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●Pseudomonas: 

    A very important genus, Pseudomonas (sū-dōmōʹnas) consists of 

aerobic, gram-negative rods that are motile by polar flagella, either single 

or tufts. Pseudomonads are very common in soil and other natural 

environments. Many species of pseudomonads excrete extracellular, 

watersoluble pigments that diffuse into their media. One species, 

Pseudomonas aeruginosa (ā-rü-ji-nōʹ sa), produces a soluble, blue-green 

pigmentation. Under certain conditions, particularly in weakened hosts, 

this organism can infect the urinary tract, burns, and wounds, and can 

cause blood infections, abscesses, and meningitis. Other pseudomonads 

produce soluble fluorescent pigments that glow when illuminated by 

ultraviolet light. One species, P. syringae (sėrʹ in-gī), is an occasional 

plant pathogen. (Some species of Pseudomonas have been transferred, 

based upon rRNA studies, to the genus Burkholderia, which was 

discussed previously with the betaproteobacteria.) Pseudomonads have 

almost as much genetic capacity as the eukaryotic yeasts and almost half 

as much as a fruit fly. Although these bacteria are less efficient than some 

other heterotrophic bacteria in utilizing many of the more common 

nutrients, they make use of their genetic capacity by compensating for 

this in other ways. For example, pseudomonads synthesize an unusually 

large number of enzymes and can metabolize a wide variety of substrates. 

Therefore, they probably contribute significantly to the decomposition of 

uncommon chemicals, such as pesticides, that are added to soil. In 

hospitals and other places where pharmaceutical agents are prepared, the 



ability of pseudomonads to grow on minute traces of unusual carbon 

sources, such as soap residues or capliner adhesives found in a solution, 

has been unexpectedly troublesome. Pseudomonads are even capable of 

growth in some antiseptics, such as quaternary ammonium compounds. 

Their resistance to most antibiotics has also been a source of medical 

concern. This resistance is probably related to the characteristics of the 

cell wall porins, which control the entrance of molecules through the cell 

wall. The large genome of pseudomonads also codes for several very 

efficient efflux pump systems that eject antibiotics from the cell before 

they can function. Pseudomonads are responsible for about one in ten 

nosocomial infections, especially among infections in burn units. Persons 

with cystic fibrosis are also especially prone to infections by 

Pseudomonas and the closely related Burkholderia. Although 

pseudomonads are classified as aerobic, some are capable of substituting 

nitrate for oxygen as a terminal electron acceptor. This process, anaerobic 

respiration, yields almost as much energy as aerobic respiration. In this 

way, pseudomonads cause important losses of valuable nitrogen in 

fertilizer and soil. Nitrate (NO3 −) is the form of fertilizer nitrogen most 

easily used by plants. Under anaerobic conditions, as in water-logged 

soil, pseudomonads eventually convert this valuable nitrate into nitrogen 

gas (N2), which is lost to the atmosphere. Many pseudomonads can grow 

at refrigerator temperatures. This characteristic, combined with their 

ability to utilize proteins and lipids, makes them an important contributor 

to food spoilage.  

●Azotobacter and Azomonas: 

    Some nitrogen-fixing bacteria, such as Azotobacter (ā-zō-tō-bakʹtėr) 

and Azomonas(ā-zō-mō ʹ nas), are free-living in soil. These large, ovoid, 

heavily capsulated bacteria are frequently used in laboratory 

demonstrations of nitrogen fixation. However, to fix agriculturally 



significant amounts of nitrogen, they would require energy sources, such 

as carbohydrates, that are in limited supply in soil.  

●Moraxella: 

    Members of the genus Moraxella (mô-raks-el ʹ lä) are strictly aerobic 

coccobacilli—that is, intermediate in shape between cocci and rods. 

Moraxella lacunata (la-kü-nä ʹ tä) is implicated in conjunctivitis, an 

inflammation of the conjunctiva, the membrane that covers the eye and 

lines the eyelids.  

