
Microbiology practical – Enterobacteriaceae, Campylobacter, Helicobacter 

 

Practical - Enterobacteriaceae

 Enterobacteriaceae – characteristic, structure, types of diseases, 

 Microscopy – E. coli - Gram,
 capsule detection - K. pneumoniae – Burri

 Cultivation – E. coli and K.pneumoniae on blood agar and Endo agar -
 P. mirabilis – Rauss fenomenon – motility

 Biochemical properties - Enterotests, - E. coli, Kl. Pneumoniae, P.
vulgaris., - biochemical diagnostic cultivation medium

-TSI agar (Hajn)

 Serology – antigenic structure detection of unknown strain polyvalent
and monovalent sera – slide agglutination

 Campylobacter, Helicobacter

 

G- rods
 1) Facultatively anaerobic :                            

Enterobacteriaceae - E. coli, Salmonella, Schigella, 
Enterobacter, Citrobacter, Serratia, Klebsiella, Proteus, Morganella, 
Providencia

 Widest and most heterogenous group of medically important bacteria

 27 genus, 102 species (95% medically important ones belong to 25 
species) - differentiation based on DNA homology, biochemical
properties, antigen characteristics, ATB susceptibility

 Commonly present in nature (soil, water, plants), part of physiological
flora of colon. 

 Obligatory pathogenic (Yersinia pestis, salmonella, schigella) 
oportunistic pathogens (Klebsiella, E. coli, Proteus)

 Transmission from annimals (Salmonella), from human carrier (S. 
typhi), endogenous infection (E.coli)

Enterobacteriaceae

 

 

The family Enterobacteriaceae is the largest, most heterogeneous collection of medically 
important gram-negative rods. More than 40 genera and hundreds of species and subspecies 
have been described. These genera have been classified based on biochemical properties, 
antigenic structure, DNA-DNA hybridization, and 16S rRNA sequencing. Despite the complexity 
of this family, relatively few species are responsible for most human infections  
Enterobacteriaceae are ubiquitous organisms, found worldwide in soil, water, and vegetation, 
and are part of the normal intestinal flora of most animals, including humans. These bacteria 
cause a variety of human diseases, including 30% to 35% of all bacteremias, more than 70% of 
urinary tract infections (UTIs), and many intestinal infections.  
 



Some organisms (e.g., Salmonella serotype Typhi, Shigella species, Yersinia pestis) are always 
associated with human disease, whereas others (e.g., Escherichia coli, Klebsiella pneumoniae, 
and Proteus mirabilis) are members of the normal commensal flora that can cause 
opportunistic infections. A third group of Enterobacteriaceae exists-those normally 
commensal organisms that become pathogenic when they acquire virulence factor genes on 
plasmids, bacteriophages, or pathogenicity islands (e.g., E. coli associated with 
gastroenteritis). Infections with the Enterobacteriaceae can originate from an animal reservoir 
(e.g., most Salmonella species, Yersinia species), from a human carrier (e.g., Shigella species, 
Salmonella serotype Typhi), or through the endogenous spread of organisms in a susceptible 
patient (e.g., E. coli) and can involve virtually all body sites  
 

Enterobacteriace - Physiology and 
structure

G-rods, usually motile (flagella)- besides
Klebsiella, non spore -forming, facultative
anaerobe,   poor nutrition requirements, 
biochemical active,     

 catalase +, 

 cytochromoxidase COX negat = 
dif.dg.from other G - rods

 Fermentation of lactose + or –
(patogenic Salmonella, Shigella, 
Yersinia, a Proteus are lactose
negative), capsule (Klebsiella) 

 3 groups of antigens:

 - somatic O antigen – most important
antigen of cell wall, heat resistant, part 
of LPS – composed of 3 parts - O 
polysachride, core polysacharide and 
lipid A – with endotoxin activity

 - capsular K antigen – heat
susceptible, In Salmonella typhi known
as  Vi antigen. 

 - flagellar H antigen -
termosusceptible, 

 

Members of the Enterobacteriaceae family are moderately sized (0.3 to 1.0 × 1.0 to 6.0 μm) 
gram-negative rods (Figure 30-2). They share a common antigen (enterobacterial common 
antigen), are either motile with peritrichous flagella (uniformly distributed over cell) or 
nonmotile and do not form spores. All members can grow rapidly, aerobically and 
anaerobically (facultative anaerobes), on a variety of nonselective (e.g., blood agar) and 
selective (e.g., MacConkey agar) media. The Enterobacteriaceae have simple nutritional 
requirements.  
The heat-stable lipopolysaccharide (LPS) is the major cell wall antigen and consists of three 
components: the outermost somatic O polysaccharide, a core polysaccharide common to all 
Enterobacteriaceae (enterobacterial common antigen), and lipid A . The core polysaccharide 
is important for classifying an organism as a member of the Enterobacteriaceae; the O 
polysaccharide is important for the epidemiologic classification of strains within a species; and 
the lipid A component of LPS is responsible for endotoxin activity, an important virulence 
factor.  
 
