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PREFACE

Enterobacteriaceae are the most frequently encountered bacteria’s in clinical samples.

The members of Enterobacteriaceae may be virtually incriminated in any type of infectious

disease and can be recovered from any specimens received in the laboratory. The lactose

fermenting Enterobacteriaceae include E. coli, Klebsiella pneumoniae, Cirtobacter freundii,

Cirtobacter koseri and Enterobacter species which evoke hospital acquired infection,

including Pseudomonas aerogenosa, Enterococcus and Staphylococcus aureus.

The serious problem of hospital acquired infection has become more increase in

multiplication of antibiotic resistance bacteria, since the early 1980s. Despite tremendous

progress in medical & Pharmaceutical fields, even today hospital acquired infection with

Enterobacteriaceae has become as troublesome as it is used to in the 2000s one of the reason

for this occurrence of multidrug resistance strains of Enterobacriaceae.

The various topics covered in the book are presented in a progression that ranges from

basic biology to clinical manifestations and also covers the antibiotic susceptibility of lactose

fermenting Enterobacteriaceae from different clinical samples. Early research on

Enterobacteriaceae during the last century was aimed at developing a vaccine to prevent its

many associated diseases, and in the process, provided much of the basic biology,

physiology, and immunology that has been essential for ongoing research. With the advent of

genetic and molecular biology approaches, as well as the new tools of genetic engineering,

DNA and protein sequencing, a new era of – omics appeared, including genomics,

proteomics, and metabolomics. Information from these studies has been applied to the

development of vaccines, understanding genetic regulation, and epidemiology.

Epidemiological studies have been important in defining these recent diseases, as well

as providing a greater understanding of their transmission, control, and prevention. Moreover,

a variety of model systems provide new information about mechanisms of pathogenesis, as

well as insights into intracellular invasion and the carrier state. Finally, the development of a



vaccine, as well as new and innovative methods of anti-infective control will be important

areas of continued research.

This book represents a concerted effort by a group of scientific researchers, each an

expert in their own area of work, who have generously provided their time and energy to

present the current status of work in their own field. We hope that this book will serve not

only as an important resource and standard reference, but also an aid to stimulate further

research that will lead to better methods of disease control and treatment.
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CHAPTER – I  
INTRODUCTION 

 

The family Enterobacteriaceae is the largest, most heterogeneous 

collection of medically important Gram negative bacilli. Currently at least            

27 genera with 7 enteric groups and more than 110 species have been 

described. Some of them (e.g., Escherichia coli, Klebsiella pneumoniae, Proteus 

vulgries) are the part of normal enteric microflora and can cause opportunistic 

infections, Salmonella, Shigella, Yersinia pestis are always pathogenic for 

humans. The enteric bacteria are gram negative rods, not forming spores, have a 

complex antigenic structure, are facultative anaerobes or aerobes, are motile by 

peritrichous flagella or non-motile, have simple nutritional requirements, ferment 

various carbohydrates, reduce nitrates to nitrites, and are oxidase negative. 

Escherichia coli (E. coli), a member of normal GI flora, is lactose and mannitol 

fermenting, gas producing, indole and lysine decarboxylase positive. 

Enteropathogenic E. coli (EPEC) which adheres to mucosal cells of the small 

bowel (adherence factors are encoded by genes on plasmids) causes watery 

diarrhea in infants. Well known EPEC strains are identified by O antigen slide 

agglutination. Also Enterotoxigenic E. coli (ETEC) adheres to the epithelial cells 

of the small bowel. It is a common cause of “travellers diarrhea” and diarrhea in 

infants when contaminates foods. Some strains produce heat-labile exotoxin 

(genes carried on plasmids) similar to enterotoxin of Vibrio cholerae (activates 

adenyl cyclase and increase of cAMP). Some ETEC strains produce heat-stable 

enterotoxin (plasmid encoding). Strains of Enterohemorrhagic E. coli (EHEC) 

produce verotoxin (similar to shigatoxin of Shigella dysenteriae) and cause 

severe diarrhea, hemorrhagic colitis. Clinical syndrome of diarrhea similar to 

shigellosis is caused by Entero invasive E. coli (EIEC), which invades intestinal 

mucosal cells. Acute or chronic diarrhea can be induced by Entero aggregative 

E. coli (EAEC). 
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Other than GI clinical syndromes caused by E. coli are frequent urinary 

tract infections (both E. coli and hemolytic E. coli), sepsis in immuno 

compromised patients and in newborns, meningitis especially in infants (E. coli 

strains with K1 antigen). 

Klebsiella pneumoniae and Klebsiella oxytoca cause mainly respiratory 

and urinary tract infections. Klebsiella species are not motile, perform large 

polysaccharide capsules (mucoid colonies), utilize citrate, and are lysin 

decarboxylase and urease positive. They are resistant to ampicillin.                   

Similar Enterobacter aergenes has smaller capsules, is motile, has similar 

biochemical activity except urease and is isolated from urinary and respiratory 

tract infections. It is resistant to cefalotin. Common etiologic agent of nosocomial 

infections is Serratia marcescens. It belongs to the most resistant species with 

the resistance to penicillin and aminoglycosides. Tests of DNase, lipase and 

gelatinase production are positive. 

The species of Proteus, Morganella and Providencia group are motile, 

swarming is especially characteristic for Proteus. All ferment lactose slowly or not 

at all, they are phenylalanine positive, Proteus and Morganella urease positive. 

Proteus mirabilis, Proteus vulgaris, Morganella morgani, Providencia rettgeri 

often cause urinary tract infections, contaminate wounds, belong to the agents 

causing nosocomial infections. Some strains may be resistant to various 

antibiotics. 

Citrobacter, similar to Salmonella, slowly ferments lactose. Tests for 

motility, utilization of citrate are positive, lysine decarboxylase negative. It is 

found in GI and urinary tract infections. 

Gram negative bacilli belonging to the family Enterobacteriaceae are the 

most frequently encountered bacterial isolates recovered from clinical 

specimens. The members of Enterobacteriaceae may be incriminated in virtually 
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any type of infectious disease and recovered from any specimens received in the 

laboratory. Immuno compromised patients are highly susceptible environmental 

strains or following invasive such as catheterization, bronchoscopy, colposcopy 

or surgical biopsies (Winn et. al., 2006). MacConkey agar is a commonly used 

primary plating medium in many clinical microbiology laboratories. However, 

manual and computer literature searches showed only a few past (MacConkey, 

1985, Koneman, 1983) and current (MacConkey, 1985, Taylor, 1949, Isenberg, 

1985) references dealing with specific interpretation of growth on this agar.  

Since this medium is so common, and because it can provide timely clues as to 

the identification of some Gram-negative bacilli, it behooves microbiologists to be 

efficient in interpreting colonial growth. Initial conjecture as to the possible 

identification of an organism can then be compared with the final identification 

and antimicrobial susceptibility results as part of a quality control process.               

Our main goal was to develop a means for facilitating accurate preliminary 

grouping of some common lactose fermenting Enterobacteriaceae. 

Enterobacteriaceae may account for 80% of clinical significant isolates of Gram 

negative bacilli and 50% of clinically significant bacteria in clinical microbiology. 

They account for nearly 50% of septicemia cases, more than 70% of UTI a 

significant percentage of intestinal infections (Murray, et. al., 2009) and some 

important pathogens like Klebsiella pneumonia are involved in hospital acquired 

infections (Shukla et. al., 2004). In some studies on critical illness patients in 

hospitals Enterobacteriaceae accounted for 24.6% of blood streams infections, 

48% cases of UTI and 14% of tracheal aspirates (Carvallo and Fillo, 2008). 

Some members of the Enterobacteriaceae family like Serratia and Citrobacter 

are emerging as significant pathogens (Rizvi et. al., 2009). In this study isolation 

and identification of lactose fermenting bacteria by using different types of gram 

negative bacilli is morphological, biochemical test used to identify. Mainly lactose 

fermenting organisms including E. coli, Klebsiella pneumoniae, Cirtobacter 

freundii, Cirtobacter koseri and Enterobacter species. 
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In the present study indicates the lactose fermenting Enterobacteriaceae 

and other many bacteria, which evoke hospital acquired infection, including             

E. coli, Pseudomonas aerogenosa and Enterococcus, Klebsiella and 

Staphylococcus aureus. The serious problem of hospital acquired infection has 

become more increase in multiplication of antibiotic resistance bacteria, since the 

early 1980s. Despite tremendous progress in Medical and Pharmaceutical fields, 

even today hospital acquired infection with Enterobacteriaceae has become as 

troublesome as it is used to in the 2000s one of the reason for this occurrence of 

multidrug resistance strains of Enterobacteriaceae. 

 Escherichia coli, the most prevalent facultative Gram negative bacillus in 

the human fecal flora, usually inhabit the colon as an innocuous commensal. 

According to the special pathogenicity theory, special properties enabling E. coli 

to overcome host defenses in a new environment are necessary in order for it to 

escape the limitations of the colonic mileu and move into new niches devoid of 

competition from other bacterial species. Virulence (from the Latin word for 

poisonous) is defined as the ability of organism to cause disease in a particular 

host. In E. coli, virulence results from the cumulative impact of one or several 

special properties, or virulence factors (VFs), which serve to distinguish potential 

pathogens from harmless intestinal strains. The practical goal of investigations 

into the virulence properties of any pathogen is the development of specific anti-

VF interventions (such as vaccines) to prevent infection. Urinary tract infection 

(UTI) is the most common form of extra intestinal E. coli infection, and E. coli is 

the most common cause of UTI. At some point during their lives, at least 12% of 

men and 10 to 20% of women experience an acute symptomatic UTI and an 

even greater number develops asymptomatic bacteriuria (ABU). More than 

100,000 patients are hospitalized annually in the United States because of renal 

infection, with its attendant risk of Gram-negative sepsis and death. In the past 

decade there has been a virtual explosion of information regarding the VFs of           

E. coli associated with UTI. 
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Human epidemiological studies can identify associations between certain 

bacterial properties and UTI, but direct assessment of the contribution to 

virulence of these properties requires the use of animal models. Here, selection 

of an appropriate animal model and of appropriate bacterial strains is crucial. 

Models involving non physiological manipulations of the urinary tract (renal 

trauma, ureteral ligation, direct intrarenal injection, etc.) or intravenous injection 

of bacteria do not faithfully reproduce human UTI (242). Human infection most 

commonly occurs in patients with anatomically and functionally normal urinary 

tracts and involves. 

Spontaneous ascent of bacteria from the urethra to the bladder and (in a 

minority of patients) to the kidney and bloodstream. The animal species used 

must have in common with humans those aspects of the urinary tract that are 

important in the function of the VFs being studied, e.g., cell surface receptors for 

adhesins. Comparisons of the virulence of wild-type strains that differ in the 

property of interest are the simplest way to study that property's contribution to 

virulence, but as in epidemiological studies in humans, this approach leaves 

unanswered the question of whether the property itself or associated factors are 

responsible for observed differences in virulence. Differences can be attributed to 

the property in question with greater confidence when strains that are genetically 

identical except for the factor of interest are compared. The more precise the 

methods used to derive such isogenic strains (e.g., site-directed mutagenesis), 

the greater the likelihood that the factor of interest is the only variable affecting 

virulence. Finally, mechanisms of action of possible VFs identified through 

epidemiological or animal studies are commonly determined in vitro at the 

cellular or sub cellular level. Such information often strengthens the case that a 

particular property plays a role in virulence and may suggest ways to interfere 

with its function. Some of the purported VFs of E. coli are discrete bacterial 

structures or products (e.g., fimbriae and hemolysin), in which case the 

laboratory is helpful in clarifying their functional significance. In contrast, other 
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VFs are functionally defined properties (e.g., serum resistance), in which case 

the laboratory is needed to determine the responsible bacterial structures or 

products. 

The Enterobacteriaceae is a large family of heterogeneous Gram-negative 

rods found primarily in the colon of humans and other animals, many as part of 

normal flora. The family includes many genera e.g. Esherichia, Klebsiella, 

Serratia, Proteus, Morganella, Providencia, etc. Many terms used for these 

organism; Enterobacteriaceae, enteric bacteria, enteric Gram-negative rods, and 

they are also called "coliforms". This family is divided into two groups on the 

basis of fermentation of lactose; lactose fermenters (pink colonies) and                    

non-lactose fermenters (colorless colonies); on MacConkey agar. Features that 

are common to all members of this family are their anatomic location and                  

the following four metabolic processes, they are facultative anaerobes,           

Ferment glucose (fermentation of other sugars varies), Oxidase negative, 

Reduce nitrates to nitrites.  

These four reactions can be used to distinguish the Enterobacteriaceae 

from another medically important group of organisms; the non-fermenting Gram-

negative rod the most important is Pseudomonas aeruginosa. 
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CHAPTER - II 
REVIEW OF THE LITERATURE  

 

2.1. Historical Background: 
        Enterobacteriaceae: 

The Enterobacteriaceae is a large family of Gram-negative bacteria that 

includes, along with many harmless symbionts, many of the more familiar 

pathogens, such as Salmonella, Escherichia coli, Yersinia pestis, Klebsiella and 

Shigella. Other disease-causing bacteria in this family include Proteus, 

Enterobacter, Serratia and Citrobacter. This family is the only representative in 

the order Enterobacteriales of the class Gammaproteobacteria in the phylum 

Proteobacteria (Garrity, 1984). Phylogenetically, in the Enterobacteriales, several 

peptidoglycan - less insect endosymbionts form a sister clade to the 

Enterobacteriaceae, but as they are not validly described, this group is not 

officially a taxon; examples of these species are Sodalis, Buchnera, 

Wigglesworthia, Baumannia and Blochmannia, but not formers rickettsias 

(Williams et. al., 2010). Members of the Enterobacteriaceae can be trivially 

referred to as enterobacteria, as several members live in the intestines of 

animals. In fact, the etymology of the family is enterobacterium with the suffix to 

designate a family (aceae) — not after the genus Enterobacter (which would be 

"Enterobacteraceae") - and the type genus is Escherichia. 

2.1.1 Characteristics 

Members of the Enterobacteriaceae are rod-shaped, and are typically               

1-5 μm in length. Like other proteobacteria, enterobacteria have Gram-negative 

stains and they are facultative anaerobes sugars to produce lactic acid, 

fermentingid and various other end products. Most also reduce nitrate to nitrite, 

although exceptions exist (e.g., Photorhabdus). Unlike most similar bacteria, 

enterobacteria generally lack cytochrome oxidase, although there are exceptions 
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(e.g., Plesiomonas shigelloides). Most have many flagella used to move about, 

but a few genera are non-motile. They are not spore-forming. Catalase reactions 

vary among Enterobacteriaceae. 

Many members of this family are a normal part of the gut flora found in the 

intestines of humans and other animals, while others are found in water or soil, or 

are parasites on a variety of different animals and plants. Escherichia coli is one 

of the most important model organisms, and its genetics and biochemistry have 

been closely studied. 

Most members of Enterobacteriaceae have peritrichous, type I fimbriae 

involved in the adhesion of the bacterial cells to their hosts. Some enterobacteria 

produce endotoxins. Endotoxins reside in the cell cytoplasm and are released 

when the cell dies and the cell wall disintegrates. Some members of the 

Enterobacteriaceae family produce a systemic infection into the blood stream 

when all the dead bacterial cells release their endotoxins. This is known as 

endotoxic shock, and can be rapidly fatal. 

Identification of Enterobacteriaceae: 

To identify different genera of Enterobacteriaceae, a microbiologist may 

run a series of tests in the lab. These include a range of tubes cultures and agar 

plates cultures such as: 

• Phenyl alanine agar for detection of production of deaminase, which converts 

phenylalanine to phenyl pyruvic acid  

• Methyl red or Voges-Proskauer tests depend on the digestion of glucose.            

The methyl red tests for acid end products. The Voges Proskauer tests for the 

production of acetylmethylcarbinol.  

• Catalase test on nutrient agar tests for the production of catalase enzyme, 

which splits hydrogen peroxide and releases oxygen gas.  
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• Oxidase test on nutrient agar tests for the production of the enzyme oxidase, 

which reacts with an aromatic amine to produce a purple color.  

• Nutrient gelatin tests to detect activity of the enzyme gelatinase.  

In a clinical setting, three species make up 80 to 95% all isolates 

identified. These are Escherichia coli, Klebsiella pneumoniae and Proteus 

mirabilis. 

2.1.2 Escherichia coli: 

"E. coli" redirects here. The protozoan parasite, Entamoeba coli. E. coli in 

medicine, pathogenic Escherichia coli, for a specific strain, Escherichia coli 

(disambiguation). Escherichia coli (molecular biology). 

Scientific classification 

Domain: Bacteria 

Kingdom: Eubacteria 

Phylum: Proteobacteria 

Class: Gammaproteobacteria 

Order: Enterobacteriales 

Family: Enterobacteriaceae 

Genus: Escherichia 

Species: E. coli 

Binomial name 

Escherichia coli 
(Migula, 1895) 

(Castellani and Chalmers, 1919) 

Synonyms 

Bacillus coli communis (Escherich, 1885) 
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Escherichia coli commonly abbreviated E. coli, is a Gram-negative,            

rod-shaped bacterium that is commonly found in the lower intestine of warm-

blooded organisms (endotherms). Most E. coli strains are harmless, but some 

serotypes can cause serious food poisoning in humans, and are occasionally 

responsible for product recalls due to food contamination (CDC, 2012, Vogt and 

Dippold, 2005). The harmless strains are part of the normal flora of the gut, and 

can benefit their hosts by producing vitamin K2 (Hudault et. al., 2001) and by 

preventing the establishment of pathogenic bacteria within the intestine (Eckburg 

et. al., 2005, Feng et. al., 2002).  

E. coli and related bacteria constitute about 0.1% of gut flora (Thompson 

and Andrea, 2007) and fecal–oral transmission is the major route through which 

pathogenic strains of the bacterium cause disease. Cells are able to survive 

outside the body for a limited amount of time, which makes them ideal indicator 

organisms to test environmental samples for fecal contamination (Ishii and 

Sadowsky, 2008). There is, however, a growing body of research that has 

examined environmentally persistent E. coli which can survive for extended 

periods outside of the host (Lecointre et. al., 1998).  

The bacterium can also be grown easily and inexpensively in a laboratory 

setting, and has been intensively investigated for over 60 years. E. coli is the 

most widely studied prokaryotic model organism, and an important species in the 

fields of biotechnology and microbiology, where it has served as the host 

organism for the majority of work with recombinant DNA. 

2.1.3 History: 

The genera Escherichia and Salmonella diverged around 102 million 

years ago (credibility interval: 57–176 mya), which coincides with the divergence 

of their hosts: the former being found in mammals and the latter in birds and 

reptiles (Haeckel and Ernst, 1867). This was followed by a split of the 
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escherichian ancestor into five species (E. albertii, E. coli, E. fergusonii,                    

E. hermannii and E. vulneris.) The last E. coli ancestor split between 20 and              

30 million years ago (Ecsherich, 1885).  

In 1885, Theodor Escherich, a German pediatrician, first discovered this 

species in the feces of healthy individuals and called it Bacterium coli commune 

due to the fact it is found in the colon and early classifications of Prokaryotes 

placed these in a handful of genera based on their shape and motility (at that 

time Ernst Haeckel's classification of Bacteria in the kingdom Monera was in 

place (Breed and Conn, 1936, Migula,1995). Bacterium coli was the type species 

of the now invalid genus Bacterium when it was revealed that the former type 

species ("Bacterium triloculare") was missing (Castellani and Chalmers, 1919). 

Following a revision of Bacteria it was reclassified as Bacillus coli by Migula in 

1895 (Garrity, 2005) and later reclassified in the newly created genus 

Escherichia, named after its original discoverer.  

