Food poisoning 
(Enterotoxin) 



Toxins 
• The toxins of Cl. perfringens  

– 1- α toxin (phospholipase C, lecithinase) is the most 
important toxin 

• Lyses of RBCs, platelets, leucocytes and endothelial cells 
• Increased vascular permeability with massive hemolysis and 

bleeding tissue destruction 
• Hepatic toxicity and myocardial dysfunction 

– 2- β-toxin is responsible for necrotic lesions in necrotizing 
enterocolitis 

– 3- Enterotoxin is heat labile toxin produced in colon food 
poisoning 

 
 



 
•Laboratory diagnosis 

 
 







Nagler’s Reaction 
•C. perfringens can be diagnosed by Nagler's 

reaction, in which the suspect organism is 
cultured on an egg yolk media plate(contains 
lecithin). 

•. One side of the plate contains anti-alpha-toxin, 
while the other side does not. A streak of suspect 
organism is placed through both sides. An area of 
turbidity will form around the side that does not 
have the anti-alpha-toxin, indicating 

 activity. lecithinase uninhibited 

https://en.wikipedia.org/wiki/Lecithinase




Nagler Reaction 

Positive Nagler Reaction Procedure of Nagler Reaction 



C. perfringens Nagler Reaction 

NOTE:  Lecithinase (α-toxin; phospholipase) hydrolyzes 
phospholipids in egg-yolk agar around streak on right.  Antibody 

against α-toxin inhibits activity around left streak. 





Clostridium tetani 

•Cl.tetani is widely distributed 
in soil & in intestine of human 
beings & animals. 

 
•They cause tetanus. Tetanus is 

a medical condition 
characterised by prolonged 
contraction of skeletal muscle 
fibres in both man & animal. 



 
Clostridium tetani 

. • Morphology 
• Gram positive, straight, slender rod 

with rounded ends  
• All species form endospore 

(drumstick with a large round end) 
• Fermentative 
• Obligate anaerobe  
• Motile by peritrichous flagella  
• Grows well in cooked meat broth 

and produces a thin spreading film 
when grown on enriched blood agar  

• Spores are highly resistant to 
adverse conditions  

• Iodine (1%) in water is able to kill 
the spores within a few hours.  

 



Clostridium tetani 
 

 



Clostridium tetani Gram Stain 

NOTE:  Round terminal spores give cells a 
“drumstick” or “tennis racket” appearance. 



Spore 
•The spores are spherical, 

terminal giving the bacillus 
the characteristic 

.appearance  ‘drumstick’ 
 

•Morphology depends on 
stage of development. 
Young spore may be oval 
rather than spherical. 



Toxins 
• Cl. tetani produces two types of toxins: 

• 1- Tetanolysin, which causes lysis of RBCs. 
• 2- Tetanospasmin is neurotoxin and essential 

pathogenic product.  
– Tetanospasmin is toxic to humans and various animals 

when injected parenterally, but it is not toxic by the oral 
route. 

– Tetanospasmin which causes increasing excitability of 
spinal cord neurons and muscle spasm  



Risus Sardonicus in Tetanus Patient 



Cultural characteristics 
•turbidity   .Robertson’s cooked meat medium:1

& some gas formation. The meat is not 
digested but turns black on prolonged 
incubation. 

• αfine translucent film of growth. .Blood agar:2
hemolysis is produced, which later develops 
into β hemolysis, due to the production of 

).tetanolysin( hemolysin 



Biochemical reactions 
•Forms indole. 

•MR & VP negative. 
•H2S is not formed. 

•Nitrates are not reduced. 
•Gelatin liquefaction-slow. 

•Greenish fluorescence produced on 
media containing neutral red. 



  
 

•Thank you 
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Microbiology  

Introduction 

Microbiology is study of microorganisms, or microbes, a huge diverse  group of 

generally minute (too small to be seen by naked eye)  simple life-forms, include: 

bacteria, archaea, algae, fungi, protozoa, and viruses.  

The field is concerned with the structure, function, and classification of such 

organisms and with ways of both exploiting and controlling their activities.  