●Acinetobacter: 

    The genus Acinetobacter (a-si-nē ʹ tō-bak-tėr) is aerobic and in stained 

preparations typically forms pairs. The bacteria occur naturally in soil and 

water. A member of this genus, Acinetobacter baumanii (bou ʹ man-ē-ē), 

is an increasing concern to the medical community because of the 

rapidity with which it becomes resistant to antibiotics. Some strains are 

resistant to most available antibiotics. Not yet widespread in the United 

States, A. baumanii is an opportunistic pathogen primarily found in a 

hospital setting. The antibiotic resistance of the pathogen, combined with 

the weakened health of infected hospital patients, has resulted in an 

unusually high mortality rate. A. baumanii is primarily a respiratory 

pathogen, but it also infects skin and soft tissues and wounds and 

occasionally invades the bloodstream. It is more environmentally hardy 

than most gramnegative bacteria, and, once established in a hospital, it 

becomes difficult to eliminate.  

●Legionellales:  

   The genera Legionella and Coxiella are closely associated in the second 

edition of Bergey’s Manual, where both are placed in the same order, 

Legionellales. Because the Coxiella share an intracellular lifestyle with 

the rickettsial bacteria, they were previously considered rickettsial in 

nature and grouped with them. Legionella bacteria grow readily on 



suitable artificial media. Legionella Legionella (lē-jä-nel ʹ lä) bacteria 

were originally isolated during a search for the cause of an outbreak of 

pneumonia now known as legionellosis. The search was difficult because 

these bacteria did not grow on the usual laboratory isolation media then 

available. After intensive effort, special media were developed that 

enabled researchers to isolate and culture the first Legionella. Microbes 

of this genus are now known to be relatively common in streams, and 

they colonize such habitats as warm-water supply lines in hospitals and 

water in the cooling towers of air conditioning systems. An ability to 

survive and reproduce within aquatic amoebas often makes them difficult 

to eradicate in water systems.  

●Coxiella: 

    Coxiella burnetii (käks-ė-el ʹ lä bėr-ne ʹ tē-ē), which causes Q fever, 

was formerly grouped with the rickettsia. Like them, Coxiella bacteria 

require a mammalian host cell to reproduce. Unlike rickettsias, Coxiella 

bacteria are not transmitted among humans by insect or tick bites. 

Although cattle ticks harbor the organism, it is most commonly 

transmitted by aerosols or contaminated milk. A sporelike body is present 

in C. burnetii. This might explain the bacterium’s relatively high 

resistance to the stresses of airborne transmission and heat treatment. 

●Vibrionales:  

   Members of the order Vibrionales are facultatively anaerobic gram-

negative rods. Many are slightly curved. They are found mostly in aquatic 

habitats.  

●Vibrio: 

    Members of the genus Vibrio (vib ʹ rē-ō) are rods that are often slightly 

curved. One important pathogen is Vibrio cholerae (kolʹ er-ī), the 

causative agent of cholera. The disease is characterized by a profuse and 

watery diarrhea. V. parahaemolyticus (pa-ra-hē-mō-li ʹ ti-kus) causes a 



less serious form of gastroenteritis. Usually inhabiting coastal salt waters, 

it is transmitted to humans mostly by raw or undercooked shellfish. 

●Enterobacteriales:  

   The members of the order Enterobacteriales are facultatively anaerobic, 

gram-negative rods that are, if motile, peritrichously flagellated. 

Morphologically, the rods are straight. This is an important bacterial 

group, often commonly called enterics. This reflects the fact that they 

inhabit the intestinal tracts of humans and other animals. Most enterics 

are active fermenters of glucose and other carbohydrates. Because of the 

clinical importance of enterics, there are many techniques to isolate and 

identify them. Biochemical tests are especially important in clinical 

laboratory work and in food and water microbiology. Enterics have 

fimbriae that help them adhere to surfaces or mucous membranes. 

