
include Staphylococcus epidermidis and Propionibacterium acnes, the cause of acne. Aerobic and anaerobic bacteria in the mouth, particularly Streptococcus mutans, contribute to dental 
plaque, a major cause of tooth decay. In the colon, 99.9% of bacteria are anaerobic, including Bacteroides species. Many bacteria remain extracellular when they invade the body, while 
others can survive and replicate either outside or inside of host cells (facultative intracellular bacteria) and some grow only inside host cells (obligate intracellular bacteria).

Chlamydiae, Rickettsiae, Mycoplasmas

These microbes are grouped together because, like other bacteria, they divide by binary fission and are sensitive to antibiotics, but they lack certain structures (e.g., Mycoplasma lack a cell 
wall) or metabolic capabilities (e.g., Chlamydia cannot synthesize adenosine triphosphate [ATP]). Chlamydia and Rickettsiae are obligate intracellular organisms that replicate in 
membrane-bound vacuoles in epithelial cells and the
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Figure 8-2 Molecules on the surface of Gram-negative and Gram-positive bacteria involved in pathogenesis. Not shown is the type 3 secretory apparatus of Gram-negative bacteria (see 
text). 

 

Figure 8-3 The variety of bacterial morphology. A, Gram stain of sputum from patient with pneumonia. There are Gram-positive cocci in clusters (Staphylococcus aureus) with 
degenerating neutrophils. B, Gram stain of sputum from a patient with pneumonia. Gram-positive, elongated cocci in pairs and short chains (Streptococcus pneumoniae) and a neutrophil is 
seen. C, Gram stain of Clostridium sordellii grown in culture. A mixture of Gram-positive and Gram-negative rods, many of which have subterminal spores (clear areas), are present. 
Clostridia species often stain as both Gram-positive and negative, although they are true Gram-positive bacteria. D, Gram stain of a bronchoalveolar lavage specimen showing Gram-
negative intracellular rods typical of Enterobacteriaceae such as Klebsiella pneumoniae or Escherichia coli. E, Gram stain of urethral discharge from a patient with gonorrhea. Many Gram-
negative diplococci (Neisseria gonorrhoeae) are present within a neutrophil. F, Silver stain of brain tissue from a patient with Lyme disease meningoencephalitis. Two helical spirochetes 
(Borrelia burgdorferi) are indicated by arrows. The panels are at different magnifications. (D, Courtesy of Dr. Karen Krisher, Clinical Microbiology Institute, Wilsonville, OR. All other 
panels courtesy of Dr. Kenneth Van Horn.) 



 

TABLE 8-6 -- Protozoa Pathogenic for Humans

Species Order Form, Size Disease

Luminal or Epithelial

Entamoeba histolytica Amebae Trophozoite 15–20 µm Amebic dysentery; liver abscess

Balantidium coli Ciliates Trophozoite 50–100 µm Colitis

Naegleria fowleri Ameboflagellates Trophozoite 10–20 µm Meningoencephalitis

Acanthamoeba sp. Ameboflagellates Trophozoite 15–30 µm Meningoencephalitis or ophthalmitis

Giardia lamblia Mastigophora Trophozoite 11–18 µm Diarrheal disease, malabsorption

Isospora belli Coccidia Oocyst 10–20 µm Chronic enterocolitis or malabsorption or both

Cryptosporidium sp. Coccidia Oocyst 5–6 µm  



Trichomonas vaginalis Mastigophora Trophozoite 10–30 µm Urethritis, vaginitis

Bloodstream

Plasmodium species Hemosporidia Trophozoites, schizonts, gametes (all small and 
inside red cells)

Malaria

Babesia microti, B. bovis Hemosporidia Trophozoites inside red cells Babesiosis

Trypanosoma species Hemoflagellates Trypomastigote 14–33 µm African sleeping sickness

Intracellular

Trypanosoma cruzi Hemoflagellates Trypomastigote 20 µm Chagas disease

Leishmania donovani Hemoflagellates Amastigote 2 µm Kala-azar

Leishmania species Hemoflagellates Amastigote 2 µm Cutaneous and mucocutaneous leishmaniasis

Toxoplasma gondii Coccidia Tachyzoite 4–6 µm (cyst larger) Toxoplasmosis

 
immunosuppressed individuals do opportunistic fungi give rise to life-threatening infections characterized by tissue necrosis, hemorrhage, and vascular occlusion, with minimal to no 
inflammatory response. In addition, AIDS patients are victims of the opportunistic fungus Pneumocystis jiroveci (carinii).