 

  



Escherichia coli is the most common and important member of the genus Escherichia. This 
organism is associated with a variety of diseases, including gastroenteritis and extraintestinal 
infections such as urinary tract infections (UTIs), meningitis, and sepsis. A multitude of strains 
are capable of causing disease, with some serotypes associated with greater virulence (e.g., E. 
coli O157 is the most common cause of hemorrhagic colitis).  
 

E. coli - infections

hemolytic uremic sy – EHEC – O:157, H:7
 

The strains of E. coli that cause gastroenteritis are subdivided into five major groups: 
enterotoxigenic (ETEC), enteropathogenic (EPEC), enteroaggregative (EAEC), 
enterohemorrhagic (EHEC), and enteroinvasive (EIEC)). The first three groups primarily cause 
a secretory diarrhea involving the small intestine, and the last two groups primarily involve the 
large intestine.  
Disease caused by enterotoxigenic E. coli is seen most commonly in developing countries (an 
estimated 650 million cases per year), although almost 80,000 cases are estimated to occur 
annually in travelers from the United States, and disease is endemic in Native American 
populations. Infections are observed most commonly in either young children in developing 
countries or travelers to these areas.  
The inoculum for disease is high, so infections are primarily acquired through consumption of 
fecally contaminated food or water. Person-to-person spread does not occur.  
Secretory diarrhea caused by ETEC develops after a 1- to 2-day incubation period and persists 
for an average of 3 to 5 days. The symptoms (watery diarrhea and abdominal cramps; nausea 
and vomiting are less commonly observed) are similar to those of cholera but are usually 
milder, particularly in adults. Neither histologic changes of the intestinal mucosa nor 
inflammation is observed.  
Enteropathogenic E. coli was the first E. coli associated with diarrheal disease and remains a 
major cause of infant diarrhea in impoverished countries. Disease is uncommon in developed 
countries, except in rare outbreaks in daycare nurseries, and is rare in older children and 
adults, presumably because they have developed protective immunity. In contrast with ETEC 
disease, person-to-person spread occurs with EPEC, so the infectious dose is likely to be low. 
Disease is characterized by watery diarrhea that may be severe and protracted. Fever and 
vomiting may also be present.  
Enteroaggregative E. coli strains have been implicated as a cause of persistent watery diarrhea 
with dehydration in infants in developing countries and in travelers to these countries. 



Enterohemorrhagic E. coli are the most common strains producing disease in developed 
countries. EHEC disease is most common in the warm months, and the highest incidence is in 
children younger than 5 years. Most infections are attributed to the consumption of 
undercooked ground beef or other meat products, water, unpasteurized milk or fruit juices 
(e.g., cider made from apples contaminated with feces from cattle), uncooked vegetables such 
as spinach, and fruits. The ingestion of fewer than 100 bacteria can produce disease, and 
person-to-person spread occurs. Disease caused by EHEC ranges from mild, uncomplicated 
diarrhea to hemorrhagic colitis with severe abdominal pain and bloody diarrhea.  
Hemolytic uremic syndrome (HUS), a disorder characterized by acute renal failure, 
thrombocytopenia, and microangiopathic hemolytic anemia, is a complication in 5% to 10% of 
infected children younger than 10 years. Resolution of symptoms occurs in uncomplicated 
disease after 4 to 10 days in most untreated patients; however, death can occur in 3% to 5% 
of patients with HUS, and severe sequelae (e.g., renal impairment, hypertension, CNS 
manifestations) can occur in as many as 30% of HUS patients 
 

E. coli - infections

 URINARY TRACT 
INFECTION 

 NEONATAL 
MENINGITIS 

 SEPTICEMIA

 

UTI - Most gram-negative rods that produce UTIs originate in the colon, contaminate the 
urethra, ascend into the bladder, and may migrate to the kidney or prostate. Although most 
strains of E. coli can produce UTIs, disease is more common with certain specific serogroups. 
These bacteria are particularly virulent because of their ability to produce adhesins (primarily  
pili), which bind to cells lining the bladder and upper urinary tract (preventing the elimination 
of the bacteria in voided urine) 
MENINGITIS - E. coli and group B streptococci cause the majority of CNS infections in infants 
younger than 1 month. Approximately 75% of the E. coli strains possess the K1 capsular 
antigen. This serogroup is also commonly present in the gastrointestinal tracts of pregnant 
women and newborn infants. However, the reason this serogroup has a predilection for 
causing disease in newborns is not understood.  
 SEPTICEMIA - Typically, septicemia caused by gram-negative rods such as E. coli originates 
from infections in the urinary or gastrointestinal tract (e.g., intestinal perforation leading to an 
intraabdominal infection). The mortality associated with E. coli septicemia is high for patients 
in whom immunity is compromised or the primary infection is in the abdomen or central 
nervous system (CNS).  
 