The genus belongs in a group of bacteria informally known as "coliforms", 

and is a member of the Enterobacteriaceae family ("the enterics") of the 

Gammaproteobacteria (Samen Von et. al., 2011).  

In May 2011, one E. coli strain, Escherichia coli O104:H4, has been the 

subject of a bacterial outbreak that began in Germany. Certain strains of E. coli 

are a major cause of food borne illness. The outbreak started when several 

people in Germany were infected with enterohemorrhagic E. coli (EHEC) 

bacteria, leading to hemolytic-uremic syndrome (HUS), a medical emergency 

that requires urgent treatment. The outbreak did not only concern Germany, but 

11 other countries, including regions in North America (Britannica Online 

Encyclopedia, 2011). On 30 June 2011 the German Bundesinstitut für 

Risikobewertung (BfR) (Federal Institute for Risk Assessment, a federal, fully 

legal entity under public law of the Federal Republic of Germany, an institute 
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within the German Federal Ministry of Food, Agriculture and Consumer 

Protection) announced that seeds of fenugreek from Egypt were likely the cause 

of the EHEC outbreak (Kubitschek, 1990).  

2.1.4 Biology and biochemistry: 

 
Fig. 1.1: Model of successive binary fission in E. coli 

E. coli is Gram-negative, facultative anaerobic and non-sporulating.            

Cells are typically rod-shaped, and are about 2.0 microns (μm) long and                    

0.5 μm in diameter, with a cell volume of 0.6–0.7 (μm)3 (Ingledew and Poole, 

1984 and Darnton et. al., 2007). It can live on a wide variety of substrates.              

E. coli uses mixed-acid fermentation in anaerobic conditions, producing lactate, 

succinate, ethanol, acetate and carbon dioxide. Since many pathways in mixed-

acid fermentation produce hydrogen gas, these pathways require the levels of 

hydrogen to be low, as is the case when E. coli lives together with hydrogen-

consuming organisms, such as methanogens or sulphate-reducing bacteria 

(Ingledew and Poole, 1984).  
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Optimal growth of E. coli occurs at 37°C (98.6°F) but some laboratory 

strains can multiply at temperatures of up to 49°C (120.2°F). Growth can be 

driven by aerobic or anaerobic respiration, using a large variety of redox pairs, 

including the oxidation of pyruvic acid, formic acid, hydrogen and amino acids, 

and the reduction of substrates such as oxygen, nitrate, fumarate, dimethyl 

sulfoxide and trimethylamine N-oxide (Brussow et. al., 2004). 

Strains that possess flagella are motile. The flagella have a peritrichous 

arrangement (Krieg and Holt, 1984). 

E. coli and related bacteria possess the ability to transfer DNA via 

bacterial conjugation, transduction or transformation, which allows genetic 

material to spread horizontally through an existing population. This process led to 

the spread of the gene encoding shiga toxin from Shigella to E. coli O157:H7, 

carried by a bacteriophage (Lukjancenko et. al., 2010). 

2.1.5 Diversity: 

Escherichia coli encompass an enormous population of bacteria that 

exhibit a very high degree of both genetic and phenotypic diversity.                

Genome sequencing of a large number of isolates of E. coli and related bacteria 

shows that a taxonomic reclassification would be desirable. However, this has 

not been done, largely due to its medical importance (Lan and Reeves, 2002) 

and E. coli remains one of the most diverse bacterial species: only 20% of the 

genome is common to all strains (Orskov et. al., 1977).  

In fact, from the evolutionary point of view, the members of genus Shigella 

(S. dysenteriae, S. flexneri, S. boydii, S. sonnei) should be classified as E. coli 

strains, a phenomenon termed taxa in disguise (Lawrence and Ochman, 1998). 

Similarly, other strains of E. coli (e.g., the K-12 strain commonly used in 
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recombinant DNA work) are sufficiently different that they would merit 

reclassification.  

A strain is a sub-group within the species that has unique characteristics 

that distinguish it from other strains. These differences are often detectable only 

at the molecular level; however, they may result in changes to the physiology or 

lifecycle of the bacterium. For example, a strain may gain pathogenic capacity, 

the ability to use a unique carbon source, the ability to take upon a particular 

ecological niche or the ability to resist antimicrobial agents. Different strains of          

E. coli are often host-specific, making it possible to determine the source of fecal 

contamination in environmental samples (Ishii and Sadowsky, 2008, Battistuzzi 

et. al., 2004). For example, knowing which E. coli strains are present in a water 

sample allows researchers to make assumptions about whether the 

contamination originated from a human, another mammal or a bird. 

Serotype 

A common subdivision system of E. coli, but not based on evolutionary 

relatedness, is by serotype, which is based on major surface antigens                      

(O antigen: part of lipopolysaccharide layer; H: flagellin; K antigen: capsule),              

e.g., O157:H7) (Nataro and Kaper, 1998) (NB: K-12, the common laboratory 

strain is not a serotype). 

2.1.6 Genome plasticity 

Like all life forms, new strains of E. coli evolve through the natural 

biological processes of mutation, gene duplication and horizontal gene transfer, 

in particular 18% of the genome of the laboratory strain MG1655 was horizontally 

acquired since the divergence from Salmonella (Euzeby, 1997). In microbiology, 

all strains of E. coli derive from E. coli K-12 or E. coli B strains. Some strains 

develop traits that can be harmful to a host animal. These virulent strains 



42 
 

typically cause a bout of diarrhea that is unpleasant in healthy adults and is often 

lethal to children in the developing world (Migula, 1895). More virulent strains, 

such as O157:H7 cause serious illness or death in the elderly, the very young or 

the immunocompromised. 

Neotype strain 

E. coli is the type species of the genus (Escherichia) and in turn 

Escherichia is the type genus of the family Enterobacteriaceae, where it should 

be noted that the family name does not stem from the genus Enterobacter + "i" 

(sic.) + "aceae", but from "enterobacterium" + "aceae" (enterobacterium being not 

a genus, but an alternative trivial name to enteric bacterium) (Samen von et. al., 

2011, Brzuszkiewicz et. al., 2011, Blattner et. al., 1997). 

The original strain described by Escherichia is believed to be lost, 

consequently a new type strain (neotype) was chosen as a representative: the 

neotype strain is ATCC 11775, also known as NCTC 9001, (Zhaxybayeve and 

Doolittle, 2011), which is pathogenic to chickens and has an O1:K1:H7 serotype 

(Arifuzzaman et. al., 2006). However, in most studies either O157:H7 or K-12 

MG1655 or K-12 W3110 are used as a representative E. coli. 

2.1.7 Phylogeny of Escherichia coli strains 

Escherichia coli is a species. A large number of strains belonging to this 

species have been isolated and characterized. In addition to serotype (vide 

supra), they can be classified according to their phylogeny, i.e., the inferred 

evolutionary history, as shown below where the species is divided into six groups 

(Orskov et. al., 1997; Hu et. al., 2009). 

The link between phylogenetic distance ("relatedness") and pathology is 

small, e.g., the O157:H7 serotype strains, which form a clade ("an exclusive 
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group") — group E below — are all enterohaerogic strains (EHEC), but not all 

EHEC strains are closely related. In fact, four different species of Shigella are 

nested among E. coli strains (vide supra), while Escherichia albertii and 

Escherichia fergusonii are outside of this group. All commonly used research 

strains of E. coli belong to group A and are derived mainly from Clifton's K-12 

strain and to a lesser degree from d'Herelle's Bacillus coli strain (B strain).  

2.1.8 Genomics 

The first complete DNA sequence of an E. coli genome (laboratory strain 

K-12 derivative MG1655) was published in 1997. It was found to be a circular 

DNA molecule 4.6 million base pairs in length, containing 4288 annotated 

protein-coding genes (organized into 2584 operons), seven ribosomal RNA 

(rRNA) operons, and 86 transfer RNA (tRNA) genes. Despite having been the 

subject of intensive genetic analysis for approximately 40 years, a large number 

of these genes were previously unknown. The coding density was found to be 

very high, with a mean distance between genes of only 118 base pairs.                     

The genome was observed to contain a significant number of transposable 

genetic elements, repeat elements, cryptic prophages, and bacteriophage 

remnants (Todar, 2007). 

Today, over 60 complete genomic sequences of Escherichia and Shigella 

species are available. Comparison of these sequences shows a remarkable 

amount of diversity; only about 20% of each genome represents sequences 

present in every one of the isolates, while approximately 80% of each genome 

can vary among isolates. Each individual genome contains between 4,000 and 

5,500 genes, but the total number of different genes among all of the sequenced 

E. coli strains (the pan-genome) exceeds 16,000. This very large variety of 

component genes has been interpreted to mean that two-thirds of the E. coli 
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pangenome originated in other species and arrived through the process of 

horizontal gene transfer (Evans et. al., 2007). 

Proteomics  

Full sets of E. coli proteins and their interactions have also been isolated 

and studied. A 2006 study purified 4,339 proteins from cultures of strain K-12 and 

found interacting part nets for 2,667 proteins, many of which had unknown 

functions at the time. A 2009 study found 5,993 interactions between proteins of 

the same E. coli strain (Kamada et. al., 2005). 

Role as normal microbiota 

E. coli normally colonizes an infant's gastrointestinal tract within 40 hours 

of birth, arriving with food or water or with the individuals handling the child.                

In the bowel, it adheres to the mucus of the large intestine. It is the primary 

facultative anaerobe of the human gastrointestinal tract (Lee, 1996). Facultative 

anaerobes are organisms that can grow in either the presence or absence of 

oxygen. As long as these bacteria do not acquire genetic elements encoding for 

virulence factors, they remain benign commensals (Russo, 2000).  

Therapeutic use of nonpathogenic E. coli 

Nonpathogenic Escherichia coli strain Nissle, 1917 also known as Mutaflor 

is used as a probiotic agent in medicine, mainly for the treatment of various 

gastroenterological diseases (Cornelis, 2000) including inflammatory bowel 

disease (TofIianit,1994).  

2.1.9 Role in disease 

Virulent strains of E. coli can cause gastroenteritis, urinary tract infections, 

and neonatal meningitis. In rarer cases, virulent strains are also responsible for 
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hemolytic-uremic syndrome, peritonitis, mastitis, septicemia and Gram-negative 

pneumonia (Lee,1996).  

UPEC (uropathogenic E. coli) is one of the main causes of urinary tract 

infections. It is part of the normal flora in the gut and can be introduced many 

ways. In particular for females, the direction of wiping after defecation (wiping 

back to front) can lead to fecal contamination of the urogenital orifices. Anal sex 

can also introduce this bacteria into the male urethra, and in switching from anal 

to vaginal intercourse the male can also introduce UPEC to the female urogenital 

system. For more info see databases at the end of the article or UPEC 

pathogenicity. 

Role in biotechnology 

Because of its long history of laboratory culture and ease of manipulation, 

E. coli also plays an important role in modern biological engineering and 

industrial microbiology (Bessette et. al.,1999).The work of Stanley Norman 

Cohen and Herbert Boyer in E. coli, using plasmids and restriction enzymes to 

create recombinant DNA, became a foundation of biotechnology (Ihssen et. al., 

2010).  

E. coli is a very versatile host for the production of heterologous proteins, 

Wacker et. al., 2002), and various protein expression systems have been 

developed which allow the production of recombinant proteins in E. coli. 

Researchers can introduce genes into the microbes using plasmids which permit 

high level expression of protein, and such protein may be mass produced in 

industrial fermentation processes. One of the first useful applications of 

recombinant DNA technology was the manipulation of E. coli to produce human 

insulin (Huang et. al., 2012).  
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Many proteins previously thought difficult or impossible to be expressed in 

E. coli in folded form have also been successfully expressed in E. coli.                    

For example, proteins with multiple disulphide bonds may be produced in the 

periplasmic space or in the cytoplasm of mutants rendered sufficiently oxidizing 

to allow disulphide-bonds to form, (Fux et. al., 2005), while proteins requiring 

post-translational modification such as glycosylation for stability or function have 

been expressed using the N-linked glycosylation system of Campylobacter jejuni 

engineered into E. coli (Vidal et. al., 1998, Lederberg et. al., 1946,Cold spring 

harbour, 2006). Modified E. coli cells have been used in vaccine development, 

bioremediation, and production of immobilized enzymes (Wacker et. al., 2002).  

Model organism 

E. coli is frequently used as a model organism in microbiology studies. 

Cultivated strains (e.g., E. coli K12) are well-adapted to the laboratory 

environment, and unlike wild type strains, have lost their ability to thrive in the 

intestine. Many lab strains lose their ability to form biofilms (Benzer, 1961).  

These features protect wild type strains from antibodies and other chemical 

attacks, but require a large expenditure of energy and material resources. 

In 1946, Joshua Lederberg and Edward Tatum first described the 

phenomenon known as bacterial conjugation using E. coli as a model bacterium 

(Keymer et. al., 2006) and it remains the primary model to study conjugation.            

E. coli was an integral part of the first experiments to understand phage genetics, 

(Deccan Chronicle, 2009) and early researchers, such as Seymour Benzer, used 

E. coli and phage T4 to understand the topography of gene structure. Prior to 

Benzer's research, it was not known whether the gene was a linear structure, or if 

it had a branching pattern. 

E. coli was one of the first organisms to have its genome sequenced; the 

complete genome of E. coli K12 was published by Science in 1997 (Todar, 2009).  
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The long-term evolution experiments using E. coli, begun by Richard 

Lenski in 1988, have allowed direct observation of major evolutionary shifts in the 

laboratory. In this experiment, one population of E. coli unexpectedly evolved the 

ability to aerobically metabolize citrate, which is extremely rare in E. coli. As the 

inability to grow aerobically is normally used as a diagnostic criterion with which 

to differentiate E. coli from other, closely related bacteria, such as Salmonella, 

this innovation may mark a speciation event observed in the lab. 

By evaluating the possible combination of nanotechnologies with 

landscape ecology, complex habitat landscapes can be generated with details at 

the nanoscale. On such synthetic ecosystems, evolutionary experiments with                

E. coli have been performed to study the spatial biophysics of adaptation in an 

island biogeography on-chip. 

Studies are also being performed into programming E. coli to potentially 

solve complicated mathematics problems, such as the Hamiltonian path problem.  

2.2 Klebsiella 

Klebsiella well known to most clinicians as a cause of community-acquired 

bacterial pneumonia, occurring particularly in chronic alcoholics (Carpenter, 1990) 

and showing characteristic radiographic abnormalities (Felson et. al., 1949) due to 

a severe pyogenic infection which has a high fatality rate if untreated. 

The vast majority of Klebsiella infections, however, are associated with 

hospitalization. As opportunistic pathogens, Klebsiella spp. primarily attack 

immunocompromised individuals who are hospitalized and suffer from severe 

underlying diseases such as diabetes mellitus or chronic pulmonary obstruction. 

Nosocomial Klebsiella infections are caused mainly by Klebsiella pneumoniae, 

the medically most important species of the genus. To a much lesser degree,            

K. oxytoca has been isolated from human clinical specimens. It is estimated that 
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Klebsiella spp. cause 8% of all nosocomial bacterial infections in the United 

States and in Europe. No great geographical variations in frequency have been 

noted. In the United States, Klebsiella accounts for 3 to 7% of all nosocomial 

bacterial infections, placing them among the eight most important infectious 

pathogens in hospitals (Horan et. al., 1988, Schaberg et. al., 1991), and data 

collected from the United Kingdom (Bergogne-Berezi, 1995) and from Germany 

(Ullmann, 1983) are remarkably similar to those reported by the Centers for 

Disease Control and Prevention. 

Table-1 lists the most frequent nosocomial infections caused by Klebsiella. 

The urinary tract is the most common site of infection. Klebsiella accounts for                

6 to 17% of all nosocomial urinary tract infections (UTI) and shows an even 

higher incidence in specific groups of patients at risk, e.g., patients with 

neuropathic bladders or with diabetes mellitus (Bennet et. al., 1985, Lye et. al., 

1992). As a cause of nosocomial Gram-negative bacteremia, Klebsiella is second 

only to Escherichia coli (Bryan et. al., 1986, Duggan et. al., 1985, Pittet et. al., 

1993, Yinnon, 1996).  

Table – 2.1  

Hospital-acquired bacterial infections caused by Klebsiella spp. 

 Infection % of infections caused by 
Klebsiella Ranka

UTI 6–17 5–7 

Pneumonia 7–14 2–4 

Septicemia 4–15 3–8 

Wound infections 2–4 6–11 

Nosocomial infections in intensive care 
unit patients 4–17 4–9 

Neonatal septicemia 3–20 2–8 
a Ranking of Klebsiella compared to all other bacterial pathogens.  
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In pediatric wards, nosocomial Klebsiella infections are especially 

troublesome - particularly in premature infants and intensive care units.  

Klebsiella species are often the pathogens involved in neonatal sepsis                

(Table 1), in both early-manifestation and late-manifestation infections               

(Gotoff, 1992). 

Due to the extensive spread of antibiotic-resistant strains, especially of 

extended-spectrum β-lactamase (ESβL) - producing strains, there has been 

renewed interest in Klebsiella infections. 

2.2.1 Epidemiology 

Klebsiella spp. are ubiquitous in nature. Klebsiellae probably have two 

common habitats, one being the environment, where they are found in surface 

water, sewage, and soil and on plants (Bagley et. al., 1978, Brown and Seidler, 

1973, Edberg et. al., 1986, Masten et. al., 1974, Seidler et. al., 1975), and the 

other being the mucosal surfaces of mammals such as humans, horses, or 

swine, which they colonize. In this respect, the genus Klebsiella is like 

Enterobacter and Citrobacter but unlike Shigella spp. or E. coli, which are 

common in humans but not in the environment. 

In humans, K. pneumoniae is present as a saprophyte in the nasopharynx 

and in the intestinal tract. Carrier rates differ considerably from study to study. 

The detection rate in stool samples ranges from 5 to 38%, while rates in the 

nasopharynx range from 1 to 6% (Davis and Masten, 1974, Rose and Schreier, 

1968, Rosenthal, 1975, Thom, 1970). Because Gram-negative bacteria do not 

find good growth conditions on the human skin (Rosenbury, 1962), Klebsiella 

spp. are rarely found there and are regarded simply as transient members of the 

flora (Kloos and Massel White, 1975). 
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These carrier rates change drastically in the hospital environment, where 

colonization rates increase in direct proportion to the length of stay. Even hospital 

personnel have elevated rates of Klebsiella carriage (Caswell and Philips, 1977, 

Cooke et. al., 1979). Reported carrier rates in hospitalized patients are 77% in 

the stool, 19% in the pharynx, and 42% on the hands of patients (Cooke et. al., 

1979, Davis and Masten, 1974, Johnson et. al., 1969, Pollack et. al., 1972, Rose 

and Schreier, 1968, Seden et. al., 1971, Smith et. al., 1995). The high rate of 

nosocomial Klebsiella colonization appears to be associated with the use of 

antibiotics rather than with factors connected with delivery of care in the hospital 

(Pollack et. al., 1972, Rose and Schreier, 1968). Previous antibiotic therapy is 

significantly associated with acquisition of Klebsiella by the patient. In one study, 

2 weeks after admission to the hospital, a two- to fourfold increase in the 

colonization rates with Klebsiella was observed; this increase occurred primarily 

in patients receiving antibiotics, especially in persons receiving broad-spectrum 

or multiple antibiotics. In the hospital setting, the local antibiotic policy is a major 

determinant of the colonization pattern. The significance of increased 

colonization was illustrated by the observation that the attack rate of Klebsiella 

nosocomial infection in patients carrying hospital-acquired intestinal Klebsiella 

was four times as high as for non-carriers (Seden et. al., 1971). Furthermore, 

widespread use of antimicrobial therapy has often been held responsible for the 

occurrence of multiply resistant Klebsiella strains in hospitals (Tessin et. al., 

1990). Because these undesired effects may be reversed by strict control of 

antibiotic use, demands for strategies to avoid the overuse of antibiotics in 

prophylaxis and empirical therapy are increasingly being expressed. 