Protozoa

Parasitic protozoa are single-celled eukaryotes that are major causes of disease and death in developing countries ( Table 8-6 ). Protozoa can replicate intracellularly within a variety of 
cells (e.g., Plasmodium in red blood cells, Leishmania in macrophages) or extracellularly in the urogenital system, intestine, or blood. Trichomonas vaginalis are flagellated protozoal 
parasites that are sexually transmitted and can colonize the vagina and male urethra. The most prevalent intestinal protozoans, Entamoeba histolytica and Giardia lamblia, have two forms: 
(1) motile trophozoites that attach to the intestinal epithelial wall and may invade and (2) immobile cysts that are resistant to stomach acids and are infectious when ingested. Blood-borne 
protozoa (e.g., Plasmodium, Trypanosoma, and Leishmania) are transmitted by insect vectors, in which they replicate before being passed to new human hosts. Toxoplasma gondii is 
acquired either by contact with oocyst-shedding kittens or by eating cyst-ridden, undercooked meat.

Helminths

Parasitic worms are highly differentiated multicellular organisms. Their life cycles are complex; most alternate between sexual reproduction in the definitive host and asexual 
multiplication in an intermediary host or vector. Thus, depending on parasite species, humans may harbor either adult worms (e.g., Ascarus lumbricoides) or immature stages (e.g., 
Toxocara canis) or asexual larval forms (e.g., Echinococcus species). Once adult worms take up residence in humans,
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they do not multiply but generate eggs or larvae destined for the next phase of the cycle. An exception is Strongyloides stercoralis, the larvae of which can become infectious in the gut and 
cause overwhelming autoinfection in immunosuppressed persons. There are two important consequences of the lack of replication of adult worms: (1) Disease is often caused by 
inflammatory responses to the eggs or larvae rather than to the adults (e.g., schistosomiasis), and (2) disease is in proportion to the number of organisms that have infected the individual (e.
g., 10 hookworms cause little disease, whereas 1000 hookworms cause severe anemia by consuming 100 mL of blood per day).



Ectoparasites

Ectoparasites are insects (lice, bedbugs, fleas) or arachnids (mites, ticks, spiders) that attach to and live on or in the skin. Arthropods may produce disease directly by damaging the human 
host or indirectly by serving as the vectors for transmission of an infectious agent into a human host. Some arthropods may cause itching and excoriations (e.g., pediculosis caused by lice 
attached to hair shafts, or scabies caused by mites burrowing into the stratum corneum). At the site of the bite, mouthparts may be found associated with a mixed infiltrate of lymphocytes, 
macrophages, and eosinophils. In addition, attached arthropods can be vectors for other pathogens. For example, deer ticks transmit the Lyme disease spirochete Borrelia burgdorferi.

TRANSMISSION AND DISSEMINATION OF MICROBES

Host Barriers to Infection

The outcome of infection is determined by the ability of the microbe to infect, colonize, and damage host tissues and the ability of host defense mechanisms to eradicate the infection. Host 

barriers to infection prevent microbes from entering the body and consist of innate and adaptive immune defenses [11] (see Fig. 6-1 , Chapter 6). Innate immune defense mechanisms exist 
before infection and respond rapidly to microbes. These mechanisms include physical barriers to infection, phagocytic cells and natural killer cells, and plasma proteins, including the 
complement system proteins and other mediators of inflammatory responses (cytokines, collectins, acute phase reactants). Adaptive immune responses are stimulated by exposure to 
microbes and increase in magnitude, speed, and effectiveness with successive exposures to microbes. Adaptive immunity is mediated by T and B lymphocytes and their products ( Chapter 
6 ).

