Chapter 9

Bacterial Diseases

Foodborne and Waterborne Bacterial Diseases
Food Intoxication (Food Poisoning)
Ingestion of bacterial toxins (with or without the microbe being present) is a food intoxication (poisoning). Foodborne infection results from ingestion of bacteria-contaminated foods; the bacteria multiply in the intestinal tract, secrete an enterotoxin, and may invade cells of the intestinal tract. 

Botulism
Botulism is caused by the deadly botulinum neurotoxin of Clostridium botulinum (a gram-positive, endospore-forming bacillus commonly found in soil). Botulinum toxin (Botox) blocks nerve impulses to muscles resulting in a flaccid muscle paralysis and suffocation (see Figure 7.14). Botox has a variety of medical applications. Clostridium perfringens causes gas gangrene, but it can cause food poi​soning, when spores are ingested from eating contaminated meat, poultry, and beans. 

Staphylococcal Food Poisoning

Staphylococcal Food Poisoning is caused by Staphylo​coccus aureus, a gram-positive coccus that secretes a heat-stable enterotoxin (Figure 9.2). Severe symptoms appear within a few hours. Food may be contaminated from nose, or cocci-shedding wounds.
Foodborne and Waterborn Infection
Salmonellosis
Salmonellosis is caused by several species of gram-negative bacilli in the genus Salmonella. Salmonellosis (a gastroenteritis) is a potentially fatal infection as​sociated with the ingestion of eggs infected with S. enteritidis.  It may also contaminate meats, seafood, and fruit and vegetables. Iguanas, lizards, snakes, and turtles are carriers of a variety of salmonella species (Figure 9.3).  Crows harbor salmonella in their feces. Sal​mo​nella typhi causes typhoid fever; once a major concern in the United States, typhoid now occurs primarily in less-developed countries. Transmission is via the fecal-oral route and by ﬂies and fomites. The bacteria invade intestinal cells, causing bloody stools, fever, and possibly delirium. Typhoid Mary was a healthy carrier (Box 9.1). 
Shigellosis
Shigellosis is caused by various species of Shigella, a gram-negative bacillus. Symptoms include gastroenteritis, and possibly dysentery (severe bloody diarrhea). Eggs, shellﬁsh, dairy, vegetables, and water are sources. Transmission is via the fecal-oral route. 
Cholera
Cholera is caused by the exotoxin secreted by the gram-negative curved rod Vibrio cholerae (Figure 9.4). Pandemics have been documented over the centuries. It causes a voluminous rice-water diarrhea. Rehy​dra​tion must be instituted quickly to avert death. Fecally contaminated water or food (including raw shellﬁsh) causes infection. 
Escherichia coli
Escherichia coli are gram-negative bacilli of the normal ﬂora of humans and animals. E. coli O157:H7 (an entero​hemorrhagic E. coli) has caused signiﬁcant outbreaks of foodborne illness in the past 15 years (Table 9.3). The best advice is to avoid eating rare meat, particularly hamburgers. In children under five, especially, death from hemolytic uremic syndrome may result. Enterotoxigenic E. coli is the most common cause of traveler’s diarrhea. E. coli’s presence is used as an indicator of fecal contamination.
Campylobacteriosis
Campylobacter jejuni, a gram-negative bacillus, is the most frequent cause of bacterial diarrhea in the United States.  Poultry, cattle, and unpasteurized milk have been identiﬁed as potential sources. Many isolates are antibiotic resistant.
Listeriosis
Listeriosis is caused by the gram-positive bacillus, Listeria monocytogenes. This organism is distrib​uted worldwide and is associated with the ingestion of Listeria-contaminated cold cuts, hot dogs, and soft cheeses (Listeria can grow under refrigerat​ion). Listeriosis is usually mild in healthy adults and children; infants, the elderly, the immunocomp​romised, and pregnant women are at high risk. Table 9.4 lists outbreaks.
Clostridium difﬁcile
Clostridium difficile (Figure 9.6) is a gram-positive spore-forming bacil​lus. It is a cause of pseudomembranous colitis. The trans​mission route is fecal-oral and has generally been associated with nosocomial infections of hospital patients on antibiotics. 
Airborne Bacterial Diseases

Upper Respiratory Tract Infections

Diphtheria
Diphtheria is caused by the gram-positive bacillus, Corynebacterium diphtheriae. Extreme swelling of the lymph nodes results in a “bull neck” appearance (Figure 9.8). A powerful exotoxin kills epithelial cells, forming a leathery pseudomemb​rane; the toxin causes widespread damage, especially to the heart. A milder skin infec​tion can also occur (Figure 9.9). The disease remains a sig​niﬁcant problem worldwide.