Specialized sex pili aid in the exchange of genetic information between 

cells, which often includes antibiotic resistance. Enterics, like many 

bacteria, produce proteins called bacteriocins that cause the lysis of 

closely related species of bacteria. Bacteriocins may help maintain the 

ecological balance of various enterics in the intestines.  

●Escherichia: 

    The bacterial species Escherichia coli is one of the most common 

inhabitants of the human intestinal tract and is probably the most familiar 

organism in microbiology. Recall from previous chapters that a great deal 

is known about the biochemistry and genetics of E. coli, and it continues 

to be an important tool for basic biological research—many researchers 

consider it almost a laboratory pet. Its presence in water or food is an 

indication of fecal contamination. E. coli is not usually pathogenic. 

However, it can be a cause of urinary tract infections, and certain strains 

produce enterotoxins that cause traveler’s diarrhea and occasionally cause 

very serious foodborne disease.  



●Salmonella: 

    Almost all members of the genus Salmonella (salʹmon-el-la) are 

potentially pathogenic. Accordingly, there are extensive biochemical and 

serological tests to clinically isolate and identify salmonellae. 

Salmonellae are common inhabitants of the intestinal tracts of many 

animals, especially poultry and cattle. Under unsanitary conditions, they 

can contaminate food. The nomenclature of the genus Salmonella is 

unusual. Instead of multiple species, members of the genus Salmonella 

that are infectious to warm-blooded animals can be considered for 

practical purposes to be a single species, Salmonella enterica (en-terʹ i-

ka). This species is divided into more than 2400 serovars, that is, 

serological varieties. The term serotype is often used to mean the same 

thing. By way of explanation of these terms, when salmonellae are 

injected into appropriate animals, their flagella, capsules, and cell walls 

serve as antigens that cause the animals to form antibodies in their blood 

that are specific for each of these structures. Thus, serological means are 

used to differentiate the microorganisms. A serovar such as Salmonella 

typhimurium (tī-fi-mur ʹ ē-um) is not a species and should be more 

properly written as “Salmonella enterica serovar Typhimurium.” The 

convention now used by the Centers for Disease Control and Prevention 

(CDC) is to spell out the entire name at the first mention and then 

abbreviate it as, for example, Salmonella Typhimurium. For simplicity, 

we will identify serovars of salmonellae in this text as we would species, 

that is, S. typhimurium, etc. Specific antibodies, which are available 

commercially, can be used to differentiate Salmonella serovars by a 

system known as the Kauffmann-White scheme. This scheme designates 

an organism by numbers and letters that correspond to specific antigens 

on the organism’s capsule, cell wall, and flagella, which are identified by 

the letters K, O, and H, respectively. For example, the antigenic formula 



for the bacterium S. typhimurium is O1,4,[5],12:H,i,1,2*. Many 

salmonellae are named only by their antigenic formulas. Serovars can be 

further differentiated by special biochemical or physiological properties 

into biovars, or biotypes. A recent taxonomic arrangement based upon 

the latest molecular technology adds another species, Salmonella bongori 

(bonʹ gôr-ē). This is a resident of “cold-blooded” animals—it was 

originally isolated from a lizard in the town of Bongor in the African 

desert nation of Chad—and is rarely found in humans. Typhoid fever, 

caused by Salmonella typhi (tīʹ fē), is the most severe illness caused by 

any member of the genus Salmonella. A less severe gastrointestinal 

disease caused by other salmonellae is called salmonellosis. 

Salmonellosis is one of the most common forms of foodborne illness. 

●Shigella:  

   Species of Shigella (shi-gelʹ lä) are responsible for a disease called 

bacillary dysentery, or shigellosis. Unlike salmonellae, they are found 

only in humans. Some strains of Shigella can cause life-threatening 

dysentery.  

●Klebsiella: 

    Members of the genus Klebsiella (kleb-sē-elʹ lä) are commonly found 

in soil or water. Many isolates are capable of fixing nitrogen from the 

atmosphere, which has been proposed as being a nutritional advantage in 

isolated populations with little protein nitrogen in their diet. The species 

Klebsiella pneumonia (nü-mōʹ nē-ī) occasionally causes a serious form of 

pneumonia in humans.  