This field study includes basic microbial research, research on infectious 

diseases, study of prevention and treatment of disease, environmental functions 

of microorganisms, and industrial use of microorganisms for commercial, 

agricultural, and medical purposes.   

Microorganisms are either unicellular, multicellular or acellular living organisms. 

And are either Eukaryotes or Prokaryotes.  

-Eukaryotes;  whose cells have a nucleus and organelles (e.g. mitochondria) 

enclosed within membranes, may also be multicellular and include organisms 

consisting of many cell types forming different kinds of tissue.  

-Prokaryotes is a unicellular organism that lacks nucleus, mitochondria, or any 

other organelle. All the intracellular components 

(proteins, DNA and metabolites) are located together in the cytoplasm enclosed 

by the cell membrane, rather than in separate cellular compartments. 

-Viruses are acellular microorganisms metabolically inert organisms and therefor 

replicate only within living cells.  

They are included in microbiology because of their small size, their close 

relationship with cells, and their involvement in numerous infectious diseases.  

Most microorganisms are measured in micrometers, with two exceptions. The 

helminths are measured in millimeters, and the viruses are measured in 

nanometers.  
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Microorganisms are essential to the operation of the earth’s ecosystems, as 

photosynthesizers, decomposers, and recyclers  

Microbiologists have identified the causative agents for over 2,000 infectious 

diseases. Some infectious diseases are currently emerging and reemerging. These 

are on the rise because of rapid travel, the opening up of undeveloped geographic 

areas, questionable agricultural practices and food handling, drug resistance, and 

increases in people with chronic medical conditions.  

 

 BACTERIA (bacterium)  

Bacteria are microscopic single-celled prokaryotic microorganisms that thrive in 

diverse environments. Typically a few micrometres in length, bacteria have 

a  number of shapes , ranging from  spheres to rods and spirals. Bacteria inhabit 

soil, water, acidic hot springs, radioactive waste, and the deep portions of Earth's 

crust. Bacteria also live in symbiotic and parasitic relationships with plants and 

animals. There are typically 40 million bacterial cells in a gram of soil and a 

million bacterial cells in a milliliter of fresh water.  

 Bacteria are vital in recycling nutrients, with many of the stages in nutrient cycles 

such as the fixation of nitrogen from the atmosphere and putrefaction. There are 

approximately ten times as many bacterial cells in the human flora as there are 

human cells in the body, with the largest number of the human flora being in the 

gut flora, and a large number on the skin. The vast majority of the bacteria in the 

body are rendered harmless by the protective effects of the immune system, and 

some are beneficial. However, several species of bacteria are pathogenic and 

cause infectious diseases, including cholera (Vibrio 

cholerae),syphilis(Treponema pallidum), anthrax( Bacillus anthracis) leprosy 

(Mycobacterium leprae) and plague(Yersinia pestis ) , The most common fatal 

bacterial diseases are respiratory infections, with tuberculosis( Mycobacterium 

tuberculosis ) alone killing about 2 million people a year ,mostly in Africa. In 
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developed countries, antibiotic care used to treat bacterial infections and are also 

used in farming, making antibiotic resistance a growing problem. In industry, 

bacteria are important in sewage treatment and the break down of oil spills, the 

production of cheese and yogurt through fermentation, and the recovery of gold, 

palladium, copper and other metals in the mining sector, as well as in 

biotechnology, and the manufacture of antibiotics and other chemicals.  

 

Bacterial Morphology  

Bacteria display a wide diversity of shapes and sizes. Bacterial cells are about 

one-tenth the size of eukaryotic cells and are typically 0.5– 5.0 micrometers in 

length.  

Bacteria can be classified by direct examination with the light microscope 

according to their morphology and arrangement. 

Most bacterial shaped (Fig.1) are either: 

1-Spherical  (coccus),  

2-Rod shaped with round-ended cylinders (bacillus) (e.g. Staphylococus aureus ).  

3- Slightly curved rods or comma-shaped (vibrio) (e.g. Bacillus anthracis ). 

4- Spiral-shaped, called spirilla (e.g Helicobacter pylori ) 

5-Tightly coiled, called spirochaetes (e.g.Treponema pallidum ) .  