Pertussis
Whooping cough is a highly infectious and potentially lethal disease caused by the gram-negative coccobacillus, Bordetella pertussis. Droplet transmission occurs by talking, coughing, sneezing, and laughing. An exotoxin damages ciliated epithelial cells; deep and rapid inspirations through the partially obstructed air passages cause the characteristic “whoop.” It is a reemerging disease; 25,000 U.S. cases occurred in 2004.
Streptococcal Infections
Streptococci are a large group of gram-positive cocci; the most virulent species is Streptococcus pyogenes (Figure 9.10). Infections are strain specific, and range from mild (strep throat) to life-threatening. Strep reside in the nose and throat and are transmitted by respiratory droplets or by direct contact. An erythrogenic toxin causes scarlet fever (Figure 9.11). Invasive strep cause necrotizing fasciitis (ﬂesh-eating disease, Figure 9.12). Glomerulo​nephritis and rheumatic fever are possible long-term complications of early repeated childhood streptococcus infec​tions. 

Bacterial Meningitis
Meningitis is very serious and survival requires early diagnosis. Early signs are cold-like symptoms that progress quickly to fever, possibly delirium, and stiffness in the neck and back. The two most common causes are Neisseria meningitidis, a gram-negative diplococcus, and Haemophilus inﬂuenzae type b, or Hib, a gram-negative bacillus. About 10% of people are healthy carriers of meningococci. 
Lower Respiratory Tract Infections
Legionnaires’ Disease
Legionella pneumophila, a gram-negative bacillus (Figure 9.13), causes legionellosis.  Symptoms are fever, muscle pain, cough, and pneumonia. Death is usually attributable to shock and kidney failure. Transmission is by inhalation of aero​sols. 
Tuberculosis
Mycobacterium tuberculosis (tubercle bacillus) is the causative agent of tuberculosis; it is the leading cause of infectious death worldwide, with an annual death toll of two million.  Multi drug resistant strains are a major concern. 
Tularemia
Tularemia (rabbit fever) is a zoonosis caused by Francisella tularensis, a gram-negative bacillus. The ID is 10 bacilli. Natural reservoirs are many small mammals. Transmission is through inhalation of aerosols, direct contact with animals, ingestion of contaminated food or water, and arthropod bites. F. tularensis is a potential biological weapon.
Sexually Transmitted Diseases

Syphilis is caused by the gram-negative spirochete Treponema palladium (Figure 9.15). 

Syphilis has three stages (Figures 9.16 and 9.17), primary, secondary, and
tertiary. The 
primary stage is marked by a painless chancre (sore) on the genitals. The secondary 
stage produces a systemic rash. Tertiary syphilis involves numerous organs and tissues.  
Spirochetes can cross the placenta, resulting in congenital syphilis. There is no vaccine.
Gonorrhea is caused by Neisseria gonorrho​eae, a gram-negative diplococcus (Figure 9.18). It is second only to chlamydia in frequency. Asymptomatic carriers (females esp.) can transmit the disease for years, and are at risk for potentially severe complications.

Chlamydia is caused by Chlamydia trachomatis, a gram-negative coccobacillus, is the most com​mon STD; approximately 70% of infected fe​males and 30% of infected males are asyptomatic. Males are subject to inﬂammation of the tes​ticles and infertility. Females are particularly vulnerable to complica​tions, including pelvic inﬂammatory disease.
Contact Diseases (Other Than STDs)
Peptic Ulcer is caused by Helicobacter pylori, a comma-shaped bacterium (Table 9.9). To survive in stomach acid, these bacteria produce the en​zyme urease, which breaks down urea into CO2 and ammonia (ammonia neutralizes acid). Person-to-person contact appears to be the most likely means of transmission. It can be cured with anti​biotics. 
Leprosy (Hansen’s disease; Figure 9.20a) is caused by Mycobac​terium leprae. The incubation time is long, and it is not highly infectious. The disease is characterized by a variety of physical manifestations (Figure 9.20 b and c), including tumor​-like skin lesions (lepromas) and neurological damage to the cooler areas of the body. Antibiotics are available to arrest the disease. There are 6,500 cases in the United States (mostly immigrants).
Staphylococcal Infections are caused by species of Staphylococcus, which are gram-positive cocci and normal inhabitants of the skin, mouth, nose, and throat.  Staphylococci are frequent causes of localized skin infec​tions, occurring as pimples, abscesses, and inﬂamed lesions ﬁlled with a core of pus (Figure 9.21). S. aureus is the most likely to cause infection. Abscesses can progress to form boils and carbuncles, which are dangerous if they progress into systemic (widespread) infections.  Methicillin-resistant staphylococci are the leading cause of nosocomial infections in the United States. Exfoliative toxin and toxic shock syndrome-exotoxin are produced by toxigenic strains or S. aureus.
Soilborne Diseases