Klebsiella sp.

Encapsulated – mucous colonies, increased
virulence, non motile

Klebsiella pneumoniae –

- pneumonia (necrotic destruction of alveolar

spaces, bloody sputum).  

- Infections of wounds, soft tissues and 

urinary tract.

K. rhinoscleromatis - scleroma

K. ozaenae – atrofic disease of nasal
epitelium

 

Members of the genus Klebsiella have a prominent capsule that is responsible for the mucoid 
appearance of isolated colonies and the enhanced virulence of the organisms in vivo. The most 
commonly isolated members of this genus are Klebsiella pneumoniae and Klebsiella oxytoca, 
which can cause community- or hospital-acquired primary lobar pneumonia. Pneumonia 
caused by Klebsiella species frequently involves the necrotic destruction of alveolar spaces, 
formation of cavities, and the production of blood-tinged sputum. These bacteria also cause 
wound, soft tissue, and urinary tract infections.  
Members of the genus Klebsiella have a prominent capsule that is responsible for the mucoid 
appearance of isolated colonies and the enhanced virulence of the organisms in vivo. The most 
commonly isolated members of this genus are Klebsiella pneumoniae and Klebsiella oxytoca, 
which can cause community- or hospital-acquired primary lobar pneumonia. Pneumonia 
caused by Klebsiella species frequently involves the necrotic destruction of alveolar spaces, 
formation of cavities, and the production of blood-tinged sputum. These bacteria also cause 
wound, soft tissue, and urinary tract infections.  

Klebsiella rhinoscleromatic

Rhinoscleroma, or simply Scleroma

-a chronic granulomatous bacterial disease of 

the nose that can sometimes infect the URT. 

-It most commonly affects the nasal cavity , it 

can also affect the nasopharynx, larynx, trachea, 

and bronchi.

 

Two other Klebsiella species of clinical importance are Klebsiella rhinoscleromatis, cause of a 
granulomatous disease of the nose, and Klebsiella ozaenae, cause of chronic atrophic rhinitis. 
Both diseases are relatively uncommon in the United States.  



Proteus

 Motile G- rod, Rauss
phenomenon

 P. mirabilis, P. vulgaris –

 infections of urinary tract, 

 production of urease ( lysis of
urea,  alcalinisation, increased
possibility for calculli
formation, toxicity for
epitelium

 Proteus vulgaris

 

Infections of the urinary tract with Proteus mirabilis are the most common diseases produced 
by this genus. P. mirabilis produces large quantities of urease, which splits urea into carbon 
dioxide and ammonia. This process raises the urine pH, precipitating magnesium and calcium 
in the form of struvite and apatite crystals, respectively, and results in the formation of renal 
(kidney) stones. The increased alkalinity of the urine is also toxic to the uroepithelium. Proteus 
also produces as many as six different types of fimbriae, some of which are important for 
adherence to the uroepithelium.  
 

Salmonella

 

Salmonella can colonize virtually all animals, including poultry, reptiles, livestock, rodents, 
domestic animals, birds, and humans. Animal-to-animal spread and the use of feeds 
contaminated with Salmonella maintain an animal reservoir. Serotypes such as Salmonella 
Typhi and Salmonella Paratyphi are highly adapted to humans and do not cause disease in 
nonhuman hosts.  
After ingestion and passage through the stomach, salmonellae attach to the mucosa of the 
small intestine and invade into the M (microfold) cells located in Peyer patches, as well as into 
enterocytes. The bacteria remain in an endocytic vacuole, where they replicate. The bacteria 



can also be transported across the cytoplasm and released into the blood or lymphatic 
circulation.  
Gastroenteritis is the most common form of salmonellosis in the United States. Symptoms 
generally appear 6 to 48 hours after the consumption of contaminated food or water, with the 
initial presentation consisting of nausea, vomiting, and nonbloody diarrhea. Fever, abdominal 
cramps, myalgias, and headache are also common. Colonic involvement can be demonstrated 
in the acute form of the disease. Symptoms can persist from 2 days to 1 week before 
spontaneous resolution.  
  
Septicemia  
 
 All Salmonella species can cause bacteremia, although infections with Salmonella Typhi, 
Salmonella Paratyphi, and Salmonella Choleraesuis more commonly lead to a bacteremic 
phase. The risk for Salmonella bacteremia is higher in pediatric and geriatric patients and in 
immunocompromised patients (HIV infections, sickle-cell disease, and congenital 
immunodeficiencies). The clinical presentation of Salmonella bacteremia is like that of other 
gram-negative bacteremias; however, localized suppurative infections (e.g., osteomyelitis, 
endocarditis, arthritis) can occur in as many as 10% of patients.  
 

