
Bordetella, Corynebacterium

 

Bordetella pertussis
• The causative agent of whooping 

cough.
• Pertussis (whooping cough) was 

a very common childhood illness 
throughout the first half of the 
century. 

• Although immunizations caused 
a decline in cases

• Children younger than 6 months 
are at particular risk because 
protection is incomplete, even 
with vaccination.

 

Bordetella pertussis

• Lethal toxin

 

B. pertussis produces a variety of toxins, the five most important being invasive adenylate 

cyclase, lethal toxin (dermonecrotic toxin), tracheal cytotoxin, pertussis toxin (PTx).  

The invasive adenlyate cyclase is a localized toxin, which reduces phagocytic activity and helps 

the organism initiate infection. It also has a hemolytic activity, causing hemolytic zones around 

colonies growing on a blood agar. 

The adenylate cyclase toxin is active only in the presence of calmodulin, which up-regulates 

the activity of adenylate cyclase.  

The lethal toxin causes inflammation and local necrosis to nearby cells.  



The tracheal cytotoxin, a peptidoglycan fragment, kills ciliated cells of the trachea, and 

stimulates the release of cytokine IL-1, which causes fever.  

The PTx helps in adhesion with the assistance of another factor, filamentous hemagglutinin. It 

also acts to inhibit adenlyate cyclase, and so subsequently, the conversion of ATP to cAMP 

cannot be stopped and intracellular cAMP reach dangerous levels.  

This disrupts all sorts of cellular functions, and in the case of phagocytes, it decreases their 

phagocytic activities, such as chemotaxis, engulfment, oxidative burst, and bacteridicidal 

killing.  

 

Bordetella pertussis
• produces several adhesins:

• Filamentous hemagglutinin - allows the 
bacterium to adhere to galactose residues of 
the glycolipids on the membrane of ciliated 
epithelial cells of the respiratory tract. 

• Pertussis toxin also functions as an adhesin. 
One subunit of the pertussis toxin remains 
bound to the bacterial cell wall while another 
subunit binds to the glycolipids on the 
membrane of ciliated epithelial cells of the 
respiratory tract. 

• pertactin - that further enables the 
bacterium to adhere to cells

 

Filamentous haemagglutinins (agglutinogens) 

are not exotoxins but are filament-associated lipo-oligo-saccharides which are implicated in the 

binding of the organism to ciliated epithelial cells. Antibodies against these molecules are 

protective, probably by preventing bacterial attachment. 

Pertussis toxin is an oligopeptide AB-type exotoxin that is the major cause of pertussis 

(abnormal cough). It causes T cell lymphocytosis and has adjuvant properties. It also causes 

hypoglycemia, increased IgE synthesis, and increased histamine and endotoxin sensitivity. 

It also contributes to bacterial binding to ciliated epithelial cells and prevents the deactivation 

of adenylate cyclase. This results in the accumulation of large amounts of cAMP which leads 

to increased mucus secretion and interferes with many cellular functions. 

Bordetella pertussis
• Pertussis toxin 

• protein exotoxin, secreted during 
in vivo and in vitro growth;

• five different subunits, designated 
S1, S2, S3, S4, and S5. 

• A subunit - biologic activity 

• B subunit - binds the complex to 
the cell membrane. 

• pertussis toxin is capable of 
adherence

 

Functionally, PTX can be subdivided into two major components: 



 The A protomer, corresponding to the S1 subunit, expresses enzymatic activity, and the B 

oligomer, composed of subunits S2-S5, is responsible for the binding of PTX to its target-cell 

receptors. This toxin is, therefore, a member of the group of A-B toxins. 

Pertussis
• Pathogenesis:

• 1. Toxins mediated to paralyze cilia of 
respiratory epithelium
inflammation decrease clearing of 
secretion. 

• 2. Pertussis toxins (PT) causes 
immediate lymphocytosis by prevent 
migration from the circulating blood 
pool. 

• Severe and fatal pertussis has been 
correlated with degree of 
lymphocytosis, a manifestation of PT. 