Apart from medical equipment (contaminated due to faulty hygienic 

procedures) and blood products (Goetz et. al., 1995, Jumaa and Chattopadyay, 

1992, Hart, 1993), the principal reservoirs for transmission of Klebsiella in the 

hospital setting are the gastrointestinal tract of patients and the hands of hospital 

personnel (Montgomerie et. al., 1979). The ability of this organism to spread 
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rapidly (Kuhn et. al., 1993) often leads to nosocomial outbreaks, especially in 

neonatal units (Griffiths, 1987). Of the 145 epidemic nosocomial infections 

reported in the literature published in English between 1983 and 1991, 13 were 

caused by Klebsiella (Doebbeling, 1993). According to the statistics of the 

Centers for Disease Control and Prevention, Klebsiella spp. account for 8% of 

endemic hospital infections and 3% of epidemic outbreaks (Stamm et. al., 1981). 

Especially feared are epidemic hospital infections caused by multiresistant 

strains. In the 1970s, these strains were chiefly aminoglycoside-resistant 

Klebsiella strains (Curie et. al., 1978, Martin et. al., 1971, Noriega et. al., 1975). 

Since 1982, strains that produce ESβLs, which render them resistant to 

extended-spectrum cephalosporins, have evolved (Coovadia et. al., 1992, De 

Champs et. al., 1991, French et. al., 1996, Gur et. al., 1989, Johnsin et. al., 1969, 

Medeiros, 1993, Meyer et. al., 1993, Reish et. al., 1993). The hallmark of these 

strains, resistance to ceftazidime, is observed in both K. pneumoniae and                 

K. oxytoca isolates (Smith and Chambers, 1995). In Europe, the β-lactamases of 

ceftazidime-resistant Klebsiella strains are commonly of the SHV-5 type, 

whereas TEM-10 and TEM-12 are more prevalent in the United States (Legakis 

et. al., 1995, Medeiros, 1993, Pagani et. al., 1994, Schiappa et. al., 1996, Urban 

and Rahal, 1997, Venezia et. al., 1995). The incidence of ESβL-producing 

Klebsiella isolates in the United States has been reported to be 5% of the                 

K. pneumoniae strains tested in the National Nosocomial Infection Study System 

(Jacoby, 1996). In Europe, the frequency of such strains seems to be even 

higher. A percentage of 14% to 16% ESβL producers among clinical Klebsiella 

isolates has been reported for France and England (Sirot, 1995). In particular 

regions or hospitals, the incidence can reach 25% to 40%. However, the 

percentage of ceftazidime-resistant strains may be much higher, because the 

conventional disc diffusion criteria used in the routine laboratory underestimate 

the incidence of these isolates (Jacoby, 1996). 
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ESβLs are usually plasmid mediated. Since, these plasmids are easily 

transmitted among different members of the Enterobacteriaceae, accumulation of 

resistance genes results in strains that contain multiresistant plasmids. For this 

reason, ESβL-producing isolates are resistant to a variety of classes of 

antibiotics. Moreover, the emergence of these multiply resistant Klebsiella strains 

is unfortunately accompanied by a relatively high stability of the plasmids 

encoding ESβLs. Even years after discontinuation of ceftazidime and other 

extended-spectrum cephalosporins, continued colonization of patients by ESβL-

producing Klebsiella strains has been observed (Hibbertrogers et. al., 1995).  

Risk factors for acquisition of these strains seem to be the length of stay in 

hospital and the performance of invasive procedures (Lucet et. al., 1996). 

Since ESβL production frequently is accompanied by multiresistance to 

antibiotics, therapeutic options become limited. So far, however, ESβL-producing 

Klebsiella strains have been susceptible to carbapenems such as imipenem or 

meropenem. Both antibiotics are the drugs of choice in the treatment of infections 

due to ESβL-producing organisms. In this respect, a recent observation is very 

disturbing. For the first time, ESβL-producing K. pneumoniae strains which 

showed an additional resistance to imipenem have been isolated (Bradford, 

1997). These strains possessed a transmissible plasmid-mediated AmpC-type  

β-lactamase. This development should be monitored closely, since the 

emergence of imipenem-resistant ESβL-producing Klebsiella strains will have a 

serious impact on remaining therapeutic options. 

In the last several years, the question has arisen whether it is necessary 

to determine if each isolated Klebsiella strain is an ESβL producer. The answer 

depends on the epidemiologic situation of a country or a hospital, but it should 

definitely be positive if a high percentage of ceftazidime-resistant strains are to 

be expected. To date, two diagnostic tests have been most commonly used for 
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the detection of such isolates. In the double-disc synergy test, a disc of clavulanic 

acid and a disc of an extended-spectrum cephalosporin such as ceftazidime are 

placed close together on an agar surface inoculated with the test organism 

(Jarlier et. al., 1988). Enhancement of the zone of inhibition around the 

cephalosporin disc towards the clavulanate-containing disc indicates the 

presence of an ESβL-producing strain. A commercially available product is the 

ESβL screening E test strip (AB Biodisk, Solna, Sweden). This method is based 

on the evaluation of the difference between the antimicrobial activity of 

ceftazidime alone compared to that of ceftazidime plus clavulanic acid (Katsanis 

et. al., 1994). 

It should be kept in mind that a number of measures have been 

recommended to prevent the nosocomial spread of Klebsiella. Strict adherence 

to basic epidemiological standards for the management of urinary catheters, 

intravenous tracheostomies, and wounds, maintenance and care of equipment, 

and good hand-washing practices all help to prevent the spread of nosocomial 

Klebsiella infections. Detailed information on this subject is given in an excellent 

review by Montgomerie (Montgomerie, 1979). Another measure to control 

Klebsiella infections is the regulation of antibiotic use in the hospital to prevent 

misuse and overuse of antibiotics. Furthermore, nosocomial infection 

surveillance is necessary to collect data that are used in the prevention and 

control of nosocomial Klebsiella infection rates. 

2.2.2 Taxonomy of the Genus Klebsiella 

The taxonomy of Klebsiella is characterized by a nomenclature reflecting 

its colorful taxonomic history. Originally, the medical importance of the genus 

Klebsiella (family Enterobacteriaceae) led to its being subdivided into three 

species corresponding to the diseases they caused: K. pneumoniae, K. ozaenae, 

and K. rhinoscleromatis. As the taxonomy became increasingly refined due to the 
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development of new methods such as numerical taxonomy, the species 

classification in this genus was continually revised. In time, three main 

classifications emerged, those of Cowan, Bascomb, and Ørskov (Table 2).   

 

In the early 1980s, Klebsiella isolates from the environment, which had 

previously been classified as “Klebsiella-like organisms” (groups J, K, L, and M), 

were increasingly being classified into provisional taxa (Gavini et. al., 1997). 

These groups gave rise to four new species: K. terrigena (Izard et. al., 1981),           

K. ornithinolytica (Sakazaki et. al., 1989), K. planticola and K. trevisanii (Ferragut 

et. al., 1983). In 1986, the last two species were combined into one species,          

K. planticola, because of their extensive DNA sequence homology (Gavini et. al., 

1986). While originally considered to be without clinical significance and 

restricted to aquatic, botanical, and soil environments, K. terrigena and                     

K. planticola have recently been reported as occurring in human clinical 
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specimens (Podschun et. al., 1986). According to these findings, particularly            

K. planticola has been isolated from human infections with a surprisingly high 

frequency of 3.5 to 18.5% among clinical isolates of Klebsiella species.               

More than half of these isolates were recovered from respiratory tract secretions; 

wound and urine isolates were the next most common (Podschun et. al., 1986). 

However, since most of the isolates were obtained from polymicrobial 

specimens, it is difficult to estimate the significance of these strains as causative 

agents of disease. Nevertheless, 6 of the 94 isolates were recovered from 

monomicrobial specimens and could be assigned to corresponding infections. 

Thus, at present it seems possible that in addition to K. pneumoniae and                  

K. oxytoca, a third Klebsiella species exists that is able to cause human 

infections. 

The adoption of a consistent nomenclature has been further complicated 

by the fact that Great Britain and the former Commonwealth countries adhere to 

the classification of Cowan while the USA prefers Ørskov’s classification. 

Consequently, the same bacterium may be called K. pneumoniae in one country 

and K. aerogenes in another. Most European countries follow the American 

example and recognize the worldwide predominant classification of Ørskov. 

2.2.3 Differentiation of Klebsiella Species 

Klebsiella species are usually identified and differentiated according to 

their biochemical reactions. The genus is defined as containing gram-negative, 

nonmotile, usually encapsulated rod-shaped bacteria of the family 

Enterobacteriaceae, which produce lysine decarboxylase but not ornithine 

decarboxylase and are generally positive in the Voges-Proskauer test (Edwards 

and Ewing, 1986). Within the genus Klebsiella, the individual species can be 

differentiated on the basis of the features listed in Table - 3.3. Whereas most 

Klebsiella species can be identified by standard microbiological laboratory tests, 
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the species K. terrigena and K. planticola require special, non-conventional 

reactions (such as utilization of m-hydroxybenzoate or hydroxy-l-proline, pectate 

degradation, acid from melezitose, or growth at 10°C).  

 

2.2.4 Typing of Klebsiella Isolates  

From an epidemiological point of view, it is often necessary to determine 

the clonality of the strains. This is particularly important in endemic and epidemic 

nosocomial outbreaks of Klebsiella infections to improve the management of 

such outbreaks. A variety of methods have been used with various degrees of 

success in Klebsiella typing and are discussed below. 
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Biotyping 

Biotyping based on an extended panel of biochemical and culture tests is 

certainly the most practicable method of typing for smaller laboratories that are 

epidemiologically not optimally equipped. Biotyping can be carried out by using 

macrotube tests alone (Haverkorn and Michel, 1979, Rennie and Duncan, 1974) 

or by combining a commercially available miniaturized system such as the             

API 20E system with additional macrotube tests (Podschum et. al., 1994). 

However, because of the large number of reactions to be tested and the often 

long cultivation times—up to 90 days for demonstration of gelatinase (Stenzel et. 

al., 1972) - biotyping of Klebsiella spp. is not very suitable as an epidemiological 

tool. 

Serotyping 

Serotyping is currently the most widely used technique for typing 

Klebsiella spp. It is based mainly on a division according to the capsule antigens 

(Orskov and Orskov, 1984). Klebsiellae usually have well-developed 

polysaccharide capsules, which give their colonies their characteristic mucoid 

appearance. Of 82 capsule antigens described, 77 types form the basis for               

an internationally recognized capsule antigen scheme (Orskov, 1977).             

Although 12 different O-antigen types of Klebsiella have also been described, 

they are difficult to classify because their determination is hampered by the heat-

stable capsules (Orskov, 1954, Orskov and Orskov, 1984). Capsule typing, by 

contrast, shows good reproducibility and is capable of differentiating most clinical 

isolates (Ayling-Smith and Pitt, 1990). The drawback of this method is the large 

number of serological cross-reactions that occur among the 77 capsule types. 

Thus, individual sera have to be absorbed with the cross-reacting K-antigens. 

Moreover, the typing procedure is cumbersome because of the time needed to 

perform the test and is susceptible to subjective interpretations because of weak 



58 
 

reactions that are not always easy to interpret. Since anti-capsule antisera are 

not commercially available, this technique is practiced mostly in specialized 

laboratories. However, in contrast to capsule typing, neither biochemical typing, 

bacteriocin typing, nor phage typing alone is sufficiently discriminative and 

reproducible for epidemiological purposes except under certain conditions 

(Orskov and Orskov, 1984). The combined use of biotyping and capsule typing 

enables the differentiation of a large number of bioserotypes (Rennie and 

Duncan, 1974). 

Phage Typing 

Phage typing of Klebsiella was first developed in the 1960s (Przondo-

Hessek, 1996, Slopek, 1978). Although the phage reaction is easily read and the 

reproducibility of the method is acceptable, this technique shows a relatively poor 

typing rate of 19 to 67% (Rubin, 1985, Slopek, 1978). Since, it is not an 

alternative to capsule typing, this procedure has never become widespread and 

is useful mainly as a secondary method in combination with serologic testing 

(Christensen and Korner, 1972, Coovadia et. al., 1979, Johanson et. al., 1969).  

It should be stressed, however, that it is possible to develop capsule- and           

O-antigen-specific phage typing if appropriate efforts are made, as a number of 

reports have demonstrated (MccallumK et. al., 1989, Pieroni et. al., 1994, 

Tomas, 1970). 

Bacteriocin Typing 

Although capsule typing is the preferred method for Klebsiella, it has been 

advised to include an additional feature independent of the capsule type to 

enable more precise epidemiological analysis. Many authors recommend typing 

Klebsiella via., bacteriocins (Bauernfeind, 1984, Buffenmayer et. al., 1976, 

Edmondson and Cooke, 1997, Hall, 1971). Bacteriocins are bactericidal 

substances, usually proteins, produced by bacteria to inhibit the growth of other 
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bacteria, usually members of the same species. An isolate can be characterized 

either by its ability to inhibit specific indicator strains or by its sensitivity to 

bacteriocins synthesized by a set of producer strains. Since the synthesis of 

bacteriocins is not frequent enough in Klebsiella, the latter technique has become 

the method of choice for bacteriocin typing of organisms belonging to this genus. 

However, the two principal early methods-the growth-in-broth method and the 

cross-streak method-both show considerable disadvantages. Because of the 

instability of bacteriocin preparations, the reproducibility of the growth-in-broth 

method is low. In addition, the conventional cross-streak method results in low 

typability of strains (Edmondson and Cooke, 1979, Hall, 1971). The limitations of 

both of these methods have been surmounted by a modification of the “scrape-

and-point” procedure (Bauernfeind, 1984), which avoids the use of potentially 

unstable pre-produced and stored bacteriocins. Instead, the bacteriocins are 

synthesized on an agar medium immediately before the strains to be typed are 

inoculated by a multipoint inoculator. This method has proven superior for 

bacteriocin typing of clinical and environmental Klebsiella strains (Bauernfeind et. 

al., 1981, Podschum and Ullmann, 1993, 1994) as well as of nosocomial 

outbreaks of Klebsiella (Bauernfeind et. al., 1993). 

2.2.5 Molecular Typing Methods 

Molecular typing methods, as applied to the genus Klebsiella, are still in 

their infancy. Preliminary descriptions have been presented on plasmid profiles 

(Bauernfeid et. al., 1993, Bingen et. al., 1993 Coovadia, 1992, Hartstein et. al., 

1993) ribotypes (Arlet et. al., 1994, Bingen et. al., 1993), multilocus enzyme 

analyses (Combe et. al., 1994) and applications of pulsed-field gel 

electrophoresis (Gouby et. al., 1994, Porat et. al., 1987). The procedures vary 

from laboratory to laboratory and lack standardization, making it difficult to 

compare them. 
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2.2.6 Pathogenicity Factors of Klebsiella 

The terms “pathogenicity factor” and “virulence factor” are used 

synonymously by some authors (Schaberg et. al., 1991), while others lay 

emphasis on a clear-cut distinction between them. In this review, the term 

“pathogenicity” defines the ability of a bacterium to cause disease while 

“virulence” is the measurement or degree of pathogenicity of any bacterial 

species. 

Nosocomial Klebsiella infections most commonly involve the urinary and 

respiratory tracts. Since these two body sites differ considerably with respect to 

the host defense mechanisms, it should be expected that the pattern of virulence 

factors found in UTI-causing strains of Klebsiella will differ from that observed in 

strains isolated from pulmonary sources of patients with pneumonia. 

The search for the pathogenic mechanisms of Klebsiella infections has 

identified a number of bacterial factors that contribute to the pathogenesis of 

these bacteria. Both in vitro and in vivo models have been established to 

investigate the interaction of bacterial cells and the host. The use of animal 

models has been a critical element in the study of Klebsiella pathogenicity by 

providing vital information that cannot be obtained from in vitro studies.                      

In particular, animal models have been established to study Klebsiella virulence 

factors in UTIs; mice and rats seem to be appropriate animal types. Lower UTIs 

have been investigated in the diuresis mouse or rat model of cystitis by 

intravesicular injection of organisms (Fader and Davis, 1980, Maayan et. al., 

1985). To study Klebsiella-mediated upper UTI, a rat model of experimental 

retrograde pyelitis has been established. Frequently, both models include 

scanning electron microscopy of the surface of the bladder or renal pelvis. 

The current research into the pathogenicity of Klebsiella focuses on the 

group of five factors shown in Fig.  



61 
 

 
 

Fig. 2.2: Schematic representation of Klebsiella pathogenicity factors 
 

Capsular Antigens 

As mentioned above, Klebsiellae usually develop prominent capsules 

composed of complex acidic polysaccharides. The capsular repeating subunits, 

consisting of four to six sugars and, very often, uronic acids (as negatively 

charged components), can be classified into 77 serological types (Orskov and 

Orskov, 1984). Capsules are essential to the virulence of Klebsiella (Cryz et. al., 

1984, Domenico et. al., 1982, Ehrenwort and Baer, 1956, Highsmith et. al., 

1985). The capsular material forms thick bundles of fibrillous structures           

covering the bacterial surface in massive layers (Fig. 2) (Amako et. al., 1988). 

This protects the bacterium from phagocytosis by polymorphonuclear 

granulocytes, on the one hand (Podschum et. al., 1992, Podschum and Uiimann, 

1992, Simoons-smit et. al., 1985, 1986), and prevents killing of the bacteria by 
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bactericidal serum factors, on the other (Williams et. al., 1983). The molecular 

mechanism presumably consists of inhibiting the activation or uptake of 

complement components, especially C3b (Williams et. al., 1989). Apart from their 

antiphagocytic function, Klebsiella capsule polysaccharides have been reported 

to inhibit the differentiation and functional capacity of macrophages in vitro 

(Yokochi et. al., 1977, Yokochi et. al., 1979). Moreover, injection of large doses 

of Klebsiella capsular polysaccharide (CPS) may even produce immunological 

paralysis, as has been demonstrated in mice that showed a dose-dependent 

decrease in the production of antibodies to the specific capsular antigen.  

 
Fig. 2.3: Transmission electron micrograph of K. pneumoniae cells  
                   surrounded by thick layers of fibrillous capsular material.  
                   Courtesy of I. Ofek, Tel Aviv University, Israel. 

While Klebsiella CPS were generally considered to mediate virulence 

properties, this consideration has recently been abandoned because of the great 

differences in virulence observed among different capsular types: strains 

expressing the capsule antigens K1 and K2 were found to be especially virulent 

in a mouse peritonitis model, whereas isolates of other serotypes showed little or 

no virulence (Kauffmann, 1949, Mizuta et. al., 1983). In experimentally induced 
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skin lesions in mice, Klebsiella strains of serotypes K1, K2, K4, and K5 were 

more virulent than were those expressing other capsule types (Simoons-smit et. 

al., 1986). At present, strains expressing capsule types K1 and K2 are 

considered especially likely to be virulent, although only a few of the 77 different 

K antigens have been systematically studied in this regard. 