Shigella

 

The commonly used taxonomic classification of Shigella is simple, although technically 
incorrect. Four species consisting of more than 45 O antigen-based serogroups have been 
described: S. dysenteriae, Shigella flexneri, Shigella boydii, and Shigella sonnei.  
S. dysenteriae strains produce an exotoxin, Shiga toxin. This toxin has one A subunit and five 
B subunits. The B subunits bind to a host cell glycolipid and facilitate transfer of the A subunit 
into the cell. The primary manifestation of toxin activity is damage to the intestinal epithelium; 
however, in a small subset of patients, the Shiga toxin can mediate damage to the glomerular 
endothelial cells, resulting in renal failure (HUS).  
Shigellosis is transmitted person-to-person by the fecal-oral route, primarily by people with 
contaminated hands, and less commonly in water or food. Because as few as 100 to 200 
bacteria can establish disease, shigellosis spreads rapidly in communities where sanitary 
standards and the level of personal hygiene are low.  



Shigellosis is characterized by abdominal cramps, diarrhea, fever, and bloody stools. The 
clinical signs and symptoms of the disease appear 1 to 3 days after the bacteria are ingested. 
Shigella initially colonize the small intestine and begin to multiply within the first 12 hours. The 
first sign of infection (profuse, watery diarrhea without histologic evidence of mucosal 
invasion) is mediated by an enterotoxin. Cardinal feature of shigellosis is lower abdominal 
cramps and tenesmus (straining to defecate), with abundant pus and blood in the stool. It 
results from invasion of the colonic mucosa by the bacteria. Abundant neutrophils, 
erythrocytes, and mucus are found in the stool. Infection is generally self-limited, although 
antibiotic treatment is recommended to reduce the risk of secondary spread to family 
members and other contacts. Asymptomatic colonization of the organism in the colon 
develops in a small number of patients and represents a persistent reservoir for infection.  
 

MICROSCOPY

Gram-negative, rods, facultative anaerobic

Gram-negative, rods, facultative anaerobic

 

MICROSCOPY

BURRI – K. pneumoniae

Prepare the suspension : 

- bacteria+ink

- make a thin smear

- Dry on air and fix with heat

- Counterstain with carbol fuchsin (1-2min)

- rinse very carefully with water

- let dry on air and read with immersion

- Burri  s India ink method –results:

- The background will be dark. 

- The bacterial cells will be stained purple. 

- The capsule (if present) will appea rclear against the dark 

background

- Gram-negative, non-motile, encapsulated rod shaped bacterium

 

Klebsiella pneumonia is a Gram-negative, non-motile, encapsulated rod shaped 
bacteriumfound in the normal flora of the mouth, skin, and intestines. 
 
Most bacterial capsules are composed of polysaccharide however some genera produce 
polypeptide capsules. The polymers which make up the capsule tend to be uncharged and as 
such they are not easily stained. For this reason we use a negative stainto visualize them. That 
is, we use a stain which stains the background against which the uncolored capsule can be 
seen. 
Burri India ink method –results:The background will be dark. The bacterial cells will be stained 
purple. The capsule (if present) will appear clear against the dark background 
 
 

  



Blood Agar

Enteric organisms cultivated on blood agar usually reveal

large, 

smooth, 

shiny, 

circular, 

raised colonies which mayor may not be hemolytic or pigmented. 

Proteus often exhibit 

swarming.

 

Enteric organisms cultivated on blood agar usually reveal large, smooth, shiny, circular, raised 
colonies which mayor may not be hemolytic or pigmented. Proteus species often exhibit 
swarm.  
Escherichia coli cultivated on blood agar - colonies are without hemolysis but many strains 
isolated from infections are beta-hemolytic.  
Non-hemolytic (gamma-hemolytic), mucous colonies of Klebsiella pneumoniae on blood agar. 
Proteus mirabilis on blood agar -for most strains of P. mirabilis and P. vulgaris is typical their 
ability to swarm (RAUSS phenomenon) over the surfaces of solid cultivation media (the 
spreading growth covers other organisms in the culture and thus delays their isolation).  
 

RAUSS phenomenon

Proteus sp. on blood agar 

-for most strains of P. mirabilis and P. vulgaris is 

typical their ability to swarm (RAUSS phenomenon) 

over the surfaces of solid cultivation media 

(the spreading growth covers other organisms in the 

culture and thus delays their isolation). 

 

 

 

  



ENDO agar
 Endo Agar is a differential and slightly

selective culture medium
 for the detection of coliform and other enteric

microorganisms. 

 culture medium for the differentiation of
lactose fermenters from lactose non-

fermenters
 Inhibition of gram-positive microorganisms

achieved by the sodium sulfite and basic
fuchsin contained in the formulation. 

p

 

Endo agar is a differential and slightly selective culture medium for the detection of coliform 
and other enteric microorganisms. The selectivity of Endo agar is due to the sodium 
sulfite/basic fuchsin combination which results in the suppression of gram-positive 
microorganisms. Endo agar is culture medium for the differentiation of lactose fermenters 
from the non-fermenters. Coliforms ferment the lactose producing pink to rose-red colonies 
and similar coloration of the medium. The colonies of organisms which do not ferment lactose 
are colorless to faint pink against the pink background of the medium.  
 