 

Bordetella pertussis colonizes the cilia of the mammalian respiratory epithelium  

Adherence mechanisms of B. pertussis involve a "filamentous hemagglutinin" (FHA), which 

is a fimbrial-like structure on the bacterial surface, and cell-bound pertussis toxin (PTx). So 

pertussis is primarily a toxin-mediated disease.  

The bacteria 

Attach to the cilia of the respiratory epithelial cells 

Produce toxins that paralyze the cilia 

Cause inflammation of the respiratory tract, which interferes with the clearing of pulmonary 

secretions 

Until recently, scientists thought that B. pertussis did not invade the tissues,but some new 

studies suggest that the bacteria are present in alveolar macrophages. 

Pertussis

• Mode of transmission:
closed contact via 
respiratory secretion 
droplets

•
Incubation period: 6 - 20 
days (usually 7-10 days)

 

B. pertussis is transmitted mainly by airborne droplets from the respiratory mucous membranes 

of infected individuals. 

Pertussis is a very contagious disease only found in humans. Pertussis spreads from person to 

person. People with pertussis usually spread the disease to another person by coughing or 

sneezing or when spending a lot of time near one another where you share space. Many babies 

who get pertussis are infected by older siblings or parents who might not even know they have 

the disease. 



Infected people are most contagious up to about 2 weeks after the cough begins. Antibiotics 

may shorten the amount of time someone is contagious. 

Unprotected young infants are at highest risk of severe pertussis, but older children, adolescents 

and adults may also contract the disease (often in mild and atypical form) if they are not fully 

immunized. Exposure to pertussis is more frequent in developing countries. All infants, 

including those who are HIV-positive, should be immunized against pertussis. 

While pertussis vaccines are the most effective tool to prevent this disease, no vaccine is 100% 

effective. When pertussis circulates in the community, there is a chance that a fully vaccinated 

person, of any age, can catch this disease. 

Pertussis
• Clinical manifestation:

• Including 3 stages, which last about 2 weeks for each stage.

• 1. Catarrhal stage
- low grade fever 
- mild upper respiratory tract symptom, lacrimation, sneezing, conjunctival suffusion 
- contagious stage

• 2. Paroxysmal stage
- fever minimal or absent 
- cough begins first as a dry, intermittent, irritative hack and evolves into the 
inexorable paroxysmal 
- post - tussis exhaustion is universal, post-tussis emesis is common 

• 3. Convalescent stage
- Symptom wanes gradually, however with subsequent respiratory illnesses over 
several months, paroxysmal coughing can recur.

 

Whooping cough (pertussis) is a highly contagious respiratory tract infection. In many people, 

it's marked by a severe hacking cough followed by a high-pitched intake of breath that sounds 

like "whoop.„ 

 

After an incubation period of 1 to 2 weeks, whooping cough begins with the catarrhal phase. 

This stage is an upper respiratory disease with fever, malaise and coughing, which increases in 

intensity . As these symptoms mimic other upper respiratory tract infections, pertussis is rarely 

diagnosed at this stage unless there has been contact with an individual known to be infected. 

During this stage the organism can be recovered in large numbers from pharyngeal cultures, 

and the severity and duration of the disease can be reduced by antimicrobial treatment. At the 

end of the catarrhal phase, a leukocytosis with an absolute and relative lymphocytosis 

frequently begins, reaching its peak at paroxysmal stage.  

 

The second, paroxysmal or toxemic stage of pertussis follows relatively nonspecific symptoms 

of the colonizaton stage. It begins gradually with prolonged and paroxysmal coughing that often 

ends in  characteristic inspiratory gasp (whoop). These paroxysms of coughing are more 

common at night, are often followed by vomiting and may be severe enough to cause cyanosis. 

During the second stage, B. pertussis can rarely be recovered, and antimicrobial agents have no 

effect on the progress of the disease. This stage is mediated by a variety of soluble toxins. 

 

The convalescent phase, lasting 1 to 3 weeks, is characterized by a continuous decline ofthe 

cough. 

 

 

  



Microscopy

- aerobic
- very small
- Gram-negative coccobacillus

- appears singly or in pairs
- metabolism is respiratory, never 

fermentative

 

Bordetella pertussis is a small (approximately 0.8 μm by 0.4 μm), rod-shaped, coccoid, or ovoid 

Gram-negative bacterium that is encapsulated and does not produce spores.  