The degree of virulence conferred by a particular K antigen might be 

connected to the mannose content of the CPS. Capsular types with low 

virulence, such as the K7 or K21 antigen (Ofek et. al., 1995 and Podschum and 

Ullmann, 1992), contain repetitive sequences of mannose-α-2/3-mannose or              

l-rhamnose-α-2/3-l-rhamnose. These sequences are recognized by a surface 

lectin of macrophages, which mediates opsonin-independent (i.e., complement- 

and antibody-independent) phagocytosis, known as lectinophagocytosis. 

Lectinophagocytosis has been defined as nonopsonic phagocytosis that is based 

on recognition between surface lectins on one cell and surface carbohydrates on 

the opposing cell (Ofek et. al., 1995). Lectinophagocytosis may be mediated 

either by bacterial surface lectins such as fimbriae or by phagocyte lectins that 

act as receptors. Macrophages with the mannose-α-2/3-mannose-specific lectin 

or mannose receptor recognize, ingest, and subsequently kill Klebsiella 

serotypes containing the CPS repeating sequences Manα2/3Man or l-Rhaα2/3l-

Rha. In contrast, strains that lack these repeating sequences are not recognized 

by macrophages and hence phagocytosis does not take place. This model is 

consistent with the marked virulence of K2, which completely lacks mannose-α-

2/3-mannose structures (Kabha et. al., 1995, Ofek et. al., 1991). Thus, Klebsiella 

strains bearing capsule types devoid of these mannose or rhamnose sequences 

should be more closely associated with infectious diseases. 

Previous attempts to establish a correlation between individual Klebsiella 

serotypes and the site of infection or clinical symptoms have produced a 

profusion of contradictory results. Each study reports different capsular types as 
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predominant (Casewell and Talsnia, 1979, Cryz et. al., 1984, Podschul et. al., 

1986, Rennie et. al., 1974, Riser and Noone, 1981, Simmons-smit et. al., 1985, 

Ullmann, 1983). Geographical differences in serotypes may have contributed to 

this confusion. Most reports do agree, however, that the K2 serotype is among 

the most common capsule types isolated from patients with UTI, pneumonia, or 

bacteremia. It can be assumed, therefore, that K2 is the predominant serotype of 

human clinical isolates worldwide whereas K2 strains are very rarely 

encountered in the environment (Brown and Seidler, 1973, Edmondson and 

Cooke, 1979, Matsen et. al., 1974). Thus, the observed predominance of the          

K2 serotype in Klebsiella infections is quite consistent with the concept of 

lectinophagocytosis. Since the host innate immune mechanisms interact with 

structures commonly found on microorganisms, particular Klebsiella serotypes, 

such as the K2 type, which do not bear such structures, become selected. 

The significance of capsular mannose-α-2/3-mannose sequences to the 

clearance of Klebsiella in the host is further illustrated by recent findings of Ofek’s 

group (Kabha et. al., 1997). They observed that surfactant protein A (SP-A), the 

main protein component of lung surfactant, enhances the phagocytosis by 

alveolar macrophages of Klebsiella K21a strains (which bear a mannose-α-2/3-

mannose containing capsule) but not of K2 isolates. Since the reaction was 

inhibited by mannan, the authors suggested that bacterial binding is mediated by 

the macrophage mannose receptor. 

Pili (Fimbriae) 

As a critical first step in the infectious process, microorganisms must come 

as close as possible to host mucosal surfaces and maintain this proximity by 

attaching to the host cell (adherence). The adhesive properties in the 

Enterobacteriaceae are generally mediated by different types of pili.                      

Pili (otherwise known as fimbriae) are non-flagellar, filamentous projections on 
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the bacterial surface. These structures are up to 10 μm long and have a diameter 

of 1 to 11 nm; they consist of polymeric globular protein subunits (pilin) with a 

molecular mass of 15 to 26 kDa (Jones et. al., 1983). 

Pili are demonstrated mainly on the basis of their ability to agglutinate 

erythrocytes of different animal species. Depending on whether the reaction is 

inhibited by d-mannose, these adhesins are designated as mannose-sensitive or 

mannose-resistant hemagglutinins (MSHA and MRHA), respectively (Ottow, 

1975). Of the different types of pili described in enterobacteria, there are two 

predominant types in Klebsiella spp. (Old and Adgbola, 1985, Podschum et. al., 

1987, Przonda-Hessek et. al., 1983). 

Type 1 (common) pili: 

Type 1 pili are the best investigated of the bacterial adhesins. They are 

MSHA which agglutinate guinea pig erythrocytes. The adhesion protein in this 

pilus type is located on the fimbrial shaft and is capable of binding to mannose-

containing trisaccharides of the host glycoproteins (Babu et. al., 1986, Firon et. 

al., 1984). The sugar structures presumably consist of short oligomannose 

chains bound via., N-glycosidic linkages to the glycoproteins (Sharon and Ofek, 

1986). The relevance of these pili to bacterial virulence is thought to arise mainly 

from binding of the bacteria to mucus or to epithelial cells of the urogenital, 

respiratory, and intestinal tracts (Venegas et. al., 1995). Their role in the 

pathogenesis of UTI was clarified mostly in studies on E. coli but has also been 

described for K. pneumoniae in animal models (Fadar and Davis, 1980, French 

et. al., 1996). Although associated primarily with the pathogenesis of lower UTI 

(Iwahi et. al., 1983), type 1 pili may also be involved in the pathogenesis of 

pyelonephritis (Fader and Davis, 1982, Matsumoto et. al., 1987). In this setting, 

these structures have been shown to bind effectively to proximal tubulus cells 

(Virkola, 1988). Type 1 fimbriae are also capable of binding to soluble, mannosyl-
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containing glycoproteins in urine, such as the Tamm-Horsfall protein (Reinhardt, 

1990), or in saliva (Babu et. al., 1986). These findings provide an explanation for 

the fact that type 1 pili mediate bacterial colonization of the urinogenital and 

respiratory tracts (Clegg and Gerlach, 1987). Adherence of bacteria to cells of 

the respiratory tract (Ayar et. al., 1982) leads to impairment of colonization 

resistance in the upper airways, with a subsequent proliferation of facultative 

pathogenic bacteria. This impairment may result in the development of 

pneumonia, especially in patients undergoing long-term mechanical ventilation 

(Williams et. al., 1989). 

In the appraisal of the pathogenic role of type 1 pili, however, the 

phenomenon of “phase variation” has to be taken into account. As mentioned 

above, this type of adhesin mediates bacterial colonization of the host mucosal 

surfaces via., a rather nonspecific binding. In pathogenic microorganisms, 

colonization of the mucous membrane is followed by invasion of the underlying 

tissue, with all of the subsequent events of infectious pathogenesis. Once in the 

host tissue, however, the type 1 pili are no longer of use to the bacteria, since 

they trigger an opsonin-independent leukocyte activity known as 

lectinophagocytosis (OfekI and Sharon, 1988). The repulsion forces separating 

bacterium and leukocyte are weakened by the hydrophilic character of these pili 

(Ohmann et. al., 1985), thus enabling the adhesins to bind to specific mannose-

containing receptors on the leukocyte surface (Rodriguezortega et. al., 1987). 

Adhesin-binding triggers stimulation of the leukocyte, which ultimately leads to 

phagocytosis and intracellular killing of the bacterium (Lock et. al., 1990).               

The bacterium counters this form of host defense by switching off the expression 

of type 1 pili in tissue (Maayan et. al., 1885). Thus, while type 1 pili are important 

for host colonization, their contribution to subsequent steps of pathogenesis is 

less clear. 
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Type 3 pili: 

Unlike other fimbriae, type 3 pili agglutinate only erythrocytes that have 

been treated with tannin. Although its name, mannose-resistant, Klebsiella-like 

hemagglutination (MR/K-HA), implies that this fimbrial type is synthesized only by 

Klebsiella, later studies demonstrated that type 3 pili occur in many enteric 

genera (Clegg and Gerlach, 1987). Moreover, type 3 pili apparently are not 

identical in all genera of enterobacteria, since serological studies showed 

considerable antigenic diversity. Originally described as the adhesion organelles 

of Klebsiella inhabiting plant roots (Korhonen et. al., 1983), these pili were later 

found to be capable of binding to various human cells. Strains of K. pneumoniae 

expressing type 3 pili adhere to endothelial cells, epithelia of the respiratory tract, 

and uroepithelial cells (Hornick et. al., 1992). In the kidneys, these pili mediate 

bacterial adhesion to tubular basement membranes, Bowman’s capsules, and 

renal vessels (Tarkkanen et. al., 1997). Binding to tannic acid-treated 

erythrocytes is inhibited by spermidine, a polyamine that is also secreted in urine 

(Gerlach et. al., 1989). Since spermidine is exposed on the cell surface of 

damaged erythrocytes, it has been suggested that MR/K hemagglutination is 

mediated by spermidine. This might explain why type 3 pili bind to tannic acid- or 

heat-treated erythrocytes but not to untreated erythrocytes. 

The role of this fimbrial type in the pathogenetic process is largely 

unknown. So far, the only evidence of a correlation between the type 3 MrkD 

hemagglutinin and disease has been the observation of expression of type 3 pili 

in Providencia stuartii in catheter-associated bacteriuria. This species is not a 

common cause of UTI in short-term-catheterized or non-catheterized persons but 

has a much higher prevalence in the urine of patients with long-term indwelling 

catheters. In the above-mentioned study, it was demonstrated that the higher 

prevalence of P. stuartii in catheter-associated bacteriuria was due to its ability to 

adhere and persist to the catheter in the catheterized urinary tract by expression 



68 
 

of the MR/K hemagglutinin. Unfortunately, so far, no experimental animal model 

has been established investigate the role of these pili in infection. The structure 

of the corresponding host receptors is unknown. 

Three new types of Klebsiella adhesins have been recently reported.             

The R-plasmid-encoded CF29K adhesin of K. pneumoniae has been 

demonstrated to mediate adherence to the human intestinal cell lines Intestine-

407 and CaCO-2 (Darfeuille-Michaud et. al., 1992). This adhesin type seems to 

be identical to the CS31-A adhesive protein of human diarrheal E. coli strains           

(Di Martino et. al., 1995) and belongs to the K88 adhesin family. The available 

data suggest that CF29K probably is a product of the transfer of CS31A genetic 

determinants from E. coli to K. pneumoniae strains in the human intestine.           

A particular adherence pattern characterized by aggregative adhesion to 

intestinal cell lines is mediated by another new Klebsiella adhesin that seems to 

be composed of capsule-like extracellular material (Favre-Bonte et. al., 1995). 

While the two adhesins mentioned above are non-fimbrial, a third putative 

colonization factor of the human gut is a new fimbria that has been termed                   

KPF-28 (Di Martino et. al., 1996). Interestingly, this fimbrial type has been found 

in the majority of K. pneumoniae strains producing CAZ-5/SHV-4 type ESβL. 

To date, however, little is known about the frequency and distribution of 

these newly described adhesins, their geographical variations, their expression 

by different species of Klebsiella, their site of isolation from the host, or their 

significance in pathogenicity. 

Serum Resistance and Lipopolysaccharide 

The first line of defense by the host against invading microorganisms 

includes, in addition to phagocytosis by polymorphonuclear granulocytes, the 

bactericidal effect of serum. The serum bactericidal activity is mediated primarily 

by complement proteins. After their cascade-like activation, these proteins 
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accumulate as membrane attack complex on the surface of the microorganism. 

This complex consists of the terminal complement proteins C5b–C9, which 

produce a trans-membranous pore in the outer membrane of Gram-negative 

bacteria, leading to an influx of Na+ and subsequent osmotic lysis of the bacteria. 

The complement cascade can be activated by two different mechanisms: the 

classic complement pathway, which typically requires specific antibodies to be 

activated, and the alternative complement pathway, which can be activated even 

in the absence of antibodies. The alternative pathway is also regarded as an 

early defense system of innate immunity, which enables the host to react to 

invading microorganisms even before specific antibodies are formed (Jioner, 

1988). Both complement pathways lead, via the activation of C3, to the formation 

of the opsonin C3b, which ultimately results in formation of the terminal C5b–C9 

complex and thus plays a key role in this defense system. 

In response to this host defense, pathogenic microorganisms have 

developed strategies to counter the serum bactericidal effect. Most commensal 

Gram-negative bacteria are sensitive to the bactericidal effect of human serum, 

whereas pathogenic strains often exhibit serum resistance properties (Olling, 

1977). Thus, clinical isolates of enterobacteria often show resistance to serum, 

and the feature “serum resistance” has been correlated with the onset of infection 

(Oling, 1977, Roantree et. al., 1960) and severity of symptoms (Bjorksten and 

Kaijser, 1978, Gower et. al., 1972). Since, the main role of the serum bactericidal 

system is thought to prevent microorganisms from invading and persisting in the 

blood, even differences in the degree of bacterial serum susceptibility may 

determine whether a strain is able to infect as well as the length of time it takes 

the organisms to establish the infection. 

To date, the exact mechanism underlying bacterial serum resistance is 

unknown. Aside from various proteins of the outer membrane, such as the              

TraT lipoprotein or porins, primarily CPS and O antigens (lipopolysaccharides 



70 
 

[LPS]) have been implicated (Ciurana et. al., 1987, Opal et. al., 1982, Porat et. 

al., 1987). For Klebsiella, two hypotheses have been propounded (Merino et. al., 

1992). First, capsule polysaccharides may cover and mask the underlying LPS 

and exhibit a surface structure that does not activate complement. On the other 

hand, the O side chains of the LPS may reach through the capsule layer and be 

exposed to the exterior milieu in certain Klebsiella capsule types. Since LPS is 

generally able to activate complement, C3b is subsequently deposited onto the 

LPS molecules. However, since it is fixed preferentially to the longest                      

O-polysaccharide side chains, C3b is far away from the bacterial cell membrane. 

Thus, the formation of the lytic membrane attack complex (C5b–C9) is 

prevented, and subsequent membrane damage and cell death do not take place. 

In addition to this steric hindrance of the lytic complement action by LPS, 

the quantity of deposited C3b also determines the degree of serum resistance. 

While serum-sensitive strains activate both the classical and the alternative 

complement pathways, the smooth LPS of serum-resistant strains activates only 

the alternative pathway. The activation of both complement pathways by serum-

sensitive strains leads to higher levels of deposited C3b, resulting in greater 

damage and bacterial killing. 

It should be borne in mind, however, that all previous studies in this field 

were done with strains expressing the O1 serotype. Even though O1 is the most 

common O antigen found among clinical Klebsiella isolates, a number of different 

O serotypes, many of them neutral polysaccharides, are known. Originally there 

were 12 chemically different O types, but the results of structural investigations 

later reduced the number of Klebsiella O1 antigens to 8. To date, it is unclear 

whether serum resistance is mediated solely by the O1 antigen or whether this 

feature is generally conferred by Klebsiella LPS. 
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Nevertheless, even within a given O serotype, serum resistance does not 

seem to be a stable characteristic; environmental factors affect the composition 

and effect of LPS. Recently, the influence of different osmolarity conditions on 

LPS was demonstrated in Aeromonas hydrophila serotype O:34; cells grown at 

high osmolarity showed smooth LPS, whereas growth at low osmolarity resulted 

in rough LPS. Correspondingly, cells cultivated at high osmolarity were resistant 

to normal human serum while bacteria grown at low osmolarity proved to be 

serum sensitive. Thus, the same bacterial strain may be serum resistant at host 

body sites with a high-osmolarity milieu, such as the urinary tract, and serum 

sensitive at low-osmolarity body locations like the respiratory tract. 

Siderophores 

The growth of bacteria in host tissue is limited not only by the host 

defense mechanisms but also by its supply of available iron. Iron is an essential 

factor in bacterial growth, functioning mainly as a redox catalyst in proteins 

participating in oxygen and electron transport processes (Griffiths, 1987).                

The supply of free iron available to bacteria in the host milieu is extremely low, 

since this element is bound intracellularly to proteins such as hemoglobin, ferritin, 

hemosiderin, and myoglobin and extracellularly to high-affinity iron-binding 

proteins such as lactoferrin and transferrin. The level of free, bioavailable iron 

(10−18 M) is several thousand fold too low for normal bacterial growth (Bullen et. 

al., 1978). The marked effect of the iron supply in the host body on the 

pathogenesis of infections has been demonstrated for Klebsiella. After parenteral 

administration of iron in a guinea pig model, the susceptibility to K. pneumoniae 

infections increased dramatically (Khimji and Miles, 1978). 

Many bacteria attempt to secure their supply of iron in the host by 

secreting high-affinity, low-molecular-weight iron chelators, called siderophores, 

that are capable of competitively taking up iron bound to host proteins (Griffiths, 
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1987). Under iron-deficient conditions, e.g., in the host milieu, enterobacteria 

synthesize a variety of siderophores, which belong to two different chemical 

groups, one consisting of the phenolate-type siderophores and one consisting of 

the hydroxamate-type siderophores. 

The more common group consists of the phenolate-type siderophores. 

Their best-known representative, enterobactin (also known as enterochelin), is a 

cyclic trimer of 2,3-dihydroxy-benzoyl-serine. This siderophore appears to 

comprise the main iron uptake system of enterobacteria and is synthesized by 

almost all clinical isolates of E. coli and Salmonella spp. (Griffiths et. al., 1987). 

Studies on the contribution of enterobactin to virulence have produced conflicting 

results. For example, Yancey et. al., reported that Salmonella typhimurium 

mutants unable to produce this siderophore were less virulent in mice, while 

Benjamin et al. 1985 found no association between virulence and the ability to 

synthesize enterobactin. To date, the role of enterobactin in virulence remains 

uncertain. 

Among the hydroxamate-type siderophores, the ferrichromes (which are 

synthesized only by fungi), the ferrioxamines, and aerobactin are the most 

important. In contrast to enterobactin, the contribution of aerobactin to bacterial 

virulence has been clearly demonstrated (De Lorenzo et. al., 1988). While the 

thermodynamic stability constant of ferric enterobactin indicates a much higher 

affinity for Fe (III) than that of ferric aerobactin (Ks 1052 and 1023, respectively), 

aerobactin still seems to be far more effective than enterobactin because of a 

number of physical advantages such as greater stability and better solubility 

(Wooldridge and Williams, 1993). Moreover, while enterobactin becomes 

hydrolyzed by an esterase after delivery of iron, aerobactin can be recycled after 

each turn of iron transport. 
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The observations of Martinez et. al., 1987 indicate that enterobacterial 

genera can be divided into two groups according to their incidence of aerobactin 

synthesis. The group with a low rate of aerobactin-producing strains (<20%) 

comprises genera such as Serratia, Proteus, and Salmonella. The second group, 

which includes the genus Escherichia, shows a high incidence of aerobactin 

synthesis (>40%). 

In the genus Klebsiella, the production of both enterobactin and aerobactin 

has been demonstrated. However, while enterobactin is synthesized by almost 

all strains (Podschum et. al., 1992, Rassbrodt and Rabsch, 1988, Williams et. al., 

1987), aerobactin-positive Klebsiella isolates, irrespective of the species or 

source of isolation, have been observed rarely (Marrinez et. al., 1987, Podschun 

et. al., 1993). Enterobactin-positive Klebsiella isolates in animal models were no 

more virulent than enterobactin-negative strains (Miles and Khimij, 1975).                

In contrast, an association between aerobactin synthesis and the virulence of 

Klebsiella strains was unequivocally demonstrated by Nassif and Sansonetti, 

1986. In this study, the aerobactin gene was cloned from the plasmids of some 

K. pneumoniae strains of serotypes K1 and K2 and transferred to a non-virulent 

(siderophore-negative) strain. The transformant then exhibited markedly 

enhanced virulence in a mouse peritonitis model. 