6- A small number of species even have tetrahedral or cuboidal shapes , branching 

filamentous types with a star-shaped (e.g. Nocardia sp.).  

 

This wide variety of shapes is determined by the bacterial cell wall and 

cytoskeleton, and is important because it can influence the ability of bacteria to 

acquire nutrients, attach to surfaces, swim through liquids and escape predators.  

Shape and arrangement (Fig.1) of cells are key means of describing bacteria. 

Arrangements of cells are based on the number of planes in which a given cell 



Dr Mohammed Radhi                                                                     Karama.T.Altaee  
M.Sc. Medical Microbiology                                                         M.Sc. Medical Microbiology 
PhD. Molecular Microbiology.UK 
 

 4 

type divides. Cocci can divide in many planes to form pairs (diplococci) 

(Streptococcus pneumonia) , chains (streptococci), packets (sarcinae), or clusters 

( micrococci or staphylococci ). Bacilli divide only in the transverse plan. If they 

remain attached, they form pairs, chains, or palisades arrangements.  

  

Figure 1: shapes and arraignments of bacterial cells. 
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Cell wall 

organisms, the bacterial cell wall provides structural integrity to the cell. 

In prokaryotes, the primary function of the cell wall is to protect the cell from 

internal turgor pressure caused by the much higher concentrations of proteins and 

other molecules inside the cell compared to its external environment. The 

bacterial cell wall differs from that of all other organisms by the presence 

of peptidoglycan which is located immediately outside of the cytoplasmic 

membrane. Peptidoglycan is made up of a polysaccharide backbone consisting of 

alternating N-Acetylmuramic acid (NAM) and N-acetylglucosamine (NAG) 

residues in equal amounts. Peptidoglycan is responsible for the rigidity of the 

bacterial cell wall and for the determination of cell shape. It is relatively porous 

and is not considered to be a permeability barrier for small substrates. While most 

of bacterial cell walls contain peptidoglycan, not all cell walls have the same 

overall structures. There are two main types of bacterial cell walls, those of gram-

positive bacteria and those of gram-negative bacteria, which are differentiated by 

their Gram staining characteristics.  

  

Figure.2 . Peptidoglycan structure 
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The gram-positive cell wall 

Gram-positive cell walls (Its bacteria stained as purple colour) are thick and 

the peptidoglycan layer constitutes almost 95% of the cell wall in some gram-

positive bacteria. It also contains teichoic acid directly attached to the 

peptidoglycan and lipoteichoic acidic. There are two main types of teichoic acid: 

ribitol teichoic acids and glycerol teichoic acids. The latter one is more 

widespread. These acids are polymers of ribitol phosphate and glycerol 

phosphate, respectively, and only located on the surface of many gram-positive 

bacteria. However, the exact function of teichoic acid is debated and not fully 

understood. A major component of the gram-positive cell wall is lipoteichoic 

acid. One of its purposes is providing an antigenic function. The cell wall of 

gram-positive bacteria is often pressed tightly against the cell membrane with 

very little space between them (Fig.3).  

 

The Gram-negative cell wall  

Gram-negative cell walls are thin, and unlike the gram-positive cell walls, they 

composed of an outer membrane (OM) and a thinner shell of peptidoglycan layer 

adjacent to the cytoplasmic membrane. Gram-negative bacteria are stained as 

pink colour. The outer membrane contains a unique component, 

lipopolysaccharide (LPS) in addition to proteins and phospholipids. 

The chemical structure of lipopolysaccharides is often unique to specific bacterial 

sub-species and is responsible for many of antigenic properties of these strains. 

Lipopolysaccharides, also called (endotoxins), are composed of polysaccharides 

and lipid A which are responsible for much of the toxicity of Gram-negative 

bacteria. The  lipopolysaccarides are embedded in the membrane(Fig.3). 
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Non typical cell wall 

Mycobacterium and Nocardia contain peptidoglycan and stain gram-

positive, but  their cell wall is composed of unique types of lipids.   

One of these is very long 

chain fatty acid called mycolic acid, or cord factor, that contributes to the 

pathogenicity of this group. 

Mycoplasmas are bacteria that naturally lack a cell wall. Its cell 

membrane contains sterols that make it resistant to lysis. 