It is a strict aerobe. It is arranged singly or in small groups and is not easily distinguished from 

Haemophilus species. 

B. pertussis and B. parapertussis are nonmotile. 

 

Cultivation

Diagnostic tests
- Gold standard : positive culture from nasopharyngeal aspiration, 
- specific culture media (charcoal agar media )
- fresh Bordet -Gengou agar

Bordet-Gengou agar contains:
- blood
- potato extract – nitrogen and vitamins, absorbtion of fatty acids
present

in nasal secretions
- glycerol - carbon source
- antibiotic (cephalexin or penicillin)

AEROBIC cultivation, 35°C for a minimum of 7 days before being reported 
as negative (most isolates are detected in 2 to 4 days). 

Colonies are small, shiny and round. 

 

Bordetella pertussisis a slow-growing organism that requires specialized conditions for growth.  

It is the most fastidious species within the genus. The culture positivity is often highest during 

the first 2 weeks of illness, and cultures are seldom positive if cough has lasted more than 4 

weeks. 

Bordet Gengou Blood Agar is a solid medium recommended for use in qualitative procedures 

for the isolation of Bordetella pertussis and Bordetella parapertussis. Also used for the “cough 

plate” method in case of whooping cough. 

 Bordet Gengou Blood Agar contains potato infusion and glycerol to supply the nutrients 

necessary to support the growth of B. pertussis. Defibrinated animal blood supplies additional 

nutrients and enables the detection of hemolytic reactions, which aid in the identification of B. 

pertussis.   

Bordetella pertussis produces small, glistening colonies that resemble bisected pearls. The 

colonies are usually surrounded by a zone of hemolysis; however, some strains of B. pertussis 

are not hemolytic. 

B. parapertussis grows faster than B.pertussis and is oxidase negative. 



Charcoal Horse Blood Agar with cefalexin, beef extract, peptone, and nicotinic acid provide 

essential nutrients for the growth of Bordetella spp. Bordetella pertussis in particular, requires 

the addition of charcoal and horse blood(10%) to neutralize the growth-inhibiting effects.  

Plates are incubated in air without elevated carbon dioxide at 35°C for a minimum of 7 days 

before being reported as negative (most isolates are detected in 3 to 4 days) 

 

B. pertussis

• Other diagnostic tests are 

• direct testing of nasopharyngeal secretions by direct fluorescent antibody, 

• enzyme immunoassay (EIA) for anitbody against components of B.pertussis 

• polymerase chain reaction (PCR)

 

 

Pertussis can cause serious and potentially life-threatening complications in infants and young 

children who are not fully vaccinated. 

In infants younger than 12 months of age who get pertussis, more than half must be hospitalized. 

Hospitalization is most common in infants younger than 6 months of age. Refractory pulmonary 

hypertension is a common, severe complication that contributes to death  

Encephalopathy occurs in approximately 20% of cases  

Other complications can include anorexia, dehydration, difficulty sleeping, epistaxis, hernias, 

otitis media, and urinary incontinence. More severe complications can include pneumothorax, 

rectal prolapse, and subdural hematomas. Adolescents and adults can also develop 

complications from pertussis, but they are usually less severe in this older age group, especially 

in those who have been vaccinated. 

 

 

  



Therapy

 

Corynebacterium

• Laboratory diagnosis of. corynebacterium + ATB susceptibility test

• Lysogenic conversion

• Microscopy, C, diphtheria - Gram, Albert, C. pseudodiphthericum -
Gram

• Cultivation C. diphtheriae a C. pseudodiphthericum - Blood agar and  
tellurit medium

• Biochemical characteristics of C.diphtheriae a C. pseudodiphthericum 

• Toxigenicity of C. diphtheria - ELEK´s method and animal model 

 

The genus Corynebacterium consists of a diverse group of bacteria including animal and plant 

pathogens, as well as saprophytes.  

Some corynebacteria are part of the normal flora of humans, finding a suitable niche in virtually 

every anatomic site, especially the skin and nares. 

Corynebacteria are related phylogenetically to mycobacteria and actinomycetes. 