Because of the common ability of strains to produce enterobactin, it has 

been speculated for a long time what additional advantage a bacterium, which 

already synthesizes enterobactin, might derive from aerobactin. The great 

advantage of enterobactin over aerobactin is its high iron affinity, the highest ever 

recorded for a ferric iron chelator. At pH 7.4, the formation constant for ferric 

enterobactin is 1052, which is magnitudes higher than that of transferrin (Griffiths, 

1987). In contrast to enterobactin, aerobactin is not an effective competitor for 

transferrin-bound iron because of its much lower affinity for ferric iron. Indeed, 

investigations have demonstrated that enterobactin sequesters iron 
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predominantly from transferrin, while the iron source of aerobactin is host cells. 

Thus, production of these two siderophores may give access to both sources of 

iron, resulting in enhanced growth in the host. 

Data on the incidence of aerobactin-producing Klebsiella indicates that 

this siderophore does not play a central role in the pathogenicity of the genus 

Klebsiella. It should be pointed out, however, that clinical K. pneumoniae 

isolates, which do not synthesize aerobactin themselves, are entirely capable of 

using exogenously introduced aerobactin as their sole source of iron (Williams et. 

al., 1989). By synthesizing only the intrinsically expressed aerobactin receptor, 

such strains could derive an advantage over other aerobactin-synthesizing 

bacteria in mixed infections. The aerobactin-mediated iron uptake system would 

thus be an indirect contributor to the pathogenicity of the genus Klebsiella. 

As in many enterobacteria, and as has been especially well studied in            

E. coli, other factors have also been demonstrated in Klebsiella spp. Although the 

production of cytotoxins (Higaki et. al., 1990, Koo and Stein, 1986, Minami et. al., 

1992, Straus, 1987), enterotoxins (Gaurino et. al., 1989, Klipstein and Engert, 

1975, 1977, 1976, 1983, Minami et. al., 1994) and hemolysin (Barberis et. al., 

1986) has been sporadically described, these features probably play a rather 

minor role in Klebsiella. 

2.2.7 Vaccination: 

As stated above, most Klebsiella infections are acquired during hospital 

stays and account for 5 to 7.5% of all nosocomial infections. The morbidity and 

mortality of severe systemic infections, such as bacteremia and pneumonia, 

remain high despite the use of appropriate antibiotic therapy. Fatality rates of             

20 to 50% in Klebsiella bacteremia and of more than 50% in Klebsiella 

pneumonia have been reported (Bryan et. al., 1983, Cryz, 1983, De la Torre et. 

al., 1985). Moreover, Klebsiella infections in pediatric wards have become a 
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major concern. In neonatal intensive care units, Klebsiella is one of the three or 

four most common pathogens (Hart, 1993). This is apparently related to the 

observation that premature neonates, especially those in neonatal intensive care 

units are more likely than other neonates to develop an intestinal flora in which 

Klebsiella spp. are highly prevalent. These findings, taken together with the 

emergence of ESβL-producing multiresistant strains, indicate the need for a 

means of immunological control of Klebsiella infections. Such measures may 

include immunoprophylaxis (active vaccination of patients who are at risk) as well 

as immunotherapy (passive immunization by hyperimmune sera). 

Among the different cell constituents, two surface components are mainly 

being discussed as candidates for an anti-Klebsiella vaccine: LPS and CPS. 

Lipopolysaccharides 

Due to their endotoxic properties, LPS are considered important in the 

pathology of septicemia. Until recently, Klebsiella LPS O antigens were generally 

considered to be masked by the capsule polysaccharides and thus not to be 

exposed on surface, leaving them inappropriate as vaccine candidates.            

Recent studies, however, demonstrated surface exposure of O-antigens in 

strains expressing particular capsular serotypes (Tomas et. al., 1988). The small 

number of different Klebsiella O-types is a great advantage with respect to their 

applicability as vaccines. In contrast to the K antigens, only eight O types are 

known, O1 being the most commonly found O type in clinical isolates.                      

A multivalent LPS vaccine composed of these eight O antigens or at least the 

inclusion of the common O1 antigen in a broad spectrum capsular 

polysaccharide vaccine might be a promising approach. Recently, the 

administration of monoclonal antibodies to the Klebsiella O1 antigen has been 

reported to be protective in a mouse model of lethal endotoxemia (Thom, 1970). 

Moreover, the inclusion of O antigens in a multivalent Klebsiella vaccine 
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formulation might be of additional benefit due to strong adjuvant action, as has 

been demonstrated for the Klebsiella O3 lipopolysaccharide (Yokochi et. al., 

1995). A great drawback of active immunization with LPS-containing vaccines, 

however, is adverse toxic reactions, which must be expected because of the 

endotoxin content. Thus, each Klebsiella vaccine composed of O antigens has to 

be rendered safe by sufficient detoxification of the LPS. 

Capsular Polysaccharides 

CPS have been the obvious vaccine candidates for several reasons. 

Capsules are produced by almost all Klebsiella strains; they represent the 

outermost layer of surface structures in contact with the host milieu, and they 

have been proven to be highly immunogenic and nontoxic. A serious 

disadvantage of a Klebsiella CPS vaccine is the great number of K antigens              

(77 different antigens). However, in a study of the incidence of the capsule types 

among bacteremic Klebsiella isolates, Cryz et. al., 1986 observed that only              

25 serotypes made up 70% of all bacteremic strains. Based on their 

seroepidemiological findings, they formulated a 24-valent Klebsiella CPS vaccine 

that subsequently was proven to be safe and immunogenic (Cryz et. al., 1985). 

To date, this vaccine seems to be the most promising approach for preventing 

sepsis caused by Klebsiella and has already passed phase I human trials 

(Edelman et. al., 1994). The most recent study of the 24-valent Klebsiella CPS 

vaccine demonstrated an excellent antibody response after active immunization 

in patients with acute blunt or penetrating trauma (Campbell et. al., 1996). 

Indeed, investigations have demonstrated that enterobactin sequesters 

iron predominantly from transferrin, while the iron source of aerobactin is host 

cells (Brock et. al., 1991). Thus, production of these two siderophores may give 

access to both sources of iron, resulting in enhanced growth in the host. 
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Concluding Remarks: 

Klebsiella are opportunistic pathogens and can give rise to severe 

diseases such as septicemia, pneumonia, UTI, and soft tissue infection. 

Typically, Klebsiella infections are nosocomial. The hospitalized, 

immunocompromised patient with underlying diseases is the main target of these 

bacteria. Thus, Klebsiella infections may serve as a paradigm of hospital-

acquired infections. Their incidence of 5 to 7% of all hospital-acquired infections 

ranks them among the most important nosocomial pathogens. 

 In this context, some new trends have been observed in the past several 

years.  

(i) An increasing number of endemic and epidemic outbreaks in pediatric 

wards has been reported. Especially common are Klebsiella infections 

causing septicemia and meningitis in newborns in neonatal intensive 

care units. Since more and more of these outbreaks have been caused 

by multidrug-resistant strains, Klebsiella neonatal infections are 

becoming a major concern of the pediatrician. Especially peculiar has 

been the repeated frequent isolation of multidrug-resistant Klebsiella 

isolates expressing serotype K55. It remains to be seen whether this 

observation reflects the spread of a particular “neonatal” Klebsiella 

clone. 

(ii) Hospital outbreaks of multidrug-resistant Klebsiella spp. are often 

caused by a new type of strain, the ESβL producers. The incidence of 

ESβL-producing strains among clinical Klebsiella isolates has been 

steadily increasing over the past several years. Frequencies of up to 

40% have been reported in certain regions. Currently, the available 

data suggest a further increase in the incidence of ESβL-producing 

isolates. As a result, the therapeutic options are becoming limited,      

so that in the near future there will be an urgent need for hospital 
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infection control measures that counter the spread of ESβL-producing 

bacteria. 

(iii) Until recently, K. pneumoniae and K. oxytoca have been considered to 

be the only pathogenic Klebsiella species. However, the newer species 

K. terrigena and K. planticola, formerly regarded as “environmental” 

Klebsiella species, have been demonstrated to occur in human clinical 

specimens. K. planticola, in particular, has been isolated with 

astonishing frequency from human infectious processes. So far, it is 

unclear what kind of pathogenicity factors K. planticola might possess 

or whether this species expresses the same factors that have been 

described for K. pneumoniae. K. planticola can, however, be expected 

to be of clinical significance, and the question remains whether the 

identification of this species by standard laboratory procedures should 

be recommended. 

Nosocomial Klebsiella infections continue to be a heavy burden on the 

economy and on the life expectancy of patients in developed countries.                 

Hospital infection prevention and control programs led in the past to considerable 

improvements in the management and control of these infections.                  

However, there is a general agreement that further progress in prevention of 

hospital-acquired infections will require new approaches to infection control. As a 

future challenge for the advancement of preventive measures against 

nosocomial Klebsiella infections, the usefulness of new concepts needs to be 

evaluated. A number of different approaches are conceivable. 

One possible measure is the vaccination of persons at risk. Regardless of 

whether active or passive immunization is performed (the latter preferentially by a 

cocktail of monoclonal anti-Klebsiella antibodies), the question has to be raised 

about whom to vaccinate. While little controversy is to be expected for 

vaccinating immunocompromised hospitalized patients to prevent fatal Klebsiella 
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pneumonia and septicemia, the justification of immunological measures in other 

patient groups is being debated. A good example in this respect is Klebsiella UTI 

in elderly individuals. Most cases of bacterial pyelonephritis are not caused by 

Klebsiella but by E. coli strains. However, although Klebsiella species are not a 

predominant cause of UTI, they can cause significant renal scarring even after a 

single episode of infection. Moreover, infections with these uropathogens are 

more likely to lead to death than are infections with most E. coli strains.            

The question whether a Klebsiella vaccine should be recommended for persons 

older than 60 years has to be clarified by cost-benefit analyses. 

Another point of interest is the possible eradication of Klebsiella in patients 

during their hospital stay. One of the new approaches is the use of cranberry 

juice. This juice shows a pronounced anti-adhesive effect on enterobacteria and 

therefore might prevent colonization of hospitalized patients or even eradicate 

these bacteria in colonized persons. Cranberry juice might be of benefit both 

because of its high content of fructose as an inhibitor of type 1 pili and because 

of the presence of a high-molecular-weight constituent that blocks mannose-

resistant adhesion. It has been postulated that the juice acts on the 

gastrointestinal organisms to eliminate the source of infection rather than                   

on the bladder because recurrent but not acute UTIs were prevented.            

Daily consumption of cranberry juice cocktail has been demonstrated to cause 

bacteriuric elderly persons to become and remain abacteriuric. The use of 

cranberry juice cocktail in the hospital setting might be a paradigm for cheap and 

simple preventive intervention without the use of antibiotics or vaccines. 

Fascinating future aspects are also raised by new findings on so far 

unknown host defense mechanisms. As mentioned above, lung SP-A increases 

phagocytosis of Klebsiella by acting as an opsonin and by activating alveolar 

macrophages. Another surfactant protein (SP-D) has been reported to interact 

with bacterial LPS. It has been suggested that SP-D plays an important role in 
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the defense of the lungs against gram-negative bacteria. Investigations in the 

near future will show whether surfactant proteins may be useful in new 

therapeutic approaches and whether they are a meaningful addition to the 

management of nosocomial Klebsiella infections. 

2.3 Citrobacter 

The Citrobacter species, including Citrobacter freundii, are aerobic gram-

negative bacilli. Citrobacter freundii are long rod-shaped bacteria typically 1-5 μm 

in length (Wang et. al., 2000). Most C. freundii cells are surrounded by many 

flagella used to move about, but a few are non-motile. Its habitat includes the 

environment (soil, water, sewage), food, and the intestinal tracts of animals and 

humans (Wang et. al., 2000). It belongs to the family of Enterobacteriaceae.  

As an opportunistic pathogen, C. freundii is responsible for a number of 

significant opportunistic infections. It is known to be the cause of a variety of 

nosocomial infections of the respiratory tract, urinary tract, blood and several 

other normally sterile sites in patients (Whalen et. al., 2007). C. freundii 

represents approximately 29% of all opportunistic infections. Therefore, one of 

the chief reasons many different strains and plasmids of the C. freundii genome 

are being sequenced is in order to find antibiotics that can fight these 

opportunistic infections.  

Surprisingly, this infectious microbe in humans plays a positive role in the 

environment. C. freundii is responsible for reducing nitrate to nitrite in the 

environment (Puchenkova, 1996). This crucial conversion is an important stage 

in the nitrogen cycle. And recycling nitrogen is very essential because the earth's 

atmosphere is about 85% nitrogen (Puchenkova, 1996). Therefore, due to its 

important contribution to the environment is another motivation for sequencing 

the genome of C. freundii.  
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The Citrobacter genus was discovered in 1932 by Werkman and Gillen. 

Cultures of C. freundii were isolated and identified in the same year from soil 

extracts (Wang et. al., 2000).  

 2.3.1 Genome structure 

No information about the complete genome of C. freundii is available 

online, although some individual strains and plasmids of the microbe have been 

sequenced. The most prominent one is the plasmid pCTX-M#3 because it is the 

largest plasmid and encodes a large amount of proteins. Its sequence was 

completed on January 6, 2005. It is a circular DNA plasmid and it is 89,468 

nucleotide base pairs long. The length of the plasmid is 0.089468 (Mbp). It is 

composed of 51.0% GC content, and encodes 105 proteins.  

Another important feature of the C. freundii genome is that it is the only 

microbe in the Enterobacteriaceae family that contains a plasmid which encodes 

L-methionine γ-lyase (MGL). The nucleotide sequence of the plasmid contains a 

3000 bp long EcoRI insert (Llaya et. al., 2005). The fragment also contains two 

open reading frames. The first frame consists of 1,194 nucleotides, and the 

second, 1,296 nucleotides. The first frame, known as the megL gene, encodes a 

protein of 398 amino acid residues that has sequence homology with MGLs from 

different sources. The second frame encodes a protein with sequence homology 

with proteins belonging to the family of permeases (Llaya et. al., 2005).  

The C. freundii OS60 AmpC β-lactamase gene has also been sequenced 

and it is composed of 1197 nucleotides. It encodes a 380 amino acid long 

precursor and contains a 19 residue signal peptide in the 5’ end (Lindberg et. al., 

1985). This gene encodes a mature protein that has a molecular mass of 39781 

Daltons. The amino acid positions in these precursor are surprisingly identical to 

residues in the E. coli K12 chromosomal AmpC β-lactamases (Lindberg et. al., 

1986).  
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Another important strain in the genome of C. freunii is GN346, which is a 

clinical isolate recovered in 1965. This strain produces the enzyme 

cephalosporinase, which has the ability to hydrolyzes and inactivate the 

antibiotics cephalosporins and cephamycins (Tsukamoto et. al., 1990).                     

The structural and promoter regions of the cephalosporinase gene are 1408 

nucleotides long. The amino acid sequence of the mature enzyme, is composed 

of 361 amino acids with a molecular mass of 39,878 Da (Tsukamoto et. al., 

1990).  

 2.3.2 Cell structure and metabolism 

The cell structure of C. freundii is long and rod-shaped usually 1-5 μm in 

length. The outside of the cell contains many flagella used for motality (Wang et. 

al., 2000). Since C. freundii is Gram-negative bacteria, it contains two 

membranes (inner and outer). The periplasmic space lies in between the two 

membranes. The outer membrane does not contain an energy source; but it does 

contain many porins embedded within that help the organism acquire important 

ions (Wang et. al., 2000). Unlike Gram-positive bacteria, C. freundii cells do not 

contain a thick cell wall made up of peptidoglycan.  

For metabolism, C. freundii has an amazing ability to grow on glycerol as 

the sole carbon and energy source. In this process, glycerol is fermented by a 

dismutation process. This process requires two pathways (Keevil et. al., 1997).  

In the first pathway, glycerol is dehydrogenated by a NAD1-linked glycerol 

dehydrogenase to dihydroxyacetone. The dihydroxyacetone is then 

phosphorylated and funneled to glycolysis by dihydroxyacetone kinase (Keevil et. 

al., 1997). In the second pathway, glycerol is dehydrated by the coenzyme            

B12-dependent glycerol dehydratase to form 3-hydroxypropionaldehyde.                

This product is reduced to the major fermentation product 1,3-propanediol by the 

NADH-linked 1,3-propanediol dehydrogenase, which regenerates NAD1.              
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The dha regulon encodes the four essential enzymes of these two pathways. 

Amazingly, the expression of the dha regulon is only induced when glycerol is 

present.  

Cells of C. freundii are also able to metabolize lactose or citrate as a 

carbon source.  

2.3.3  Ecology 

Citrobacter freundii are commonly found in the environment, mainly in soil, 

water, and sewages. They are an indicator of potential contamination of water. 

They are also found on different organs of diseased animals, including mammals, 

birds, reptiles, and amphibians (Wang et. al., 2000). They are not known to 

interact with other organism.  

In the environment, C. freundii can convert nitrate or the ammonium ion 

(which is a nitrogen atom combined with four hydrogen atoms) to nitrite; this 

reaction occurs in the environment as well as within the digestive tract of humans 

and other animals (Puchenkova, 1996). After it converts nitrate to nitrite in the 

environment, the nitrite is converted to nitrogen, and this final step completes the 

nitrogen cycle in the earth's atmosphere, which is made up of 85% nitrogen 

(Puchenkova, 1996). This organism's ecological role not only includes its 

important role in the nitrogen cycle, because it can also accumulate uranium 

(which is the basic material for nuclear technology) by building phosphate 

complexes.  

Citrobacter freundii has also been investigated for biodegradation of tannic 

acid used in tannerys (Puchenkova, 1996).   
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2.3.4   Pathology 

As an opportunistic pathogen, Citrobacter freundii is often the cause of 

significant opportunistic infections, meaning that it does not generally cause 

disease in healthy human hosts. They only affect patients with a weak immune 

system, signifying that they need an "opportunity" to infect the person (Whalen 

et. al., 2007). Therefore, in patients with a suppressed immune system, 

Citrobacter species are known to cause a wide variety of nosocomial infections of 

the respiratory tract, urinary tract, and the blood (Whalen et. al., 2007).            

Hepatic, biliary and pancreatic diseases are also common diseases that are 

caused by C. freundii. The biliary tract is the most common site of infection by the 

C. freundii bacilli (Marco Sanchez et. al., 1985).  

One fatal disease that C. freundii has been associated with is neonatal 

meningitis. Neonatal meningitis is the inflammation of the meninges (the system 

of membranes which surround the CNS) due to bacterial invasion (Julie et. al., 

1985). The mortality rate of Citrobacter meningitis is unacceptably high, with 

death rates of patients ranging from 25 to 50 %. Moreover, serious neurological 

problems still persist in 75% of survivors. In this disease, Citrobacter freundii is 

able to penetrate the blood-brain barrier that consists of the choroid plexus 

epithelium and the brain capillary endothelium (JulieL et. al., 1985).  

Tests performed by Badger et. al., in the article “Citrobacter freundii 

Invades and Replicates in Human Brain Microvascular Endothelial Cells” suggest 

that bacterial proliferation of C. freundii takes place at the intracellular level, 

which had been contrary to the general scientific thought. The findings indicate 

that C. freundii traverses vacuoles, replicates and is released into the basolateral 

side of the human brain microvascular endothelial cells (HBMEC) in order to 

cross the blood-brain barrier. Further analysis may potentially allow for 
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therapeutic strategies to treat infections. There is still no therapeutic treatment 

available (Badger et. al., 1999).  

Certain diseases studied in trout and cyprinids are also caused by                  

C. freundii. C. freundii causes abnormal inflammatory changes in the intestine of 

trout and inflammatory and necrotic changes in the internal organs of cyprinids. 

The illness was discovered by means of artificial infection with a pure culture of 

C. freundii. This discovery established C. freundii as a cause of fish disease 

(Drelichman et. al., 1985).  