 

Plasma membrane The plasma membrane or bacterial cytoplasmic membrane 

is composed of a phospholipid bilayer. The General functions of a cell membrane 

are acting as a permeability barrier for most molecules and serving as the 

location for the transport of molecules into the cell and energy conservation . 

However, channels called porins are present in the outer membrane that allow for 

passive transport of many ions, sugars and amino acids across the outer 

membrane. These molecules are therefore present in the periplasm, the region 

between the cytoplasmic and outer membranes.  

Figure.3 . Gram positive and gram negative cell wall structures 
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Cell Extensions and Surface Structures  

Bacteria often have accessory appendages sprouting from their surfaces. 

Appendages can be divided into two major groups: those that provide motility 

(flagella and axial fi laments) and those that provide attachments or channels 

(fimbriae and pili).  

Flagella—Bacterial Propellers  

The prokaryotic flagellum is provide the power of motility or self-propulsion. 

This allows a cell to swim freely through an aqueous habitat. The bacterial 

flagellum when viewed under high magnification displays three distinct parts: the 

filament, the hook (sheath), and the basal body.  

Flagella vary both in number and arrangement according to two general 

patterns(Fig 4):  

(A) In a polar arrangement, the flagella are attached at one or both ends of the 

cell.  

Three subtypes of this pattern are:  

1-monotrichous * with a single flagellum. 

2- amphitrichous * with flagella at both poles of the cell.  

3- lophotrichous * with small bunches or tufts of flagella emerging from the 

same site.  

(B) In a peritrichous * arrangement, flagella are dispersed randomly over the 

surface of the cell. The presence of motility is one piece of information used in 

the laboratory identification of various groups of bacteria. Special stains or 

electron microscope preparations must be used to see arrangement, because 

flagella are too minute to be seen in live preparations with a light microscope.  
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Fimbriae and Pili  

The structures termed fimbria and pilus both refer to bacterial surface 

appendages that are involved in interactions with other cells but do not provide 

locomotion, except for some specialized pili.  

Fimbriae are small, bristle like fibers emerging from the surface of many 

bacterial cells . Compose of protein. Fimbriae have an inherent tendency to stick 

to each other and to surfaces. They may be responsible for the mutual clinging of 

cells that leads to biofilms and other thick aggregates of cells on the surface of 

liquids and for the microbial colonization of inanimate solids such as, teeth, rocks 

and glass. Some pathogens can colonize and infect host tissues because of a tight 

adhesion between their fimbriae and epithelial cells . For example, the 

gonococcus (agent of gonorrhea) colonizes the genitourinary tract, and 

Escherichia coli colonizes the intestine by this means.  

 

Pilus (also called a sex pilus ) is an elongate, rigid tubular structure made of a 

special protein, pilin . So far, true pili have been found only on gram-negative 

bacteria, where they are utilized primarily in conjugation which involves a 

transfer of DNA from one cell to another A pilus from a donor cell unites with a 

recipient cell, thereby providing a connection for making the transfer (Fig 5).  

Figure 4. Flagella types. 
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Fig.5.Three bacteria in the process of conjugating  

 

Biofilms:- A biofilm comprises any syntrophic consortium of microorganisms in 

which cells stick to each other and often also to a surface. These adherent cells 

become embedded within a slimy extracellular matrix that is composed 

of extracellular polymeric substances (EPS). The cells within the biofilm produce 

the EPS components, which are typically a polymeric conglomeration of 

extracellular polysaccharides, proteins, lipids and DNA. 

  

Figure 6. Biofilm 
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Biofilms may form on living or non-living surfaces and can be prevalent in 

natural, industrial and hospital settings (Fig.7). The microbial cells growing in a 

biofilm are physiologically distinct from planktonic  cells of the same organism, 

( single-cells that may float or swim in a liquid medium).  Biofilms can form on 

the teeth of most animals as dental plaque, where they may cause tooth 

decay and gum disease. 