“Diphtheroids” or “coryneform” bacteria are recognized as causing opportunistic disease under 

specific circumstances, such as in patients who are immunocompromised, have prosthetic 

devices, or have been in hospitals/nursing homes for long-term periods of time. 

The best known and most widely studied species is Corynebacterium diphtheriae, the causal 

agent of the disease diphtheria.  

 C. pseudodiphteriae has been associated mainly with respiratory disease and less commonly 

with endocarditis, prostheses or wound infections or colonizations. Most of the respiratory 

disease occurred in immunosuppressed hosts. 

Other organisms such as C. ulcerans, C. pseudotuberculosis and C. xerosis may also be able to 

cause infection of the nasopharnyx and skin. 

 

 

  



 

 

Diphtheria
• is an upper respiratory tract illness 

• characterized by :

• sore throat

• low fever

• adherent membrane (called a pseudomembrane on the tonsils, pharynx, 
and/or nasal cavity. 

• Diphtheria toxin produced by C. diphtheriae, can cause myocarditis, 
polyneuritis, and other systemic toxic effects. 

• A milder form of diphtheria can be restricted to the skin 

 

Diphtheria is a contagious disease spread by direct physical contact or breathing aerosolized 

secretions of infected individuals.  

diphtheria has been eradicated in developed nations through use of the DPT vaccine. No 

bacterial disease of humans has been as successfully studied as diphtheria. Hippocrates 

provided the first clinical description of diphtheria in the 4th century B.C. There are also 

references to the disease in ancient Syria and Egypt.   

 

Diphtheria is described as "an upper respiratory tract illness characterized by sore throat, low-

grade fever, and an adherent membrane of the tonsil(s), pharynx, and/or nose,"  

The pathogenesis capabilities of diphtheria are dependent on its ability to colonize the 

nasopharyngeal cavity or skin and its ability to produce the diphtheria toxin. C. diphtheriae 

usually colonize a local lesion in the upper respiratory tract (although cutaneous diphtheria can 

occur as well) where the toxin secreted by the bacteria cases necrotic injury to epithelial cells.  

As a result, blood plasma leaks into the area and forms a fibrin network called a 

pseudomembrane, which is full of rapidly growing C. diphtheriae cells.  

At the site of the lesion the diphtheria toxin is absorbed and disseminated throughout the body 

via lymph channels. Most commonly affected areas include heart, muscle, peripheral nerves, 

adrenal glands, kidneys, liver, and spleen  

 

Pathogenicity of Corynebacterium diphtheriae

• includes two distinct phenomena: 

1. Invasion of the local tissues of the throat

2. Toxigenesis bacterial production of the toxin. 

 



 

Invasion of the local tissues of the throat, which requires colonization and subsequent bacterial 

proliferation. Little is known about the adherence mechanisms of C. diphtheriae, but the 

bacteria produce several types of pili. The diphtheria toxin, as well, may be involved in 

colonization of the throat. 

 

2. Toxigenesis: bacterial production of the toxin. The diphtheria toxin causes the death 

eucaryotic cells and tissues by inhibition protein synthesis in the cells. Although the toxin is 

responsible for the lethal symptoms of the disease, the virulence of C. diphtheriae cannot be 

attributed to toxigenicity alone, since a distinct invasive phase apparently precedes toxigenesis. 

However, it has not been ruled out that the diphtheria toxin plays an essential role in the 

colonization process due to short-range effects at the colonization site  

 

Toxigenicity - C. diphteriae

• Two factors :

• (1) low extracellular concentrations of iron

• (2) the presence of a lysogenic prophage in the bacterial 
chromosome. 

 

In artificial culture the most important factor controlling yield of the toxin is the concentration 

of inorganic iron (Fe++ or Fe+++) present in the culture medium.  

Toxin is synthesized in high yield only after the exogenous supply of iron has become exhausted 

(This has practical importance for the industrial production of toxin to make toxoid). 

Under the appropriate conditions of iron starvation, C. diphtheriae will synthesize diphtheria 

toxin as 5% of its total protein). Presumably, this phenomenon takes place in vivo as well. The 

bacterium may not produce maximal amounts of toxin until the iron supply in tissues of the 

upper respiratory tract has become depleted. The gene for toxin production occurs on the 

chromosome of the prophage, but a bacterial repressor protein controls the expression of this 

gene. The repressor is activated by iron, and it is in this way that iron influences toxin 

production. High yields of toxin are synthesized only by lysogenic bacteria under conditions of 

iron deficiency.  