In a case study by the Journal of Medical Microbiology, a patient 

developed peritonitis and tunnel infection due to Citrobacter freundii which is 

uncommon. The patient was on continuous ambulatory peritoneal dialysis. 

Usually the causing agents are Gram-positive micro-organisms, particularly 

Staphylococcus aureus and Staphyloccus edpidermis. Also there are no known 

reports of tunnel infection due to C. freundii. Initial antibiotic therapy did not work 

and the infection continued to persist until the catheter was removed. This is 

clinically significant because Citrobacter freundii show different antibiotic 

susceptibility which is why initial therapy was not successful. The patient did not 

respond to treatment until the catheter was removed showing Citrobacter freundii 

are opportunistic pathogens that affect hospitalized and immunocompromised 

patients (Dervisoglu et. al., 2008).  

2.3.5 Current Research 

A small scale research concerning certain strains of C. freundii was done 

recently at the University of Tennessee, Knoxville. The importance of certain 

tetracycline and streptomycin resistance genes and class 1 integrons in             

C. freundii isolated from dairy farm soil and nondairy soils were evaluated.            

One strain of C. freundii extracted from dairy farm soils carried class 1 integrons 

with different inserted gene cassettes. Results of this small study suggested that 
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the presence of multiple resistance genes and class 1 integrons in C. freundii in 

dairy farm soil may act as a reservoir of antimicrobial resistance genes and could 

play a role in the dissemination of these antimicrobial resistance genes to other 

commensal and indigenous microbial communities in soil. However, additional 

longer-term studies conducted in more locations are needed to support this 

hypothesis (Srinivasan et. al., 2007).  

A second research concerning C. freundii was done in order to devise a 

polymerase chain reaction (PCR) method that simultaneously uses three pairs of 

specific primers to detect genes of certain microbes (including C. freundii).             

The method included designing three primer pairs which were: SPVC-1 and 

SPVC-2, INVA-1 and INVA-2; and VIAB-1 and VIAB-2. PCR was performed 

using these three primers to identify 14 clinically important bacterial organisms. 

The following strains were quickly identified using the PCR: (1) C. freundii;                

(2) S. typhi; and S. paratyphi C; (3) S. dublin (virulence antigen-positive); and           

(4) Salmonella serovars that harbor an spv-type virulence plasmid. Although this 

PCR method is new, with the advance of technology in the future this method 

can allow the identification of C. freundii in mammals immediately so that 

appropriate antibiotic treatment can be initiated without delay (Sanchez-

cespedes and Vila, 2007).  

A third study concerning C. freundii was done at the University of 

Barcelona, Spain. The mechanisms of resistance to fluoroquinolones in two 

Citrobacter freundii strains were studied. Both strains were isolated from the 

same patient. This study allowed partial characterization of the acrA and acrB 

genes of this microorganism. Expression of genes in both strains was analysed 

using DNA micro-arrays for Escherichia coli. Nucleotide similarity between the 

partially sequenced acrA and acrB genes of C. freundii and E. coli was                

80.7% and 85%, respectively. The acrA and acrB genes of C. freundii are similar 

to those in E. coli and their over expression may play an important role in 
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modulating the final minimum inhibitory concentration of fluoroquinolones 

(Cigerci et. al., 2007).  

A fourth study concerning C. freundii was done in Taiwan. A team of 

researchers isolated a diabetic patient that developed necrotizing fasciitis which 

was caused by C. freundii from an injury incited by a marine animal.             

Necrotizing fasciitis is an infection within the deeper layer of the skin and 

subcutaneous tissues. When treating the patient they took a sample from the 

fluid in the wound and found C. freundii. After three days of starting the antibiotic 

treatments with cefotaxmine and cefepmine, there was accumulation of 

subcutaneous abscesses. After 6, 10, 14, and 21 days of tending to the patient, 

some antibiotics were giving the patient some relief, but no long term recovery 

was reached. Cefotoaxime, cefepime, ciprofloxamin are among the antibiotics 

that were no match for C. freundii. The patient fully recovered after 42 days of 

ertapenem treatment. The researchers had isolated two colonies of C. freundii 

within 5 days of each other. As the isolates were grown they became immensely 

resistant to cefotaxime and cefepime. The reason why entrapenem worked 

against C. freundii is because is active against AmpC producing 

Enterobacteriaceae.  

2.3.6 Antibiotic resistance 

Citrobacter species are a common cause of nosocomial infections 

associated with patients that are undergoing prolonged hospital treatments.            

C. freundii has recently been reported to express resistance to broad-spectrum 

antibiotics including piperacillin, piperacillin, tazobactam, vancomycin and 

cephalosporins. Isolation of ceftriaxone-resistant Citrobacter freundii (CRCF) has 

been associated with the over prescribed broad spectrum antibiotics.                      

The emerging new CRCF strains could suggest induction or depression of 

resistance genes as well as elimination of competing organisms. CRCF has been 

mostly isolated from patients with significant comorbidities including AIDS, 
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peripheral vascular disease, and cerebrovascular disease. The usage of 

fluoroquinolone has also been reported to have no affect against the isolation of 

CRCF (Kim et. al., 2003).  

Citrobacter freundii is also known to contain in its chromosome a gene 

coding for cephalosporinase. This enzyme hydrolyses −CO−NH− bond in the 

lactam ring of cephalosporins and cephamycis thus rendering the bacteria 

resistant to this type of antibiotics. However, when exposed to new third 

generation cephems and cerbapenems, clinically isolated C. freundii showed 

sensitivity to those substances. A small outbreak of C. freundii resistant to third 

generation cephems has been observed in the surgical ward of                      

Nagoya University Hospital in patients that underwent surgical procedures.               

The C. freundii was isolated from patient's bile, wound gauze, feces, pus, and 

ascites. It was suggested that these new strains of C. freundii contained a 

plasmid encoding AmpC celphalosporinase but upon failure to transfer the 

cephems resistance from C. freundii to E. coli it was concluded that the enzyme 

must be encoded in the chromosome of C. freundii. Since C. freundii is 

associated with nosocomial infections caution to this new strains is 

recommended (Nada et. al., 2004).  

2.3.7   Treatment: 

Antimicrobial therapy is indicated in virtually all Enterobacter infections.  

With few exceptions, the major classes of antibiotics used to manage 

infections with these bacteria include the beta-lactams, carbapenems, the 

fluoroquinolones, the aminoglycosides, and TMP-SMZ. Because most 

Enterobacter species are either very resistant to many agents or can develop 

resistance during antimicrobial therapy, the choice of appropriate antimicrobial 

agents is complicated. Consultation with experts in infectious diseases and 

microbiology is usually indicated. In 2006, Paterson published a good review of 
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resistance among various Enterobacteriaceae (Nada et. al., 2004). Ritchie et. al. 

(2009) published a good discussion regarding antibiotic choices for infection 

encountered in the ICU (Zhang et. al., 2011). 

Newer options include tigecycline. Although not indicated specifically for 

Enterobacter pneumonia or bloodstream infections, tigecycline has excellent            

in vitro activity against these Gram-negative bacilli (Jacoby, 2009, HellerI et. al., 

2012, Deshpande et. al., 2010). In one laboratory study of multidrug-resistant 

Gram-negative bacilli, tigecycline maintained a low MIC against all of the 

organisms. Older options might include intravenous administration of polymyxin 

B or colistin, drugs that are rarely used, even in large medical centers, and for 

which standard susceptibility criteria are not available. A study of 89 carbapenem 

non-susceptible Enterobacteriaceae isolates from China showed that polymyxin 

B was much more active than tigecycline (Bush et. al., 1995).  

Beta-lactams  

With rare exceptions, E. cloacae, E. aerogenes, and most other 

Enterobacter species are resistant to the narrow-spectrum penicillins that 

traditionally have good activity against other Enterobacteriaceae such as E. coli 

(e.g., ampicillin, amoxicillin) and to first-generation and second-generation 

cephalosporins (e.g., cefazolin, cefuroxime). They also are usually resistant to 

cephamycins such as cefoxitin. Initial resistance to third-generation 

cephalosporins (e.g., ceftriaxone, cefotaxime, ceftazidime) and extended-

spectrum penicillins (e.g., ticarcillin, azlocillin, piperacillin) varies but can develop 

during treatment. The activity of the fourth-generation cephalosporins (e.g., 

cefepime) is fair, and the activity of the carbapenems (e.g., imipenem, 

meropenem, ertapenem, doripenem) is excellent. However, resistance has been 

reported, even to these agents.  
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The bacteria designated by the acronym SERMOR-PROVENF                      

(SER = Serratia, MOR = Morganella, PROV = Providencia, EN = Enterobacter,                   

F = freundii for Citrobacter freundii) have similar, although not identical, 

chromosomal beta-lactamase genes that are inducible. With Enterobacter, the 

expression of the gene AmpC is repressed, but derepression can be induced by 

beta-lactams. Of these inducible bacteria, mutants with constitutive hyper-

production of beta-lactamases can emerge at a rate between 105 and 108.  

These mutants are highly resistant to most beta-lactam antibiotics and are 

considered stably derepressed.  

AmpC beta-lactamases are cephalosporinases from the functional group 1 

and molecular class C in the Bush-Jacoby-Medeiros classification of beta-

lactamases. They are not inhibited by beta-lactamase inhibitors (e.g., clavulanic 

acid, tazobactam, sulbactam). Ampicillin and amoxicillin, first- and second-

generation cephalosporins, and cephamycins are strong AmpC beta-lactamase 

inducers. They are also rapidly inactivated by these beta-lactamases; thus, 

resistance is readily documented in vitro but may emerge rapidly in vivo.           

Jacoby (2009) recently published a good discussion about the emerging 

importance of AmpC beta-lactamases (Woodford et. al., 2007). 

Third-generation cephalosporins and extended-spectrum penicillins, 

although labile to AmpC beta-lactamases, are weak inducers. Resistance is 

expressed in vitro only with bacteria that are in a state of stable derepression 

(mutant hyper-producers of beta-lactamases). However, the physician must 

understand that organisms considered susceptible with in vitro testing can 

become resistant during treatment by the following sequence of events:                    

(1) induction of AmpC beta-lactamases, (2) mutation among induced strains,             

(3) hyperproduction of AmpC beta-lactamases by mutants (stable derepression), 

and (4) selection of the resistant mutants (the wild type sensitive organisms 

being killed by the antibiotic).  
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For unknown reasons, extended-spectrum penicillins are less selective 

than third-generation cephalosporins. The in-therapy resistance phenomenon is 

less common with carboxy, ureido (e.g., piperacillin), or acylaminopenicillins.  

This phenomenon has been well documented as a cause of treatment failure with 

pneumonia and bacteremia; however, the phenomenon is rare with UTIs.  

The fourth-generation cephalosporins are relatively stable to the action of 

AmpC beta-lactamases; consequently, they retain moderate activity against the 

mutant strains of Enterobacter, hyperproducing AmpC beta-lactamases.   

Carbapenems are strong AmpC beta-lactamase inducers, but they remain 

very stable to the action of these beta-lactamases. As a consequence, no 

resistance to carbapenems, either in vitro or in vivo, can be attributed to AmpC 

beta-lactamases. However, Enterobacter species can develop resistance to 

carbapenems via., other mechanisms. The New Delhi metallo-beta-lactamase 

(NDM-1) has affected Enterobacter species around the world (Souli et. al., 2008, 

Pintabo et. al., 2008, Gupta et. al., 2009). 

The production of extended-spectrum beta-lactamases (ESβLs) has been 

documented in Enterobacter. Usually, these ESβLs are TEM1 -derived or SHV1 -

derived enzymes, and they have been reported since 1983 in Klebsiella 

pneumoniae, Klebsiella oxytoca, and E. coli. Bush et al classify these ESβLs in 

group 2be and in molecular class A in their beta-lactamase classification.             

The location of these enzymes on plasmids favors their transfer between bacteria 

of the same and of different genera. Many other Gram-negative bacilli may also 

possess such resistant plasmids.  

Among Enterobacter species, reports indicate that E. aerogenes has been 

the most common carrier of ESβL. Unlike the AmpC beta-lactamases, these 

enzymes are encoded by plasmid DNA and do not possess a molecular 
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mechanism of induction or stable derepression. They are inactivated by the beta-

lactamase inhibitors and remain susceptible to cefoxitin (testing cefoxitin is then 

a useful tool to help differentiate AmpC beta-lactamases from ESβLs).  

Bacteria-producing ESβLs should be considered resistant to all 

generations of cephalosporins, all penicillins, and to the monobactams such as 

aztreonam, even if the in vitro susceptibilities are in the sensitive range according 

to the CLSI breakpoints. In the past, the CLSI has cautioned physicians 

regarding the absence of a good correlation with susceptibility when its 

breakpoints are applied to ESβL-producing bacteria.  

In 1999, the CLSI published guidelines for presumptive identification and 

for confirmation of ESβL production by Klebsiella and E. coli, guidelines that are 

often applied to other Enterobacteriaceae. From the above, one can conclude 

that, when a bacterium of the genus Enterobacter produces ESβL(s) (more than 

1 ESβL can be produced by the same bacteria), it does so in addition to the 

AmpC beta-lactamases that are always present, either in states of inducibility or 

in states of stable derepression. With stable derepressed mutants, ESβL is 

almost impossible to detect unless molecular methods such as polymerase chain 

reaction (PCR) or isoelectric focusing (IEF) electrophoresis are used.                      

For inducible strains, no recommendations have been issued by the CLSI for the 

detection of ESβL (i.e., if PCR and IEF electrophoresis are not readily available).  

Carbapenems are the most reliable beta-lactam drugs for the treatment of 

severe Enterobacter infections, and fourth-generation cephalosporins are a 

distant second choice. The association of an extended-spectrum penicillin with a 

beta-lactamase inhibitor remains a controversial issue for therapy of                      

ESβL-producing organisms.  
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Resistance to carbapenems is rare but has been reported and is 

considered an emerging clinical threat posed by Enterobacter species, as well as 

by other Enterobacteriaceae (Souli et. al., 2008, Pintabo et. al., 2008). The beta-

lactamases first implicated in imipenem resistance were NMC-A and IMI-1, both 

molecular class A and functional group 2f carbapenemases, which are inhibited 

by clavulanic acid and then able to hydrolyze all the beta-lactams not associated 

with a beta-lactamase inhibitor.  

Hyperproduction (stable derepression) of AmpC beta-lactamases 

associated with some decrease in permeability to the carbapenems may also 

cause resistance to these agents. In vitro low-level ertapenem resistance was not 

associated with resistance to imipenem or meropenem, but high-level ertapenem 

resistance predicted resistance to the other carbapenems (Gales et. al., 2006) 

Metallo-beta-lactamases cause resistance across the carbapenem class, are 

transmissible, and have been associated with clinical outbreaks in hospitals 

worldwide. In one reported outbreak of 17 cases of infection (2 due to 

Enterobacter species), molecular studies demonstrated presence of a gene 

belonging to bla (VIM-1) cluster (Walkty et. al., 2009) KPC-type carbapenemases 

have emerged in New York City. The new NDM-1 carbapenemase has already 

rapidly spread to many countries (Keevil and Hough, 1997). 

Aminoglycoside resistance is relatively common and varies widely among 

centers. As with other members of Enterobacteriaceae, this resistance results 

from the production of different aminoglycoside-inactivating enzymes.   

Resistance to fluoroquinolones is relatively rare but may be high in some parts of 

the world. 

Resistance to TMP-SMZ is more common. Colistin and polymyxin B: 

These drugs are being used more frequently to treat serious infection caused by 

multidrug-resistant organisms, sometimes as monotherapy or in combination with 
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other antibiotics. Clinical experience, including documentation of success rates 

and attributable mortality is broadening (Hawser et. al., 2009, Bassetti et. al., 

2007). Heteroresistance to colistin was demonstrated in a few Enterobacter 

isolates collected from ICU patients and was best identified using broth 

microdilution, agar dilution, or E-test methods (Yang et. al., 2010). Polymyxin B 

was not as active against Enterobacter species as it was against other 

Enterobacteriaceae but did demonstrate an MIC50 of less than or equal to 1, with 

83% of Enterobacter isolates considered susceptible (Abbott and Janda, 1997). 

One recent in vitro study documented a colistin MIC90 of 2 mcg/mL or less in 

more than 90% of Enterobacter isolates from Canada (Alhambra et. al., 2004). 
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CHAPTER - III 
MATERIALS AND METHODS  

 
MATERIALS  
Media: 
1) Peptone Broth:            

 Peptone   -  5 grams 

 Distilled water       - 1000 ml 

 pH                     -  7.2 

2) Brain heart infusion media (pH 7.4) 
Infusion from calf brain     - 200 g 

Infusion from beef heart    -  250 g 

Peptone                            -  10 g 

Disodium phosphate       -  2.5 g 

Sodium chloride               -    5.0 g 

Dextrose                        -  2.0 g 

Agar                             - 1.0 g 

Distilled water                  -  1000 ml 

3) Nutrient Broth (pH 7.2) 
 Peptone                    -  5 gms 

Beef Extract              -  3 gms 

Sodium Chloride        - 3 gms 

Distilled water           - 1000 ml 

4) Nutrient agar Media (pH 7.2) 
Peptone                    -  5 gms 

Beef Extract              - 3 gms 

Sodium Chloride       -  3 gms 

Distilled water           - 1000 ml 

Agar                           -  16 g 
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5) Mac Conkey’s Agar Media (pH 7.1) 
Peptone                                 - 20 g 

Sodium chloride                    - 5 g 

Bile salts                                 - 1.5 g 

Lactose                                    - 10 g 

Neutral red solution (1% aqueous) - 10 ml 

Crystal violet                             - 0.001 g 

Distilled water                           - 1000 ml 

Agar                                           - 16 g 

6)  Blood Agar Media (pH 7.3) 
Infusion from beef heart                   - 500 g 

Tryptone                                             - 10 g 

Sodium chloride                                  - 5 g 

Distilled water                                      - 1000 ml 

Agar                                                       - 15 g 

 Dissolve all the ingredients and autoclave at 1210C for 15 min. cool to           

45-500C and add 50 ml of sterile defibrinated sheep blood, aseptically. Rotate to 

mix thoroughly, avoiding accumulation of air bubbles and pour immediately into 

sterile tubes or plates i.e., before solidification. 

7) Citrate Agar Media (pH6.8) 
Magnesium sulphate                              - 0.2 g 

Sodium chloride                                     - 5 g 

Ammonium dihydrogen phosphate        - 1 g  

Dipotassium hydrogen phosphate          - 1 g 

Sodium citrate (citric acid)                       - 2 g 

Bromothymol blue                                    - 0.08 g 

Distilled water                                          - 1000 ml 

Agar                                                         - 20 g 
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8) Eosin Methylene Blue Agar Media (EMB) (pH 7.2): 
Peptone                                   - 10 g 

Lactose                                      - 5 g 

Sucrose                                       - 5 g 

Disodium hydrogen phosphate  - 2 g 

Eosin Y                                       - 0.4 g 

Methylene blue                         - 0.065 g 

Agar                                            - 15 g 

Distilled water                              - 1000 ml 

9) MR-VP Broth (pH 6.9): 
Peptone                                 - 7 g 

Potassium phosphate             - 5 g 

Dextrose                                   - 5 g 

Distilled water                          - 1000 ml 

10) Muller’s Hinton’s Agar Meida (pH 7.4) 
Beef infusion                               - 300 g 

Casamino   acids                        - 17.5 g 

Starch                                          - 1.5 g 

Agar                                           - 17 g 

Distilled water                          - 1000 ml 
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METHODS: 
3.1 Selection of individuals: 

For the isolation of lactose fermenting Enterobacteriaceae from the clinical 

and different laboratory samples and before that selection of individuals is very 

important because we have selected different age groups and from that different 

sex groups also we categorized. It is very important aspect to study and also 

distinguish the one individual to other individuals.  