ENDO agar

E. coli –

pink to rose-red, 

metallic          

Klebsiella- large, 

mucoid,

pink to rose-red            Shigella, Salmonella, Proteus   - colorless to pale pink

Gram-positive bacteria .............  no growth §§§!!!!  

 
 

 

  



Deoxycholate-citrate agar(DCA)

selective medium 

- isolation of enteric (G 
negative) pathogens 

- Differentiation of Salmonella
and Shigella species

- medium is selective for enteric 
pathogens ... increased 
concentrations of both citrate 
and deoxycholate salts. 

- Sodium deoxycholate and 
Citrate salts are inhibitory for 
Gram-positive bacteria. 

- Lactose - lactose fermenters 
produce red colonies 

- lactose non-fermenters 
produce colorless colonies

Salmonellamay produce H2S

– colorless colonies with black 
centers

negative

 

Deoxycholate Citrate Agar is a selective medium recommended for the isolation of enteric 
pathogens particularly Salmonella and Shigella species. This medium is selective for enteric 
pathogens owing to increased concentrations of both citrate and deoxycholate salts. Sodium 
deoxycholate at pH 7.3 to 7.5 is inhibitory for Gram-positive bacteria. Citrate salts, in the 
concentration included in the formulation, are inhibitory to gram-positive bacteria and most 
other normal intestinal organisms. Lactose helps in differentiating enteric bacilli, as lactose 
fermenters produce red colonies while lactose non-fermenters produce colorless colonies. 
Coliform bacteria, if present form pink colonies on this medium. The degradation of lactose 
causes acidification of the medium surrounding the relevant colonies and the pH indicator 
neutral red changes its color to red. Salmonella and Shigella species do not ferment lactose 
but Salmonella may produce H2S, forming colorless colonies with or without black centers 
 

Tests for biochemical 

properties and metabolic 

activity testing                                                                                  

Aim – final identification                                                                                    

Method – subcultivation on the series of 

testing diagnostic meida  

-liquid media – with chemical structure –

substrate and indicator, 

-solid media with biochemical – metabolic 

substrate and indicator 

-diagnostic disc with substrate, micromethods 

– liquid media with substrate and indicator in 

microwells                                                                   

Algorithm – of chosen procedures

 

 

 

  



TSI agar (Hajn)

The Triple Sugar
Iron or TSI

 to test 
microorganism's
ability to ferment 
sugars and to produce
H2S hydrogen sulfide.

 It is often used in the
selective identification
of enteric bacteria
including
Salmonella and Shigel
la. 

Test tube contains:

 agar

 pH-sensitive dye
(phenol red), 

 1% lactose, 1% 
sucrose, 0.1% 
glucose,

 Sodium thiosulfate
and ferrous sulfate

 

The Triple Sugar-Iron(TSI)agar test is designed to differentiate among the different groups or 
genera of the Enterobacteriaceae. To facilitate the observation of carbohydrate utilization 
patterns, TSI Agar contains three fermentative sugars, lactose and sucrose in 1% 
concentrations and glucose in 0.1% concentration. Due to the building of acid during 
fermentation, the pH falls. The acid base indicator (phenol red) is incorporated for detecting 
carbohydrate fermentation that is indicated by the change in color of the carbohydrate 
medium from orange red to yellow in the presence of acids. In case of oxidative 
decarboxylation of peptone, alkaline products are built and the pH rises. This is indicated by 
the change in color of the medium from orange red to deep red. Sodium thiosulfate and 
ferrous ammonium sulfate present in the medium detects the production of hydrogen sulfide. 
Sodium thiosulfate is reduced to hydrogen sulfide, and hydrogen sulfide reacts with an iron 
salt yielding the typical black iron sulfide. Ferric ammonium citrate is the hydrogen sulfide 
(H2S) indicator.  
Principle - Carbohydrate fermentation is indicated by the production of gas and a change in 
the color of the pH indicator from red to yellow. To facilitate the detection of organisms that 
only ferment glucose, the glucose concentration is one-tenth the concentration of lactose or 
sucrose. The acid production in the slant of the tube during glucose fermentation oxidizes 
rapidly, causing the medium to remain orange red or revert to an alkaline pH. In contrast, the 
acid reaction (yellow) is maintained in the butt of the tube since it is under lower oxygen 
tension. 
 

 

  



Urease test

 This test is used to identify bacteria capable of 
hydrolyzing urea using the enzyme urease.