 

The role of B-phage. Only those strains of Corynebacterium diphtheriae that are lysogenized 

by a specific Beta phage produce diphtheria toxin. A phage lytic cycle is not necessary for toxin 

production or release. The phage contains the structural gene for the toxin molecule. 

Possibly the toxin assists colonization of the throat (or skin) by killing epithelial cells or 

neutrophils.  

 

 

 



The Mechanism of action of Diphtheria 
toxin

 

The diphtheria toxin (DTx) is a two-component bacterial exotoxin synthesized as a single 

polypeptide chain containing an A (active) domain and a B (binding) domain. The toxin binds 

to a specific receptor (now known as the HB-EGF receptor) on susceptible cells and enters by 

receptor-mediated endocytosis. the A subunit is cleaved and released from the B subunit Once 

in the cytoplasm, the A fragment 

The diphtheria toxin works by causing the death of eukaryotic cells and tissues by inhibiting 

protein synthesis in the cells. Two key factors aid C. diphtheriae in the production of this 

systemic toxin: low extracellular concentrations of iron and the presence of a lysogenic 

prophage (talked about in detail in the phage section below). The role of iron in C. diphtheriae 

cultures is very dramatic, and it is assumed to play the same part in vivo as well. In iron depleted 

cultures C. diphtheriae will produce the diphtheria toxin as up to 5% of its total protein 

production. It has been found that the tox gene is regulated by a negative control. A repressor 

molecule, the product of the DtxR gene, is activated by iron. When activated, the repressor 

binds to the tox gene operator and prevents transcription.   

 

Lysogenic conversion

 

Strain of C. diphtheriae gains his toxigenicity by lysogenic conversion - thanks to bacterophage. 

Bacterial virus - bacteriophage is able to transfere genetic information about the production of 

toxin - tox gen - fom one cell ( toxigenic) to the other (non toxigenic)  C. diphtheriae cell. 

As mentioned, a lysogenic phage plays a key role in the pathogenicity of C. diphtheriae. The 

tox gene, the structural gene for the diphtheria toxins carried by a family of closely related 

corynebacteriophages, the most extensively studied being the Beta-phage (B-phage). 



Interestingly, a phage lytic cycle is not required for production of the diphtheria toxin. In other 

words, while in most cases the phage must insert its DNA into the chromosome of the bacterium 

it is infecting, this is not the case with the B-phage and C. diphtheriae. The phage maintains a 

lysogenic life cycle, and the diphtheria toxin protein is transcribed directly from the phage 

DNA.  

Zoonotic Corynebacteria
• The zoonotic agents Corynebacterium 

pseudotuberculosis (the cause of caseous 
lymphadenitis primarily in goats)

• C. ulcerans - pets (cats and dogs, sheep and 
goats)

 

The zoonotic agents Corynebacterium pseudotuberculosis (the cause of caseous lymphadenitis 

primarily in sheep and goats), transmitted to humans by contact with diseased animals and C. 

ulcerans, historically thought to cause disease in humans after contact with contaminated milk 

or farm animals, but more recently linked to transmission between humans and their companion 

pets such as cats and dogs, are also able to produce diphtheria toxin and cause diphtheria-like 

disease in humans.  

It is therefore recommended that those in frequent contact with animals (veterinarians, animal 

care technologists, or farm workers) ensure that they maintain adequate vaccine coverage 

against diphtheria.  

Lab. dg. of corynebacterium

• Diagnosis of the disease is based on clinical picture and epidemiological 
history. 

• Lab. dg. is long and complicated Appropriate sampling 

• Microscopy - smear with Gram staining and Albert´s staining does not 
distinguish between C. diphtheriae and other Corynebacteria.

• Cultivation: Blood  agar - 3 typs od colonies - mitis, gravis, intermedius, 
Loffler´s medium, tellurit medium brown colonies with halo

• Biochemical identification- differentiation from other corynebacteria 
present in throat

• toxigenicity of the strain - ELEK,

• ATB susceptibility

 

 

 

  



Microscopy

- G+rods
- aerobic
- nonmotile

- bacteria group together in a characteristic 
way - described as the form of :

- "V", „Y“
- "palisades"
- "Chinese letters".