 

 

 

 

 

 

 

 

 

 

 

 

Glycocalyx (slime layer) 

The glycocalyx is a loose shield of  polysaccharide coating that covers the outer 

surface of many bacteria, protects them from dehydration and loss of 

nutrients  and allows bacteria to adhere firmly to the various structures, e.g. oral 

mucosa, teeth, heart, and catheters, and contribute to the formation of biofilms. 

Capsule 

An amorphous, gelatinous layer (usually more substantial than the glycocalyx) 

surrounds the entire bacterium. It composed of polysaccharides and sometimes 

proteins. The sugar components of the polysaccharides vary in different bacterial 

and frequently determine the serological type within a species.  

Figure 7. Five stages of biofilm development 
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Contents of the Cell Cytoplasm (Fig.8) 

Bacterial Chromosomes and Plasmids:  

The hereditary material of most bacteria exists in the form of a single circular 

strand of DNA designated as the bacterial chromosome. By definition, bacteria 

do not have a true nucleus. Their DNA is not enclosed by a nuclear membrane 

but instead is aggregated in a central area of the cell called the nucleoid. The 

chromosome is actually an extremely long molecule of DNA that is tightly coiled 

to fit inside the cell compartment. Arranged along its length are genetic units 

(about 2000 genes) that carry information required for bacterial maintenance and 

growth. many bacteria contain other, nonessential pieces of DNA called 

plasmids.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plasmids 

 A plasmid is a small  DNA molecule within a cell that is physically separated 

from a chromosomal DNA and can replicate independently. They are most 

Figure 8. 3D structure of the bacterial cell. 
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commonly found as small circular, double-stranded DNA molecules in bacteria; 

however, plasmids are sometimes present in archaea and eukaryotic organisms. 

In nature, plasmids often carry genes that may benefit the survival of the 

organism, for example antibiotic resistance. 

Ribosomes: Sites of Protein Synthesis  

A bacterial cell contains thousands of ribosomes, which are made of RNA and 

protein., ribosomes show up as fine, spherical specks dispersed throughout the 

cytoplasm that often occur in chains (polysomes). Many are also attached to the 

cell membrane. Chemically, a ribosome is a combination of a special type of RNA 

called ribosomal RNA, or rRNA (about 60%), and protein (40%). They fit 

together to form factory” where protein synthesis occurs. 

Inclusions, or Granules: Storage Bodies 

Inclusion bodies, sometimes called elementary bodies, 

are nuclear or cytoplasmic aggregates of stable substances, usually proteins.  

Some inclusion bodies contain condensed, energy-rich organic substances, such 

as glycogen and poly b-hydroxybutyrate (PHB), within special single-layered 

membranes. Other called granules, contain crystals of inorganic compounds and 

are not enclosed by membranes.  

 

Bacterial Endospores:  

Resistant Life Form  

An endospore is a dormant, tough, and non-reproductive structure produced by 

certain bacteria for withstanding hostile conditions and facilitating survival. (e.g. 

endospores produced by Bacillus, Clostridium). These bacteria have a two-phase 

life cycle that shifts between a vegetative cell and an endospore. The vegetative 

cell is the metabolically active and growing phase. When exposed to certain 

environmental signals, it forms an endospore by a process termed sporulation. 

The spore exists in an inert, resting condition that is capable of high resistance 
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and very long-term survival. The spore contains bacterial DNA, a small amount 

cytoplasm, cell membrane, peptidoglycan, very little water and a thick keratin 

like coat. This coat is remarkably resistant to heat, dehydration, radiation and 

chemicals. Once formed, the spore is metabolically inert, and can remain dormant 

for many years. Bacterial endospores can called either terminal or subterminal 

spores depending on their position inside the bacterial cell. When appropriate 

conditions supervene (e.g. water, nutrients), there is enzymatic degradation of the 

coat, and the spore transforms into a metabolizing, reproducing bacterial cell once 

again (Fig.9).  

 

Medical Significance of Bacterial Spores  

The clinical lies in their extraordinary resistance to heat and chemicals. Because 

of this, sterilization cannot be easily achieved by boiling; other more efficacious 

methods of sterilization, such as steam under pressure (autoclaving), are required 

to ensure the sterility of products used for medical surgical or microbiological 

purposes.   

 

 

 

 

Fig.9
. 