 The hydrolysis of urea forms the weak base, 
ammonia, as one of its products. This weak base 
raises the pH of the media above 8.4 and the pH 
indicator, phenol red, turns from yellow to 
pink.

 Proteus mirabilis is a rapid hydrolyzer of urea
(center tube pictured here). 

 The tube on the far right was inoculated with a 
urease negative organism and 

 the tube on the left was uninoculated.

Helicobacter pylori
has urease activity that hydrolyse urea (making so 
a good environment– NH4 – for surviving in acidic
stomach

 

- Group of biochemical

- numeric identification based on statistical

probability of the result of one test 

- In the positive result the well is attributed

the number according to the position in the

triplet ( 1, 2 or 4) 

- Addition of numbers in triplet gives the

number and each result of the triplet gives a 

subsequent one position of the code that is the

combination of numbers of tested triplets. 

This code is corresponding to one bacteria

(526663 – Serratia marcescens)

 

The final identification of enterobacteriaceae studies the phenotypical demonstration of those 
biochemical properties, which are specific for the individual pathogens. Enterotest is a system 
that permits the differentiation of Enterobacteriaceae by several simultaneous biochemical 
reactions. Microorganisms are identified by color change after 18 -24 hours of incubation at 
35 ± 2°C (according to Color Scale for ENTERO - test 16).  
Group of biochemical tests aligned that they allow numeric identification based on statistical 
probability of the result of one test. In the positive result the well is attributed the 
cipheraccording to the position in the triplet (1, 2 or 4). Addition of ciphers in triplet gives the 
number and each result of the triplet gives a subsequent one position of the code that is the 
combination of numbers of tested triplets. This code is corresponding to one bacteria (526663 
–Serratia marcescens). For the identification use the differentiation table, or the Code book or 
the Identification programme. 
 

 

  



Serotyping (serological typing) is based on the long-standing observation that 

microorganisms from the same species can differ in the 

antigenic determinants expressed on the cell surface.

Serotyping is one of the classic tools for epidemiological study and is applied 

to numerous species that express different serotypes, such as: 

- Escherichia coli, 

- Salmonella species, 

- Shigella species, 

- Yersinia.

On slide – suspension with saline

1) Suspension + drop of polyvalent serum (antibodies against O antigens)

suspension + polyvalent 1,2,3       suspension + poly 4,5,6 

2) Suspenson + drop of monovalent serum (antibody against one O antigen)

suspension + mono 1 suspension + mono 2 suspension + mono 3   

Result – tested strain – O Ag type 1

 

Principle of Bacterial Serotyping Test 
Antigen-antibody complexes are formed when a bacterial culture is mixed with a specific 
antiserum directed against bacterial surface components (agglutination). The complexes are 
usually visible to the naked eye which allows for easy determination of O and H antigens by 
slide agglutination. After full serotyping of the Salmonella culture the name of the serotype 
can be determined by using the Kauffmann-White Scheme 
 
Slide Agglutination – Procedure 
The slide agglutination test is done on a glass slide and read with the naked eye in front of a 
light source against a black background. 
1.Add a small drop of antiserum on a glass slide and mix it with the Salmonella culture.  
2. Tilt the slide for 5 -10 seconds. 
3. A positive reaction is seen as visible agglutination, whereas a negative reaction is seen as 
homogeneous milky turbidity 
 

Typhoid fever

 Salmonella Typhi

https://www.bigshout.in/typhoid-fever-causes-symptoms-and-treatment/

https://carecover.in/typhoid-fever-symptom-causes-treatment-and-prevention/

 

 



Typhoid fever is caused by Salmonella typhi bacteria. Typhoid fever is rare in industrialized 
countries. However, it remains a serious health threat in the developing world, especially for 
children. 
Typhoid fever spreads through contaminated food and water or through close contact with 
someone who's infected. Signs and symptoms usually include a high fever, headache, 
abdominal pain, and either constipation or diarrhea. 
Most people with typhoid fever feel better within a few days of starting antibiotic treatment, 
although a small number of them may die of complications. Vaccines against typhoid fever are 
available, but they're only partially effective. Vaccines usually are reserved for those who may 
be exposed to the disease or are traveling to areas where typhoid fever is common. Two 
vaccines are available. 
One is injected in a single dose at least one week before travel and one is given orally in four 
capsules, with one capsule to be taken every other day. Neither vaccine is 100 percent 
effective, and both require repeat immunizations, as vaccine effectiveness diminishes over 
time. 
 
Even after treatment with antibiotics, a small number of people who recover from typhoid 
fever continue to harbor the bacteria in their intestinal tracts or gallbladders, often for years. 
These people, called chronic carriers, shed the bacteria in their feces and are capable of 
infecting others, although they no longer have signs or symptoms of the disease themselves. 
 