●Serratia: 

    Serratia marcescens (ser-räʹ tē-ä mär-sesʹ sens) is a bacterial species 

distinguished by its production of red pigment. In hospital situations, the 

organism can be found on catheters, in saline irrigation solutions, and in 



other supposedly sterile solutions. Such contamination is probably the 

cause of many urinary and respiratory tract infections in hospitals. 

●Proteus: 

    Colonies of Proteus (prō ʹ tē-us) bacteria growing on agar exhibit a 

swarming type of growth. Swarmer cells with many flagella move 

outward on the edges of the colony and then revert to normal cells with 

only a few flagella and reduced motility. Periodically, new generations of 

highly motile swarmer cells develop, and the process is repeated. As a 

result, a Proteus colony has the distinctive appearance of a series of 

concentric rings. This genus of bacteria is implicated in many infections 

of the urinary tract and in wounds.  

●Yersinia: 

    Yersinia pestis (yėr-sinʹ ē-ä pesʹ tis) causes plague, the Black Death of 

medieval Europe. Urban rats in some parts of the world and ground 

squirrels in the American Southwest carry these bacteria. Fleas usually 

transmit the organisms among animals and to humans, although contact 

with respiratory droplets from infected animals and people can be 

involved in transmission.  

●Erwinia: 

    Erwinia (ėr-wiʹ nē-ä) species are primarily plant pathogens; some 

cause plant soft-rot diseases. These species produce enzymes that 

hydrolyze the pectin between individual plant cells. This causes the plant 

cells to separate from each other, a disease that plant pathologists term 

plant rot.  

●Enterobacter: 

    Two Enterobacter (en-te-rō-bakʹ tėr) species, E. cloacae (klō-āʹ kī), 

and E. aerogenes (ā-räʹ jen-ēz), can cause urinary tract infections and 

hospital-acquired infections. They are widely distributed in humans and 

animals, as well as in water, sewage, and soil.  



●Pasteurellales:  

   The bacteria in the order Pasteurellales are nonmotile; they are best 

known as human and animal pathogens. ●Pasteurella: 

    The genus Pasteurella (pas-tyėr-elʹ lä) is primarily known as a 

pathogen of domestic animals. It causes sepsis in cattle, fowl cholera in 

chickens and other fowl, and pneumonia in several types of animals. The 

best-known species is Pasteurella multocida (mul-tōʹ si-dä), which can 

be transmitted to humans by dog and cat bites.  

●Haemophilus: 

    Haemophilus (hē-mäʹ fil-us) is a very important genus of pathogenic 

bacteria. These organisms inhabit the mucous membranes of the upper 

respiratory tract, mouth, vagina, and intestinal tract. The best-known 

species that affects humans is Haemophilus influenzae (in-flü-enʹ za), 

named long ago because of the erroneous belief that it was responsible for 

influenza. The name Haemophilus is derived from the bacteria’s 

requirement for blood in their culture medium (hemo = blood). They are 

unable to synthesize important parts of the cytochrome system needed for 

respiration, and they obtain these substances from the heme fraction, 

known as the X factor, of blood hemoglobin. The culture medium must 

also supply the cofactor nicotinamide adenine dinucleotide (from either 

NAD+ or NADP+), which is known as V factor. Clinical laboratories use 

tests for the requirement of X and V factors to identify isolates as 

Haemophilus species. Haemophilus influenzae is responsible for several 

important diseases. It has been a common cause of meningitis in young 

children and is a frequent cause of earaches. Other clinical conditions 

caused by H. influenzae include epiglotitis (a lifethreatening condition in 

which the epiglottis becomes infected and inflamed), septic arthritis in 

children, bronchitis, and pneumonia. Haemophilus ducreyi (dü-krāʹ ē) is 

the cause of the sexually transmitted disease chancroid.  