 

Corynebacteria are Gram-positive,catalase positive, non-spore-forming, non-motile, rod-

shaped bacteria that are straight or slightly curved, with clubbed ends (from the Greek koryne, 

club).  

Corynebacteria are pleomorphic rods that occur in angular arrangements. 

They undergo snapping movements just after cell division, which brings them into 

characteristic forms resembling „Chinese-letters“or „palisades“.  

This is due to the incomplete separation of the daughter cells after binary fission.  

Their size falls between 2-6 micrometers in length and 0.5 micrometers in diameter. 

Corynebacteria do not form spores or branch as do the actinomycetes. 

 

Corynebacterium pseudodiphteriaeare pleiomorphic, Gram-positive rods, irregularly shaped, 

they are arranged as single cells, in pairs, in V forms, in palisades, or in clusters with Chinese-

letter appearance. 

Microscopy

Metachromatic staining:
-Stain aplied on fixed cell or tissue is of 
different color as is the result color

- Ernst Babes inclusions – metachromatic granules – volutine 
granules – phosphate molecules - Corynebacterium diphteriae

-Volutin – nucleoprotein complex – in cytoplasm of some 
bacteria, molds and  parasites in the forme of storage granules

ALBERT STAINING:

1. Fix smear

2. Apply Albert´s solution

3. Add Lugol solution

Bacteria are green (malachit green),  granuls are dark blue

 



Cultivation

Corynebacterium diphtheriae : 

blood agar - with or without beta-hemolysis. 

Tinsdale agar (TIN), Telurrite agar
- primary isolation and identification of 
Corynebacterium diphtheriae. 

- medium differentiates between C. diphtheriae
and diphtheroids found in the upper respiratory 
tract. 

- differentiation based on the ability of 
C. diphtheriae to produce black (or brown) 
colonies, surrounded by a brown/black halo. 

- dark halo is due to the production of H2S from 
cystine, interacting with the tellurite salt.

- Three strains of C. diphteriae: 
- gravis, 
- intermedius
- mitis  

The best method for isolating and cultivating Corynebacteria is to use sheep blood agar plus 

one selective medium as the primary plating media. Selective media commonly used are 

Cystine-Tellurite blood agar or Tinsdale medium. The plates should be ready after 18 to 24 

hours of incubation at 37 degrees Celsius in a 5% carbon dioxide-enriched atmosphere.  

The causative agent of diphtheria is an aerobe or a facultative anaerobe.  

The organism does not grow at temperatures below 15°C and above 40°C. The pH of medium 

is 7.2-7.6. 

Corynebacterium diphtheriae usually grows on media with blood with a weak beta-hemolysis 

(C.diphtheriae biotype mitis and gravis) or is nonhemolytic (biotype intermedius) 

 

Tellurite Blood Agar–in which 0.4% tellurite inhibits other bacteria, diphtheria bacilli reduce 

tellurite to metallic tellurium which is incorporated in the colonies giving them a grey or black 

colour(Fig. 73). 

 

Tinsdale agar(TIN) is used for the primary isolation and identification of Corynebacterium 

diphtheriae. The medium differentiates between C. diphtheriae and diphtheroids found in the 

upper respiratory tract. It contains L-cysteine and sodium thiosulfate that are H2S indicators.  

Potassium tellurite is the selective agent (inhibits most of the upper respiratory tract normal 

flora) that turns the media brown-black as a result from the reduction of potassium tellurite to 

metallic tellurite. 

This differentiation is based on the ability of C. diphtheriae to produce black (or brown) 

colonies, surrounded by a brown/black halo. The dark halo is due to the production of H2S from 

cystine, interacting with the tellurite salt (cystinase activity) 

 

There are three different strains of C. diphtheriae which are differentiated by the severity of the 

disease they cause in humans.  

The three strains are gravis, intermedius, and mitis (you can distinguish the severity of each 

strain based on its name).  