Anthrax is a potentially deadly disease caused by Bacillus anthracis, a gram-positive endospore-forming bacillus. Anthrax is a likely candidate for use in biowarfare (Figure 9.22). Anthrax is primarily found in grazing animals, mostly sheep and cattle. There are three varieties of anthrax: inhalation anthrax (also called wool​sorter’s disease) is the most severe, cutane​ous anthrax is ac​quired by contact with bacilli or spores ​(Figure 9.23), and gastro​intestinal anthrax results from ingesting contaminated meat. 
Tetanus, also called lockjaw, is acquired by exposure to spores of Clostridium tetani, a gram-positive bacillus. The bacilli produce the neuro​toxin tetanospasmin, the second most deadly bacterial toxin (botox is the most deadly). Spores are found worldwide and are abundant in soil, manure, and dust. Tetanus toxin prevents muscle relaxation; the severe muscular contrac​tion causes the body to arch, a position referred to as opisthoto​nos (Figure 9.24). Death occurs by suffocation. Neonatal tetanus is common in infecti​ons in the ﬁrst month of life; it is prevalent in nations lacking sanitation and vaccination.
Leptospirosis, or swamp fever, is caused by the spirochete Leptospira interrogans; they are harbored in nonhuman hosts (e.g., dogs, rats) and spread via urine. Rats ap​pear to be the most signiﬁcant source.  The spiro​chetes penetrate the skin, enter the blood, and rapidly invade virtu​ally all organs. It is a potentially fatal disease, with symptoms including jaundice, fever, headache, nausea, and chills, and may require hospital​ization. It is most common in the tropics, but about 100 to 200 cases per year occur in the United States.

Arthropodborne Diseases

Plague (the Black Death) is a bacterial disease caused by the gram-negative bacillus Yersinia pestis. Highly virulent (Figure 9.26), the ID is a single bacillus.  One-third of the population of Medieval Europe died of plague. Plague is a reemerging zoonosis; many mammals, pri​marily rodents (including gophers, squirrels, mice, and rats), serve as reservoirs. Sporadic cases in the southwestern United States occur due to bites from infected fleas on prairie dogs. In bubonic plague, the bacilli cause extreme swelling (buboes) of lymph nodes in the groin, armpits, and neck (Figure 9.28). Pneumonic plague (a pneumonia) is transmitted by coughing and through saliva (it approaches 100% fatality without early treatment). A vaccine is available to persons at high risk. Septicemic plague occurs when bacteria from the lungs travel via the bloodstream to other parts of the body. 
Ehrlichiosis is an emerging zoonotic, tickborne infection, caused by gram-negative intracellular bacilli (Figure 9.29). It is characterized by fever, headache, malaise, and a rash. Known to exist in horses and other mammals, it was ﬁrst reported in humans in 1986. Ehrlichiosis strikes primarily along the Atlantic coast and in the south-central United States. There are two forms of the disease, human monocytic ehrlichiosis (caused by Ehrlichia chaffeensis) and human anaplasmosis (caused by Anaplasma phagocytophilum). Both diseases respond well to antibiotic therapy; about 5% of untreated cases result in death. 
Lyme Disease was first identified in Old Lyme, Connecticut in 1975; this tickborne zoonotic disease is now present throughout the United States, particularly in the Northeast, the upper Midwest, and the Paciﬁc Coast (Figure 9.30). It is also found in Europe, Australia, the for​mer USSR, China, and Japan. The spirochete, Borrelia burgdorferi, infects the tick vector; deer are hosts for the matura​tion of tick eggs to the adult stage; mice may allow the further development of the tick; and humans are the final hosts (Figure 9.31). There are initial vague, ﬂu-like symptoms, fever, headache, and muscle and joint pain (arthritis may come later). Some indi​viduals have a spreading “bull’s-eye” skin rash (Figure 9.33).
Endemic relapsing fever and epidemic relapsing fever are caused by the spirochete Borrelia recurrentis. The spirochetes un​dergo antigenic switching to escape immuno​logical detection. This virulence mechanism accounts for the recurrence of symptoms and is the basis for the name relapsing fever. The endemic form is transmitted by ticks and occurs sporadically in most areas of the world. The epidemic form is the more serious and is transmitted directly from hu​man to human by body lice that bite and cause itching.

Rickettsial Diseases
Rickettsiae are obligate intracellular parasites of eucaryotic cells. They are carried by arthropods (except for Q fever), including ticks, body lice, and ﬂeas. The symptoms generally include a rash, which varies depending on the particular rickett​si​al infection, and ﬂulike symptoms. Antibiotic therapy is ef​fective, and further methods of control are directed at minimizing the contact between the vector and humans. 
Rocky Mountain Spotted Fever
The tickborne disease Rocky Mountain Spotted Fever is actually more common in the southeastern part of the United States than in the Rocky Mountains. It is the most severe tickborne rickett​sial disease in the Unites States. A tick feeding on a human or other mammalian host transfers the causative organism, Rickettsia rickettsii. Up to 20% of those infected die without treatment; the elderly are particularly vulnerable. The disease is present in almost all 50 U.S. states.
Typhus Fever
Endemic (or murine) typhus is caused by Rickettsia typhi and is transmitted by ﬂeas found on mice and rats. Rodent control is key to breaking the disease cycle. Epidemic typhus is caused by Rickettsia prowazekii and is transmitted by the human body louse; the human is the only reservoir.  As the louse feeds it defecates; the bite causes an itch, and the rickettsia are scratched into the bite. The louse’s entire life cycle (from egg to adult) can take place on the clothing of an infected person. No epidemics have occurred since 1922, but there have been sporadic cases, with ﬂying squirrels serving as possible reservoir. Like relapsing fever, also a louseborne disease, conditions of war, crowding, and unsanitary conditions are conducive to this disease. 