3.2) Collection of clinical samples: 
 Isolation and identification of Enterobacteriaceae species from different 

clinical laboratory amples. Collection of clinical samples: Collect the different 

clinical samples like Urine, pus, sputum, blood, faecal matter, etc from different 

clinical laboratories and hospitals twice or trice a week and transport he samples 

to lad with transport media and kept for incubation. Isolation of lactose fermenting 

Enterobacteriaceae: Collected samples are incubated and after incubation 

inoculated in to the separate culture media plates with different media. kept for 

incubation then observe the colonies on the media some get lactose fermenting 

colonies and they are very small and pink in colour and non lactose fermenting 

colonies are colourless. Further studies are carried out by using other 

morphological, staining and Biochemical methods are used for identification. 

3.3) Enrichment of samples:  
 In this study  collected samples are enriched by using  initially samples are 

added to some broth  media for proper growth  as pre innoculum and kept  for 

incubation period  after incubation  all the cultures are transferred to the different 

media for the isolation of lactose fermenting Enterobacteriaceae. 

3.4) Isolation of Lactose fermenting Enterobacteriaceae: 
   All the collected and enriched samples are using for the isolation of 

lactose fermenting Enterobacteriaceae by different culture media like Nutrient 

agar, MacConkey agar, EMB agar etc and after proper growth occurs on the 

media, further used for morphological, cultural and biochemical characteristics. 
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3.5) Cultural characteristics: 
MacConkey’s Agar media:  

This media is selective media for the growth of the lactose fermenting 

organisms in some times contaminating organisms also grows so, further 

identification is essential. 

Screening of lactose fermenting organisms: Further screened lactose 

fermenting organisms by using different biochemical studies like sugar 

fermentation, IMVIC tests. 

Lactose fermenters are divided into two groups on the basis of indole test: 
i) Indole positive group of lactose fermenters 
ii) Indole negative group of lactose fermenters 
i) Indole positive group includes: E. coli, Citrobacter species (other than 

Citrobacter freundii) Klebsiella oxytoca. These further differentiate on the basis of 

their ability to grow on Simmons citrate medium, Urease and indole test.  

ii) Indoel Negative group includes: Citrobacter freundii, klebsiella pneumonia 

and Enterobacter species, enterobacter are differentiate from other by H2S 

production in iron agar. Klebsiella and Enterobacter are differentiated by growth 

in Simmons citrate medium and urease test.  

3.6) Biochemical characteristics for the isolation of lactose fermenting  
         enterobacteriacece: 
i) Indole Production test: 

Tryptophan, an essential amino acid, is oxidized by some bacteria by the 

enzyme tryptophan resulting in the formation of indole, pyruvic acid and 

ammonia. The indole test is performed by inoculating a bacterium into tryptone 

broth, the indole produced during the reaction in detected by adding Kovac’s 

reagent (dimethylaminobenzaldehyde) which produces a cherry-red reagent 

layer. 
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ii) MR-VP test (Methyl red and Yoges-Proskauer test) 
The methyl red (MR) and the Yoges-Proskauer (V-P) tests are used to 

differentiate two major types of facultatively anaerobic entric bacteria that 

produce large amounts of acid and those that produce the neutral product 

acetoin as end product. Both these are performed simultaneously because they 

are physiologically related and are performed on the same medium MR-VP broth. 

Opposite results are usually obtained for the methyl red and Yoges–Proskauer 

tests, i.e., MR+, VP- or MR- , VP+. 

MRVP tests are of value in the separation of Escherichia coli and 

Enterobacter aerogens (both coliform bacteria) which appear virtually identical 

except for certain physiological differences that are used as indicators of the 

sanitary quality of water, food, food productions and eating establishments. 

iii) Citrate Utilization Test: Citrate test is to differentiate among enrtic bacteria 

on the basis of their ability to utilize ferment citrate as the sole carbon source. 

The utilization of citrate depends on the presence of an enzyme citrase produced 

by the organisms that breaks down the citrate to oxaloacetic acid and acetic acid. 

These products are later converted to pyruvic acid and carbon dioxide. 

The citrate test is performed by inoculating the microorganisms into an 

organic synthetic medium, Simmon’s citrate agar, where sodium citrate is the 

only source of carbon and energy. Bromothymol blue is used as an indicator. 

When the citric acid is metabolized, the CO2 generated combines with sodium 

and water to form sodium carbonate an alkaline product, which changes the 

colour of the indicator from green to blue and this constitutes a positive test. 

iv) Urease test: 
Urea is a major organic waste product of protein digestion in most 

vertebrates and is excreted in the urine. Some microorganisms have the ability to 

produce the enzyme urease. The urease is a hydrolytic enzyme which attacks 

the carbon and nitrogen bond amide compounds (e.g., urea). With the liberation 
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of ammonia it is a useful diagnostic test for identifying bacteria, especially to 

distinguish members of the Enterobacteriaceae. 

This test is performed by growing the test organisms on urea broth or agar 

medium containing the pH indicator phenol red during incubation, 

microorganisms possessing urease will produce ammonia that raises the pH of 

the medium/broth. As the pH becomes higher, the phenol red changes from a 

yellow colour to a red or deep pink colour. 

v) Hydrogen sulphide production: 
Hydrogen sulphide (H2S) commonly called ‘rotten egg’ gas because of the 

copious amounts liberated, when eggs decompose, by certain bacteria, such as 

Proteus vulgaris, E. coli through reduction of sulphur containing amino acids 

(e.g., cystein, cysteine and methionine) or through the reduction of inorganic 

sulphur compounds such as thiosulfates, sulfates or sulfites blackening of the 

culture medium will be seen in Enterobacteriaceae species which are positive 

test for H2S production. 

3.7) Antimicrobial susceptibility pattern:  
Totally all isolates are subjected to test antimicrobial susceptibility test.  

Our objective is to study resistance to the commonly used conventional 

antibiotics in this area. Penicillin, ampicillin, amoxicillin, gentamycin, tetracycline, 

erythromycin, methicillin and vancomycin the disc diffusion method for in vitro 

antibiotics susceptibility test Kirby – Bauer was used in the study.   
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Chapter-IV 
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CHAPTER - VI 
RESULTS AND DISCUSSION 

 

4.1 Isolation and Characterization of Lactose Fermenting  
           Enterobacteriaceae and Incidence of Intestinal Gastroenteritis in  
           Gulbarga Region: 
 

The present investigation was carried out during the period from 

November 2010 – November 2012. During this period, the Gulbarga region has 

witnessed several intestinal gastroenteritis outbreaks. Efforts were made to 

collect the samples from the patients affected during these outbreaks. In addition, 

samples from patients suffering from diarrhea and other intestinal infections and 

admitted to hospitals also formed the basis for this study. Overall a total               

1500 samples (850 males and 650 females) from patients affected individuals 

formed the source of the samples. The age and sex wise distribution of these 

subjects is indicated in the Table – 4.1 and Figure - 1.  

The sex wise incidence rate of lactose fermenting Enterobacteriaceae 

indicated a significantly higher incidence in small children and adults are more 

sufferer than the middle age and more lactose fermenting Enterobacteriaceae 

strains isolated from the adult females than males.  

The incidence of lactose fermenting Enterobacteriaceae organisms 

ranged from a minimum of 10.3% in the age group of below 5 years to a 

maximum of 10.5% in the age group of 44-55 years. The age groups of young           

5-15 years and middle aged 35-45 years recorded an incidence of Gram 

negative Enterobacteriaceae higher than the average incidence. 

The age wise distribution of isolation rate indicated a slightly different trend in 

males and females. In case of males its ranges from a minimum of 80% in the age 

group of 25-30 years to a maximum of 11.5% in the age group of 45-50 onwards. 

However in both males and females the age groups of 5-10 and 31-45 years and in 

females the age group 25-35 years recorded. Lactose fermenting 

Enterobacteriaceae incidences higher than their respective averages in addition to 

the age group, this is recorded the highest incidence in each sex. 
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Table – 4.1: Age and sex distribution of patients suffering from  
                           Enterobacteriaceae infections 
 

Sl. No Age Males Females Total 

1 Neonates (0-28 days) 02 05 07 

2 Pediatrics (1-10) 25 40 65 

3 Teenage (11-20) 60 80 140 

4 Adults (21-30) 75 98 173 

5 Middle age (31-40) 40 20 60 

6 Late middle (41-50) 20 25 45 

7 Old age (50 onwards) 25 35 60 
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Fig. – 4.1: Age and sex distribution of patients suffering from  
                         Enterobacteriaceae infections 
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Overall observations showed higher incidence of lactose fermenting 

Enterobacteriaceae among females (20%) than males (16.5%) with the highest 

incidence, the age wise distribution of lactose fermenting Enterobacteriaceae 

incidences indicated that the age groups late middle 41-55 and 55 onwards year 

both in males and females in more vulnerable for Urinary tract infections, 

followed by the age group 15-20 teenage years. significantly the lowest incidence  

of lactose fermenting Enterobacteriaceae Urinary tract infection in both  males 

and females is recorded in the young children’s below the age group of                   

1-10 years, closely followed by the incidence in older people above 55 years of 

age. This observation is in the country to the reports that the young children’s 

and old aged people are more susceptible for gastroenteritis, Urinary tract 

infections, diarrhea and enterotoxins infections. This observation suggests that 

majority of the Urinary tract infection, diarrhea infections recorded in these 

vulnerable age groups (more than 5 and above 55) are caused by ethiological 

agents other than E. coli, Klebsiella. This inference is strengthened when the 

observations recorded in a parallel study conducted during the same period and 

using almost the same samples on the incidence of toxigenic Escherichia coli 

(STEC) are taken into consideration. In this investigation, STEC are (Shigo toxic 

producing Escherichia coli) has been recorded as one of the major ethological 

agent of gastroenteritis in this region, out of the nearly 600 patients screened in 

only one occasion both V. cholera and STEC has been isolated together from the 

same sample. 

In addition, samples were collected from other sources such as human 

urine samples, pus samples, stool samples, watery stools, blood samples, 

sewage samples and serum samples etc. (Table – 4.2 and Figure 4.2).  
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Table – 4.2: Incidence of lactose fermenting Enterobacteriaceae in different  
                     samples 

Sl. No. Samples  No. of isolates % of isolation 
1 Faecal matter Sample 

L.F.E. 
400 
35 

 
09 

2 Urine sample Sample 
L.F.E. 

150 
20 

 
10 

3 Blood Sample Sample 
L.F.E. 

200 
25 

 
12.5 

4 Water sample Sample 
L.F.E. 

100 
12 

 
10.0 

5 Serum sample Sample 
L.F.E. 

200 
23 

 
11.12 

6 Sewage sample Sample 
L.F.E. 

100 
12 

 
12.0 

7 Pus Intestinal  Sample 
L.F.E. 

50 
05 

 
10.0 

L.F.E –Lactose fermenting Enterobacteriaceae 
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Fig. – 4.2: Sample wise incidence of Lactose fermenting 

Enterobacteriaceae 
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During the period of this investigation regular outbreaks of lactose 

fermenting Enterobacteriaceae infections and are common in all the seasons 

were reported from different places of clinical laboratories stools, urine, blood, 

sputum, sewage, pus sample, serum sample were collected from the clinical 

laboratories of the patient samples.  

The different samples and sample wise incidence of lactose fermenting 

Enterobacteriaceae and these samples from different diagnostic laboratories  in 

this region and maximum number organisms isolated form blood samples and 

sewage samples (12.2% and 11.5%) because these bacteria is contacted by the 

ingestion of contaminated water or food and is associated with poor hygienic and 

inadequate sanitation as a result these Enterobacteriaceae are endemic mainly 

in most of the developing countries in the world. These two samples are very 

good habitats of Enterobacteriaceae like E. coli, Klebsiella, Coilforms etc so, 

most of the lactose fermenting Enterobacteriaceae strains isolated from this 

samples. Next to these samples are serum and Intestinal diarrhaeal samples and 

the samples also containing more number lactose fermenting  

Enterobacteriaceae  especially in this samples nearly (11.2% and 10.1%).               

And other samples also containing in the most of the developing countries 

contaminated foods, especially under cooked seafood is the usual vehicle for 

transmission, while contaminated water is more pronounced in the developed 

countries (Glass et. al., 1991; Shapira et. al., 1999). Most of the infections 

through different sources and outbreaks of intestinal, diarrhaeal and gastroentritis 

infections cause deaths estimated around 1,20,000 annually world wide and 

large number of cases reported every year of which vast majority occur in 

children’s (WHO, 1995). 

 Isolation and characterization of lactose fermenting Enterobacteriaceae 

from different samples indicated that Enterobacteriaceae in this E. coli is the 

predominately present in the sewage samples and closely followed in the 
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intestinal discharge from the patients suffering from gastroenteritis. E. coli and 

Coliform strains have been frequently isolated from certain extra intestinal 

infections but are rarely isolated from others. As per the records of the sources of 

lactose fermenting Enterobacteriaceae are often isolated from blood and Urinary 

tract infections and rarely from wounds of arms, legs, infected eyes and ears, but 

they can occasionally occurs. 

Lactose fermenting Enterobacteriaceae has been found to be well 

adapted to the human intestinal tract. As per the report majority of the lactose 

fermenting Enterobacteriaceae isolates are from human faecal or intestinal 

samples. Significant incidence of coliforms and E. coli have been  recorded in 

water and sewage samples, the food samples and other animal sources are very 

low incidence of lactose fermenting Enterobacteriaceae. The observation of the 

present investigation to some extent agree with report in that majority of the 

lactose fermenting Enterobacteriaceae isolates are from human intestine, 

sewage and water samples. 

The isolation, incidence and characterization of Enterobacteriaceae from 

these samples are presented in this section. 

a) Microscopic Characteristics: 
All the isolates were subjected for microscopic observation for motility and 

gram’s staining. The results are presented in Plate 4.1 – 4.6 some of the isolates 

showing characteristic motility and some of them are non-motile and it is one of 

the very important characters to distinguish the motile and non-motile lactose 

fermenting Enterobacteriaceae. 

 When subjected for motility test also indicated the presence of highly 

motile bacteria showing darting motility characteristics and some of the 

Enterobacteriaceae are non–motile and few are very active like a E. coli 

organisms. Gram’s staining indicated the presence of Gram negative small rods 

and some of them are Gram-negative big rod shaped and most of the 
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Enterobacteriaceae are Gram negative rods, which are non-spore forming and 

some of them are capsulated. 
b) Cultural Characteristics:  

All the 1500 different samples collected from patients suffering from 

gastroentertitis and other infections were processed for the isolation of lactose 

fermenting Enterobacteriaceae using various cultural media. The cultural 

characteristics of the lactose fermenting organisms observed on different cultural 

media are as follows: 

On Nutrient broth: Different samples collected aseptically bring to the laboratory 

and inoculated on nutrient broth for few hours for incubation after incubation then 

transfer to the solid culture media. Further studies, if growth occurs the broth 

media turns to turbidity. 

On Peptone broth: It is also using as a transport media and if aseptically 

inoculate the collected samples into this peptone broth and then bring to the 

laboratory for further transfer or incubation and it is a liquid media and cells are 

very active in this broth. 

On Nutrient Agar: After incubation in the broth the samples are transfer into the 

Nutrient agar media and colonies were circular, small, 1-3 mm in diameter, pale moist, 

raised, translucent with colourless colonies appears after 18-24 hours incubation. 

On MacConkey’s agar: collected samples are inoculated on to the MacConkey 

agar media colonies were circular, small, lactose fermenting pink coloured,                

1-2 mm in diameter, translucent and some Enterobacteriaceae colonies are 

colourless because they are non-lactose fermenting organisms so, this media is 

very important to screen the lactose and non lactose fermenting 

Enterobacteriaceae. 
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Plate – 4.1: Lactose fermenting Macconkey agar 

                                
 

 
Plate – 4.2: Lactose fermenting organisms on EMB agar 
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Plate – 4.3: Lactose fermenting positive and lactose fermenting negative  
                    Enterobacteriacece 
 

 
Plate – 4.4: Lactose fermenting strains are pink in colour 
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Plate – 4.5 a): Lactose fermenting Enterobacteriacece on Blood agar media  
                        (Klebsiella Spp) 
 

     
Plate – 4.5 b): Klebsiella Spp. 
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a) E. coli 

 

 
b) Citrobacter 

               Plate – 4.6 (a) & (b): Lactose fermenting Enterobacteriacece on  
                                               MacConkey’s agar media  
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c) Biochemical characteristics: 
IMVIC Tests: 

IMVIC tests are the most widely used and preliminary biochemical tests 

very important tests for the differentiation of Enterobacteriaceae members.  

IMVIC includes for important tests for all the isolates were tested individually 

because these tests to differentiate some species like E. coli, Klebsiella and 

other members of the lactose fermenting Enterobacteriaceae (Table – 4.3 and 

Figure 4.7 to 4.12). 

The lactose fermenting are divided into two groups on the basis of indole 

test- Indole positive lactose fermenters and indole negative lactose fermenters.  

E. coli        -  I + U + C -   
K. oxytoca -  I + U + C + 
C. koseri     -  I + U + C +  
 

i) Indole positive group includes:  

E. coli, Citrobacter sp. Klebsiella oxytoca. These can be further 

differentiation on the basis of their ability to grow on Simmonsons citrate medium 

(C) Urease (U) and indole (I). Urease +ve strains of Citrobacter koseri can be 

differentiated from Klebsiella oxytoca on the basis of a group simple test like 

motility. Citrobacter are motile whereas K. oxytoca are non motile if it is in doubt 

capsular staining can be resorted to or methyl red (MR) test can be used but it 

will take 48 hrs for confirmation. 
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Table – 4.3: Biochemical characterization of lactose fermenting  
                    Enterobacteriaceae 

Test  E. coli Klebsiella C. koseri E. cloacae C. fereundii K. oxy 

Indole  + - + - + - 

Methyl red  + - - - + + 

V-P test - + - + - + 

Citrate  - + + + + + 

Lactose  + + + + + + 

Glucose  + + + + + + 

Mannitol + + + + + + 

H2S gas  - - - - + - 

Urease - - + + - + 

Nitrate Red - - + + - - 
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Plate – 4.7: Indole test 

 

 

 

 

 

 

 

 

 

 

 

 
 

Plate – 4.8: Voges Praskauer test 
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Plate – 4.9: Citrate Utilization Test 

 

 
Plate – 4.10: Urease Test 
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Plate – 4.11: Nitrate Reductions Test 

 

 
Plate – 4.12: Lactose fermenting negative hydrogen sulphide and indole  
                       Positive 
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ii) Indole negative group includes:  

Citrobacter freundii, Klebsiella pneumonia, Enteobacter species. 

Citrobacter freundii can be differentiated from others by H2S production in Klinger 

iron agar (KI) Klebsiella and Enterobacter are differentiated by growth in 

Simmons citrate medium and Urease test. 

Citrobacter freundii    -  I +  U -/+   C +/- 

H2S 

Enterobacter aerogenes A/A in the gas  -  I – U - C +  

Klebsiella pneumonia   A/A with gas    -  I – U + C +  

Enterobacter cloacae                             -  I - U + C +  

 Urease positive strains of E. cloacae are differentiated from Klebsiella with 

the help of motility, when necessary urease negative strains of E. cloacae can be 

differentiated from E. aerogens on the basis of lysine and ornithine 

decarboxylase tests. E. aerogenes with decarboxylate lysine and E. cloacae with 

decarboxylate orginine.  