Widal reaction:

- specific reaction

- agglutination of typhoid bacilli when mixed with serum from a 

patient having typhoid fever –

- detects the presence of serum agglutinins (H and O) in patients

serum with typhoid

- patient’s serum is tested for O and H antibodies (agglutinins) 

against Salmonella antigens.

H – flagellar antigen

O – somatic antigen

The main principle of Widal test: 

if antibody is present in patients serum, it will react with antigen in the

reagent and gives visible agglutination in the tube. 

The titre :  is the highest dilution of the serum sample that 

gives a positive result –agglutination

- titers are expressed by the denominator only, 

!!!  for example 1: 256 is written 256  !!!

- demonstration of 4-fold rise between the two is diagnostic. 

- agglutinin starts appearing in serum by the end of 1st week

- with sharp rise in 2nd and 3rd week

- titre remains steady till 4th week after which it declines.
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Widal reaction is specific reaction consisting in agglutination of typhoid bacilli when mixed 
with serum from a patient having typhoid fever or other salmonella infection and constituting 
a test for the disease. Widal test is an agglutination test which detects the presence of serum 
agglutinins in patient  serum with typhoid and paratyphoid fever. When facilities for culturing 
are not available, the Widal test is the reliable and can be of value in the diagnosis of typhoid 
fevers in endemic areas. It was developed by Georges Ferdinand Widal in 1896.The patient’s 
serum is tested for O and H antibodies (agglutinins) against Salmonella antigens. The main 
principle of Widal test is that if homologous antibody is present in patient serum, it will react 
with antigen in the reagent and gives visible agglutination in the tube. The antigens used in 



the test are H and O antigens of Salmonella Typhi.The titre of the patient serum using Widal 
test antigen suspensions is the highest dilution of the serum sample that gives apositive result 
(Titers are expressed by the denominator only, for example 1:256 is written 256). The sample 
which shows the titre of 100 or more for O agglutinations and 200 or more for H agglutination 
should be considered as clinically significant (active infection). Demonstration of 4-fold rise 
between the two is diagnostic. H agglutination is more reliable than O agglutinin. Agglutinin 
starts appearing in serum by the end of 1st week with sharp rise in 2nd and 3rd week and the 
titre remains steady till 4th week after which it decline 
 

Campylobacter jejuni

 Campylobacter

 microaerophilic bacteria

 Campylobacter means
'spiral shaped bacteria' or 
'twisted bacteria'. 

 It is a gram-negative
bacteria with either
unipolar or bipolar flagella.

 

Campylobacter infections are zoonotic, with a variety of animals serving as reservoirs. Humans 
acquire the infections with C. jejuni and C. coli after consumption of contaminated food, milk, 
or water; contaminated poultry are responsible for more than half of the Campylobacter 
infections in developed countries. In contrast, C. upsaliensis infections are acquired primarily 
after contact with domestic dogs (either healthy carriers or pets with diarrheal disease). Food 
products that neutralize gastric acids (e.g., milk) effectively reduce  
Gastrointestinal infections with C. jejuni, present most commonly as acute enteritis with 
diarrhea, fever, and abdominal pain. Affected patients can have 10 or more bowel movements 
per day during the peak of disease, and stools may be bloody on gross examination. The 
disease is generally self-limited, although symptoms may last for a week or longer. The range 
of clinical manifestations includes colitis, abdominal pain mimicking acute appendicitis, and 
bacteremia. Chronic enteric infections may develop in immunocompromised patients (e.g., 
patients with AIDS) and be difficult to treat. 
 
C. jejuni gastrointestinal disease characteristically produces histologic damage to the mucosal 
surfaces of the jejunum (as implied by the name of the species), ileum, and colon. The mucosal 
surface appears ulcerated, edematous, and bloody, with crypt abscesses in the epithelial 
glands and infiltration of the lamina propria with neutrophils, mononuclear cells, and 
eosinophils. This inflammatory process is consistent with invasion of the organisms into the 
intestinal tissue. However, the precise roles of cytopathic toxins, enterotoxins, and endotoxic 
activity that have been detected in C. jejuni isolates have not been defined. For example, 
strains lacking enterotoxin activity are still fully virulent.  
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Campylobacter jejuni – lab diagnosis

 Detection of thin, "S-shaped," gram-negative rods in 
stool specimens is insensitive but specific

 Culture requires use of specialized media incubated
with reduced oxygen, increased carbon dioxide, and 
(for thermophilic species) elevated temperatures; 
requires incubation for 2 or more days

Treatment: 

Campylobacter gastroenteritis - typically a self-limited

Antibiotic therapy - severe infections or septicemia

Erythromycin or azithromycin are the antibiotics of 
choice

 

 

The genus Campylobacter consists of small (0.2 to 0.5 μm wide × 0.5 to 5.0 μm long), comma-
shaped, gram-negative rods that are motile by means of a polar flagellum.  
 