The difference in virulence of the three strains can be attributed to their relative abilities to 

manufacture the diphtheria toxin (in both rate and quantity), and their respective growth rates.  

The mitis strain has a generation time of about 180 minutes while the gravis strain has a 

generation time of about 60 minutes.  

This faster growth rate may allow colonies to deplete iron supplies in colonized areas faster, 

letting them produce toxin in greater quantities sooner.  



The faster growing strains typically produce a larger colony on most growth media. In the throat 

(in vivo), a faster growth rate may allow the organism to deplete the local iron supply more 

rapidly in the invaded tissues, thereby allowing earlier or greater production of the diphtheria 

toxin. Also, if the kinetics of toxin production follow the kinetics of bacterial growth, the faster 

growing variety would achieve an effective level of toxin before the slow growing varieties. 

Detection of toxin C. diphteriae

ELEK´s test – immunodiffusion, in vitro 
- suspension of tested strain and antidiphtheric

serum in agar 
- zone of precipitation

 

The Elek culture plate precipitin testis routinely used for the detection of exotoxin from 

toxigenic strains of Corynebacterium diphtheriae. The test for toxigenicity, which detects the 

potent exotoxin, a phage-encoded protein, is the most important test and should be done without 

delay on any suspect isolate that is found by routine screening or while investigating a possible 

case of diphtheria. The toxigenic species C. diphtheriae acquire this characteristic when 

infected by the family of β-phages or other families of corynephages.  

A filter paper strip impregnated with diphtheria antitoxin is buried just beneath the surface of a 

special agar plate before the agar hardens. Strains to be tested, known positive and negative 

toxigenic strains are streaked on the agar's surface in a line across the plate, and at a right angle 

to the antitoxin paper strip. After 24 hours of incubation at 37° C, plates areobserved for the 

presence of fine precipitin lines at a 45-degree angle to the streaks. The presence of precipitin 

lines indicated that the strain produced toxin that react with the antitoxin. 

 

Detection of toxin C. diphteriae

Annimal model, in vivo: 
- application of diphtheria toxin - necrosis
- antidiphtheric serum + toxin - no necrosis

 

 

 



Schick test

 

In 1913, Schick designed a skin test as a means of determining susceptibility or immunity to 

diphtheria in humans. Diphtheria toxin will cause an inflammatory reaction when very small 

amounts are injected intracutaneously. The Schick Test involves injecting a very small dose of 

the toxin under the skin of the forearm and evaluating the injection site after 48 hours. A positive 

test (inflammatory reaction) indicates susceptibility (nonimmunity). A negative test (no 

reaction) indicates immunity (antibody neutralizes toxin). 

 

ATB susceptibility

• Susceptibility of Corynebacterium –

• PNC, ERY - for elimination of bacteria

• therapy of diphtheria - primarily antitoxic

• Nondiphtheriae corynebactria - Vancomycin, (Cefalosporins
of the 1st generation)

• VACCINATION - DTP
 

Acquired immunity to diphtheria is due primarily to toxin-neutralizing antibody (antitoxin). 

Passive immunity in utero is acquired transplacentally and can last at most 1 or 2 years after 

birth. In areas where diphtheria is endemic and mass immunization is not practiced, most young 

children are highly susceptible to infection. Probably, active immunity can be produced by a 

mild or inapparent infection in infants who retain some maternal immunity, and in adults 

infected with strains of low virulence (inapparent infections).  

 

Because of the high degree of susceptibility of children, artificial immunization at an early age 

is universally advocated. Toxoid is given in 2 or 3 doses (1 month apart) for primary 

immunization at an age of 3 - 4 months. A booster injection should be given about a year later, 

and it is advisable to administer several booster injections during childhood. Usually, infants in 

the United States are immunized with a trivalent vaccine containing diphtheria toxoid, pertussis 

vaccine, and tetanus toxoid (DPT or DTaP vaccine).  

 

The relative absence of diphtheria in the United States is due primarily to the high level of 

appropriate immunization in children, and to an apparent reduction in toxin-producing strains 

of the bacterium. However, the increasing percentage of diphtheria cases in adults suggests that 

many adults may not be protected against diphtheria, because they have not received booster 

immunizations within the past ten years. A similar situation exists with tetanus.  

 