4.2. Incidence of lactose fermenting Enterobacteriaceae: 
a) Location wise incidence of lactose fermenting Enterobacteriaceae: 
 Samples were collected from different clinical diagnostic and hospital 

laboratories from different samples are collected major from faecal matter, urine 

and blood samples. The incidence rate of lactose fermenting Enterobacteriaceae 

depends on the seasons and maximum is 6.75- 9.0%. The incidence rate was 

highest (9%) in the samples collected from the rainy seasons because mainly 

contaminated food and water. The overall average rate of lactose fermenting 

Enterobacteriaceae incidence was 8.8% - 9%. 

 In our study we collected more than 1200 samples for this study and more 

strains are isolated from stool, urine, blood and more strains are contaminated 

with lactose fermenting Enterobacteriaceae compare with other samples. 
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b) Incidence of lactose fermenting Enterobacteriaceae in different seasons: 
 Total samples collected for this study to isolate the lactose                 

fermenting Enterobacteriaceae mainly it depends on the different seasons. 

Different seasons having variation in the incidence mainly in the rainy season 

most of the people suffering from this infection especially food and water 

contamination through faecal matter these lactose fermenting 

Enterobacteriaceae easily contaminate and cause the different types of 

infections, so in this season incidence rate is maximum when compare with the 

winter and summer seasons. Incidence rate in the winter is very less when 

compare with the summer as well as rainy. In summer also incidence rate is high 

because the food and water scarcity and food spoilages due to high temperature 

especially in this region and extremely very high temperature nearly 480C  

(Figure – 4.3). 

 In the present investigation 65-70 lactose fermenting Enterobacteriaceae 

isolates have been collected from different gastroenteritis and Intestinal infected 

patients indicating lactose fermenting Enterobacteriaceae incidence of 10% 

which is almost the light variation in different seasons as recorded. This suggests 

that the incidence of lactose fermenting Enterobacteriaceae in this region has 

some changes during the last two decades. The records maintained the total 

incidence of lactose fermenting Enterobacteriaceae based on the number of 

cases reported every year also strength this view. It has also observed that 

lactose fermenting Enterobacteriaceae infections recure at regular intervals every 

year, reaching their peak during the period from March to May and July to 

September. 
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Figure – 4.3: Incidence of lactose fermenting Enterobacteriaceae in  
                      different seasons 
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c) Year wise incidence of lactose fermenting Enterobacteriaceae: 
The overall year wise incidence of lactose fermenting Enterobacteriaceae 

in different samples in the given in Figure – 4.4. 

 There was not a much significant differences in the year wise incidence of 

lactose fermenting Enterobacteriaceae during the year 2011 to 2012. The highest 

incidence (11.5%) was recorded during 2011, where as out of the 250 samples 

collected as many as 40 were positive for lactose fermenting Enterobacteriaceae. 

The lowest incidence was observed during the year 2012 and 250 samples out of 

25 were positive for lactose fermenting Enterobacteriaceae. 

 The incidence of lactose fermenting Enterobacteriaceae among the 

intestinal infections, gastroenteritis and diarrhaeal cases are on the gradual 

declining trend as per our incidence during 2011& 2012. 

Different location  and hospital samples & different centres surveyed, 

where lactose fermenting Enterobacteriaceae is epidemics were frequently 

reported during the year 2011-2012, lactose fermenting Enterobacteriaceae were 

found to be associated with 11.5% of these Urinary tract infection, diarrhea and 

pyogenic infections. Out of the different locations the highest incidence of lactose 

fermenting Enterobacteriaceae 11.5%, while the lowest 8.5% incidence. In the 

remaining different samples of lactose fermenting Enterobacteriaceae ranged 

from about 10% of to 11%. 

 

 

 

 

 

 

 

 

 



124 
 

 

 

 

 

 

Figure – 4.4: Year wise incidence of lactose fermenting Enterobacteriaceae 
 

 

 

 

 

  

year wise incidence of lactose fermenting 
Enterobacteriacea

0

2

4

6

8

10

12

14

1 2 3year

P
er

ce
nt

ag
e(

%
)



125 
 

4.3 Antibiogram typing of lactose fermenting Enterobacteriaceae: 
 Antimicrobial drugs have undoubtedly saves the lives of millions of 

people. However the widespread use of such drugs in hospitals, health centres, 

the community and agriculture has led to the emergence of resistance among 

bacteria. Antimicrobials are commonly used in food producing animals for 

treatment prophylaxis and growth promotion. However, such use can also lead to 

the development of drug resistance bacteria, which may be transmitted to 

humans through the food supply. Over the past years, the emergence and 

spread of antimicrobial resistance has become a major public concern. 

Several monitoring programmes have been initiated to generate baseline 

data about the prevalence of resistance in different bacterial species, including 

lactose fermenting Enterobacteriaceae (Aaresttup et. al., 2004). The genetic 

mechanisms that lead to bacterial resistance manifold and their spread in 

different bacterial population is enabled by highly efficient transfer systems                  

of mobile genetic elements (Schwarz and Chaslus-Danota, 2003).                     

The characterization of resistance mechanisms provides additional information 

about the epidemiology of resistant clones (Aarestup et. al., 2004). 

All the 60-70 isolates from the human sources were screened for antibiotic 

resistance pattern against the 8-10 different antibiotics (Plate – 4.13).                     

The antibiotics were chosen on the basis of information collected from physician 

and the most common antibiotics prescribed for the treatment of urinary tract 

infections, diarrheal  infections in this region as well as in general. The antibiotic 

resistance pattern expressed by the 60-70 lactose fermenting 

Enterobacteriaceae isolates. All the isolates exhibited as many as 34 different 

resistance patterns. 
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Plate 4.13: Antibiotic susceptibility resistant pattern of lactose fermenting  
                    Enterobacteriaceae 
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In the present investigation all the 65 isolates of lactose fermenting 

Enterobacteriaceae of human intestinal origin were found to be resistant to 

multiple antibiotics. As many as 08 different antibiotic resistant patterns were 

depicted by these 65 isolates. However, one pattern with resistance to ampicillin, 

nalidixic acid, strepomucin, and ciproflaxcin was most prevalent. All the                     

65 strains showed resistance to at least two antibiotics. Resistance to five 

antibiotics was most prevalent, as many as 31.6% of the lactose fermenting 

Enterobacteriaceae isolates showed resistance to 5 antibiotics. 

          Multiple antibiotics resistance was most common and all the isolates 

exhibited multiple antibiotic resistances. The distribution of all lactose fermenting 

Enterobacteriaceae isolates among the 22 resistance patterns in very diverse, in 

most cases only one lactose fermenting Enterobacteriaceae isolates exhibited by 

more than one isolate. The resistance pattern A showing resistance to ampicillin 

and nalidixic acid was exhibited by 9 isolates the pattern of G showing resistance 

to ampicillin, nalidixic acid, gentamicin and norflaxacin was exhibited by                     

5-isolates, while the pattern M showing resistance to ampicillin, nalidixic acid, 

ciprofloxacin and neomycin was recorded with four isolates (Table – 4.4 and 

Figure – 4.5). The pattern (F) and G showing resistance to three to seven 

antibiotics were exhibited by 3-isolates each while the patterns. 

 The multiple resistance patterns among all the lactose fermenting 

Enterobacteriaceae resistance to four antibiotic was most prevalent nearly              

36% i.e., 20 isolates of the 60 isolates falling in this group, though there was a 

variation in the  four antibiotics in this group, resistance to ampicillin, 

streptomycin, co-trimoxazole and gentamycin was most prevalent 30-35%. 

Incidence of resistance was also high for four antibiotics as 20 of the 60 isolates 

(30%) were resistant to as many as four antibiotics. 
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Table – 4.4: Multiple antibiotics resistance pattern of lactose fermenting  
                    Enterobacteriaceae 

Sl. No. Number of 
Antibiotics 

Incidence of 
pattern 

(No. of isolates

Resistance 
Percentage 

(%) 
1 One 10 12.0 

2 Two 12 13 

3 Three 15 20.2 

4 Four 20 25.5 

5 Five 15 20.2 

6 Six 10 12.0 
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Figure – 4.5: Multiple antibiotic resistance pattern of lactose fermenting  
                     Enterobacteriaceae 
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 Resistance the three antibiotics was recorded is 12 (15.5%) isolates 

where as, resistance to six antibiotics was recorded in 8 isolates (08%) and ten 

isolates (11.5%). The susceptibility and resistance of lactose fermenting 

Enterobacteriaceae drugs like streptomycin, azythromicin, ciprofloxacin, nalidixic 

acid, tetracycline, cefaxime etc are the main antibiotics (Table – 4.5) shows the 

pattern of the lactose fermenting Enterobacteriaceae. 

It is also significant to note that more than 60% of the isolates are 

resistance to for antibiotics or more. More than 40% are resistance to three or 

more antibiotics and fortunately resistance to all 8 antibiotics tested was not 

recorded. tetracycline  resistances is observed only when the isolate is resistant  

to 5-6 antibiotics and Impeneme resistance is very less compare to other 

antibiotics. 

Comparison of the incidence of resistance among lactose fermenting 

Enterobacteriaceae to individual antibiotic indicated the presence of a high 

degree of resistance to as many as eight antibiotics, while resistance to 

Chlorophenicol and tetracycline was very low. The highest (86.08%) percent of 

resistance was recorded against Ampicillin and closely followed by that against 

tetracycline (65%) and streptomycin (40%), impeneme (30%), cefaxime (40%), 

azithromycin (35%) and nalidixic acid (42%) (Table – 4.6 and Figure – 4.6               

and 4.7). 

Among the individual antibiotics, highest incidence of resistances  was 

observed against ampicillin (80.2%) closely followed by that against streptomycin 

(62.5%) and ciproflaxcin (56.4%), cefaxime (40%) and moderate resistance was 

observed against Azithromicin, fortunately, the lactose fermenting 

Enterobacteriaceae strains isolated from this region exhibited very low resistance 

against impeneme and cefaxime. These observations indicate that for treatment 

of Urinary tract infections, diarrhea and related infections in this regions, 

impenem and cefaxime showed to be drug of choice. 
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Table – 4.5: Antibiotic susceptibility and resistance pattern among lactose  
                      fermenting Enterobacteriaceae 
SNO AMP10 AMX C30 COT25 CIP5 TE30 NA30 CFX5 IMP10 SPX5

1 R R I S S R S R S I 

2 R R I S S R S R S I 

3 R R I S S R S S S I 

4 S I R S S R S S I I 

5 I R I R R R S S S I 

6 I S I R R R S R I S 

7 R S R R R R S R S S 

8 I I S I R R S R S R 

9 R I S I I R I R S R 

10 R I S I I R I R S R 

11 R I R S I S I I S R 

12 R I R R I S I I S R 

13 R R R R I I I I R R 

14 R R R S R I I I R R 

15 I R R S R I R I R R 

16 I R S I R I R I S S 

17 I R S I R R I I S R 

18 I R I I S R S S R S 

19 R I I R S S S S S S 

20 R I I R S I S I R I 

21 R S I R I I I I S I 

22 S S R R I I I I R S 

23 S I R R I R I R S S 

24 S I R R R R S R I S 

25 R R R S I I S R I I 

26 R R R I R I S R S S 
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SNO AMP10 AMX COT25 CIP5 TE30 NA30 CFX5 AZM15 IMP10 SPX5

27 R R R R I I I I R R 

28 R R R S R I I I R R 

29 I R R S R I R I R R 

30 I R S I R I R I S S 

31 I R S I R R I I S R 

32 I R I I S R S S R S 

33 R I I R S S S S S S 

34 R I I R S I S I R I 

35 R S I R I I I I S I 

36 S S S R I I I I R S 

37 S I S R I R I R S S 

38 S I S R R R S R I S 

39 R R R S I I S R I I 

40 R R R I R I S R S S 

41 R R R R I I I I R R 

42 R R S S R I I I R R 

43 I R R S R I R I R R 

44 I R S I R I R I S S 

45 I R S I R R I I S R 

46 I R I I S R S S R S 

47 R I I R S S S S S S 

48 R I I R S I S I R I 

49 R S I R I I I I S I 

50 S S R R I I I I R S 

51 S I R R I R I R S S 

52 S I R R R R S R I S 

53 R R R S I I S R I I 
54 R R R I R I S R S S 
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SNO AMP10 AMX C30 CIP5 TE30 NA30 CFX5 AZM15 IMP10

55 R R R I I I I I I 

56 R R R R I I I I I 

57 I R R R I R I R I 

58 I R S R I R I R I 

59 I R S R R I I I I 

60 I R I S R S S S S 

61 R I I S S S S S S 

62 R I I S I S I S I 

63 R S I I I I I I I 

64 S S R I I I I I I 

65 S I R I R I R I R 

66 S I R R R S R S R 

67 R R R I I S R S R 

68 R R R R I S R S R 

69 R R R I I I I I I 

70 R R R R I I I I I 

71 I R R R I R I R I 

72 I R S R I R I R I 

73 I R S R R I I I I 

74 I R I S R S S S S 

75 R I I S S S S S S 

76 R I I S I S I S I 

77 R S I I I I I I I 
78 S S R I I I I I I 
79 S I R I R I R I R 
80 S I R R R S R S R 
81 R R R I I S R S R 
82 R R R R I S R S R 

Amp10-Ampicillin, Am-Amoxicillin, C30-Chlorophenicol, CIP-Ciproflocin, TE-Tetracycline,  
NA30-Nalidixicacid, CFX5-Cefaixime, CTR30-Ceftriaxone, AZM15-Azithromycin, IMP10-Impenem  
R-Resistance, I-Intermediate, S-Susceptible 
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Table – 4.6: Antibiotic susceptibility and resistant pattern of lactose  
                         fermenting Enterobacteriaceae 

Sl. No. Name of  the 
antibiotics 

Susceptibility 
(%) 

Resistance (%) 

1 Streptomycin 60 40 

2 Azythromycin 65 35 

3 Ciprofloxacin 60 40 

4 Nalidixic acid 60 40 

5 Tetracycline 50 50 

6 Cefaxime 50 50 

7 Impenem 70 30 

8 Ampicillin 40 60 

 
 

 

 

 

 

 

 

 

 

 

 



134 
 

60 65 60 60 50 50
70

40

 Stre
ptomyci

n

 Azyt
hro

myci
n

  C
iprof

loxa
cin

   N
alid

ixic
 acid

   T
etra

cyc
line

  C
efaxim

e

   I
mpene

m

  A
mpic

illin

Name of the  antibiotics 

Pe
rc

en
ta

ge
 o

f s
us

ce
pt

ib
ili

ty

 
Figure – 4.6: Antibiotics Susceptibility pattern of lactose fermenting           
                      Enterobacteriaceae 
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Figure – 4.7: Antibiotic Resistance pattern of lactose fermenting  
                      Enterobacteriaceae 
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The degree of highest resistance to tetracycline, streptomycin and other 

antibiotics and sensitivity to impenem, cefaxime observed in the present study 

among the lactose fermenting Enterobacteriaceae isolated from the different 

locations and epidemics in this region of Gulbarga are in agreement with the 

above reports from different places in India. 

From the table it is clear that co-resistance between certain antibiotics was 

very high. It was among tetracycline, ciprofloxacin, gentamycin and also between 

chlorophenicol and nalidix acid. There was co-resistance between streptomycin, 

tetracycline and ampicillin. 
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Chapter-V 
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CHAPTER – VI 
SUMMARY AND CONCLUSION 

 
Enterobacteriaceae especially Gram negative bacilli mainly E. coli, 

Klebsiella, Shigella and Citrobacter are very important Enterobacteriaceae 

species. Among theses very common pathogenic organisms are E. coli, Proteus, 

and Klebsiella are causes infections in the urinary tract and other species of 

organisms are highly pathogenic and are not easily contaminate. They are 

causes severe infections and are very specific type of organisms like Shigella,             

E. coli, Citrobacter, etc. 

The present study indicates that the antibiotic susceptibility of lactose 

fermenting Enterobacteriaceae form the different clinical samples as shown in 

Figure 2 the most of the strains are resistance, some of them are susceptible.            

It shows poor sanitation and hygienic maintenance and Figure 1 as compare with 

the different age groups of patients, most of the isolates from adults or middle 

age and children’s is more sufferer than the other age groups. One more 

observation we observed in this study males are more sufferer than the females.  
The present investigation was undertaken with an aim of studying the 

epidemiology of lactose fermenting Enterobacteriaceae in human diarrhaeal, 

epidemics and urinary tract infections in this region and to identify lactose 

fermenting by different morphological, cultural, and biochemical methods.               

The observation made in the present study can be summarized as follows. 

1. The incidence of gastroenteritis, diarrhaeal infections in this regions 

including reported gastroenteritis epidemics during period from 2003-05 

have recorded. A total of 650 samples from different patients were 

collected and analysed. 

2. The incidence of lactose fermenting Enterobacteriaceae in faecal matter 

samples of patients suffering from diarrhaeal infection was found to be  

12-5%. 
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3. The different samples from different patients have been assessed and the 

highest incidence was recorded in faecal matter and lowest in the other 

body fluids (means other than blood and urine). 

4. Sex wise distribution of lactose fermenting Enterobacteriaceae  like E. coli, 

Klebsiella, Coliforms etc., occurs in all types samples and showed  highest  

incidences in females age group form  40-50 and above i.e., nearly 42.5% 

and lowest incidence rate in teenage females is 20%. In males the highest 

incidence adults (21-30) teenagers (11-20 years) and the lowest incidence 

rate was pediatrics.  

5. Age wise incidence of lactose fermenting Enterobacteriaceae was found 

to be highest in middle age group and 25% and teenage group is 22% 

was found. The lowest incidence 15.5% was found in the pediatrics below 

10 years age group children’s. 

6. The year wise incidence of lactose fermenting Enterobacteriaceae 

indicated highest in 2011 (24.5%). Though the incidence of lactose 

fermenting Enterobacteriaceae recorded in the present investigation 

indicated a slight declining trend from 2011-12. However, it has remained 

almost the slightly change as prepared earlier in 2002. 

7. The analysis of the incidence of lactose fermenting Enterobacteriaceae              

in different samples indicated highest in sewage samples (18%).           

Closely followed by that recorded in the faecal matter of the diarrhael 

patients (15.5%). The incidence of lactose fermenting Enterobacteriaceae 

was also significant (9.5%) in water samples. 

8. Antibiotic resistance pattern of lactose fermenting Enterobacteriaceae 

isolated from gastroenteritis and diarrhael patients were determined.                

A total of 60 isolates showing different pattern were depicted, showing 

resistance to ampicillin, tetracycline, streptomycin and less resistance 

shows to azithromycin, ciproflaxicin was observed with as many as                 

15 isolates. 
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9. Multiple antibiotic resistances were most common all the isolates were 

resistance to two or more antibiotics. However, only five isolates were 

resistance to four antibiotics and none was resistant to more than five 

antibiotics. 

10. Highest incidence of resistance was observed against tetracycline and 

streptomycin and cifroflaxcin (35.5%) and streptomycin (40%), 

ciprofloxacin (42%) were recorded. 

11. The incidence of urinary tract infections, diarrhael infections and intestinal 

infections in this region has been observed to be unchanged from 1995 to 

the present investigation, epidemics being recorded at regular intervals 

and the region being identified as lactose fermenting Enterobacteriaceae 

organisms endemic area. Further and continued surveillance of lactose 

fermenting Enterobacteriaceae as incidences in this region and for 

applying modern molecular epidemiological approaches for determining 

the clonal relatedness of the etiological agents, which will help in the 

effective control and management of lactose fermenting Enterobacterial 

infections prone regions.  
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