C. jejuni went unrecognized for many years because their isolation requires growth in a 
microaerophilic atmosphere (i.e., 5% to 7% oxygen, 5% to 10% carbon dioxide, and the 
balance nitrogen), at an elevated incubation temperature (i.e., 42° C), and on selective agar 
media.  
The appropriate atmosphere for growing campylobacters can be produced by commercial gas-
generator system that is added to incubation jar with  
the inoculated culture media.  
 
The selective media must contain blood or charcoal to remove toxic oxygen radicals, and 
antibiotics are added to inhibit the growth of contaminating organisms. Campylobacters are 
slow-growing organisms, usually requiring incubation for 48 to 72 hours or longer.  
A presumptive identification of isolates is based on growth under selective conditions, typical 
microscopic morphology, and positive oxidase and catalase tests.  
  
Antibody Detection - Serologic testing for IgM and IgG is useful for epidemiologic surveys but 
is not used for diagnosis in an individual patient.  
 
Campylobacter gastroenteritis is typically a self-limited infection managed by the replacement 
of lost fluids and electrolytes.  
Antibiotic therapy may be used in patients with severe infections or septicemia. 
Campylobacters are susceptible to a variety of antibiotics, including macrolides (i.e., 
erythromycin, azithromycin, and clarithromycin), tetracyclines, aminoglycosides, 



chloramphenicol, fluoroquinolones, clindamycin, amoxicillin/clavulanic acid, and imipenem. 
Most isolates are resistant to penicillins, cephalosporins, and sulfonamide antibiotics. 
Erythromycin or azithromycin are the antibiotics of choice for the treatment of enteritis, with 
tetracycline or fluoroquinolones used as secondary antibiotics. Resistance to fluoroquinolones 
has increased, so these drugs may be less effective. Amoxicillin/clavulanic acid can be used in 
place of tetracycline, which is contraindicated in young children. Systemic infections are 
treated with an aminoglycoside, chloramphenicol, or imipenem.  
  
Exposure to enteric campylobacters is prevented by the proper preparation of food 
(particularly poultry), avoidance of unpasteurized dairy products, and the implementation of 
safeguards to prevent the contamination of water supplies. It is unlikely that Campylobacter 
carriage in animal reservoirs such as chickens and turkeys will be eliminated, so the risk of 
infections from these sources remains.  
 

Helicobacter pylori

 gram negative, 

 microaerophilic, 

 curved bacillus. 

 It is motile, has flagellae

 affinity for human gastric mucosa

 ability to produce urease

 Helicobacter pylori - gastritis, peptic ulcers, gastric
adenocarcinoma, and gastric mucosa-associated
lymphoid tissue (MALT) B-cell lymphomas

 Helicobacter cinaedi and Helicobacter fennelliae -
proctitis, proctocolitis, or enteritis  

In 1983, spiral, gram-negative rods resembling campylobacters were found in patients with 
type B gastritis (chronic inflammation of the stomach antrum . 
The organisms were originally classified as Campylobacter but were subsequently reclassified 
as a new genus, Helicobacter.  
The bacteria Helicobacter pylori (a gastric helicobacter) have now been associated with 
gastritis, peptic ulcers, gastric adenocarcinoma, and gastric mucosa-associated lymphoid 
tissue (MALT) B-cell lymphomas .  
The intestinal tract of humans is colonized by other helicobacter species (i.e., enterohepatic 
helicobacters), including Helicobacter cinaedi and Helicobacter fennelliae, which have been 
isolated from homosexual men with proctitis, proctocolitis, or enteritis.  
 
All gastric helicobacters, including H. pylori, are highly motile (corkscrew motility) via polar 
flagella and produce an abundance of urease. These properties are believed to be important 
for survival in gastric acids and rapid movement through the viscous mucus layer towards a 
neutral pH environment. 
 



Humans are the primary reservoir for H. pylori, and colonization is believed to persist for life 
unless the host is specifically treated. Transmission is most likely via the fecal-oral route.  
The ulcers develop at the sites of intense inflammation, commonly involving the junction 
between the corpus and antrum (gastric ulcer) or the proximal duodenum (duodenal ulcer). 
H. pylori is responsible for 85% of gastric ulcers and 95% of duodenal ulcers. Recognition of 
the role of H. pylori has dramatically changed the treatment and prognosis of peptic ulcer 
disease.  
 

Urease test  -

presence of

Helicobacter pylori in 

tissue biopsy

material. 

- portion of tissue

biopsy material

directly into urease

broth. 

Microscopy of Gram-stained

smears – H. pylori

- curved gram-negative rods

- spiral morphology and 

flagellar motility assist in 

penetration into the viscous

mucus layer

H. pylori Ag Rapid Test 

detects antigen present in the 

feces by using specific 

antibodies, which indicates an 

active H. pylori infection.
 

Gastric endoscopy with biopsy is still one of the most widely used procedure for the diagnosis 
of H. pylori infection. 
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