Microbes can enter the host by inhalation, ingestion, sexual transmission, insect or animal bites, or injection. The first barriers to infection are intact host skin and mucosal surfaces and 
their secretory products. In general, respiratory, gastrointestinal, or genitourinary tract infections occur in healthy persons and are caused by relatively virulent microorganisms that are 
capable of damaging or penetrating intact epithelial barriers. In contrast, most skin infections in healthy persons are caused by less virulent organisms entering the skin through damaged 
sites (cuts and burns).

Skin.

The dense, keratinized outer layer of skin is a natural barrier to infection, and the low pH of the skin (about 5.5) and the presence of fatty acids inhibit growth of microorganisms other than 
residents of the normal flora. Human skin is normally inhabited by a variety of bacterial and fungal species, including some potential opportunists, such as Staphyloccus epidermidis and 
Canadida albicans. Although skin is usually an effective barrier, certain types of fungi (dermatophytes) can infect the stratum corneum, hair, and nails, and a few microorganisms are able 
to traverse the unbroken skin. For example, Schistosoma larvae released from freshwater snails penetrate swimmers' skin by releasing collagenase, elastase, and other enzymes that dissolve 
the extracellular matrix. Most microorganisms, however, penetrate through breaks in the skin, including superficial pricks (fungal infections), wounds (staphylococci), burns (Pseudomonas 
aeruginosa), and diabetic and pressure-related foot sores (multibacterial infections). Intravenous catheters in hospitalized patients can produce local or systemic infection (bacteremia). 
Needle sticks can expose the recipient to potentially infected blood and may transmit HBV, HCV, or HIV. Some pathogens penetrate the skin via an insect or animal bite. For instance, 
bites by fleas, ticks, mosquitoes, mites, and lice break the skin and transmit arboviruses (causes of yellow fever and encephalitis), rickettsiae (Rocky Mountain spotted fever), bacteria 
(plague, Lyme disease), protozoa (malaria, leishmaniasis), and helminths (filariasis). Animal bites can lead to infections with bacteria or with rabies virus.

Gastrointestinal Tract.

Most gastrointestinal pathogens are transmitted by food or drink contaminated with fecal material. Where hygiene fails, diarrheal disease becomes rampant.

Acidic gastric secretions are important defenses within the gastrointestinal tract and are lethal for many gastrointestinal pathogens.[11] Healthy volunteers do not become infected by Vibrio 

cholerae unless they are fed 10[11] organisms, whereas volunteers given Vibrio cholerae and sodium bicarbonate have a 10,000-fold increase in susceptibility to cholera. In contrast, some 
ingested agents, such as Shigella and Giardia cysts, are relatively resistant to gastric acid; hence, as few as 100 organisms of each are sufficient to cause illness.



Other normal defenses within the gastrointestinal tract include (1) the viscous mucous layer covering the gut, (2) lytic pancreatic enzymes and bile detergents, (3) mucosal antimicrobial 
peptides called defensins, (4) normal flora, and (5) secreted IgA antibodies. IgA antibodies are made by B cells located in mucosa-associated lymphoid tissues (MALT). These lymphoid 
aggregates are covered by a single layer of specialized epithelial cells called M cells. M cells are important for transport of antigens to MALT and for binding and uptake of numerous gut 

pathogens, including poliovirus, enteropathic Escherichia coli, Vibrio cholerae, Salmonella typhi, and Shigella flexneri. [12] 

Infections via the gastrointestinal tract occur when local defenses are weakened or the organisms develop strategies to overcome these defenses. Host defenses are weakened by low gastric 
acidity, by antibiotics that unbalance the normal bacterial flora (e.g., in pseudomembranous colitis), or when there is stalled peristalsis or mechanical obstruction (e.g., in blind loop 
syndrome). Most enveloped viruses are killed by the bile and digestive enzymes, but nonenveloped viruses may be resistant (e.g., the hepatitis A virus, rotaviruses, reoviruses, and Norwalk 
agents).
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Enteropathogenic bacteria elicit gastrointestinal disease by a variety of mechanisms: 

• While growing on contaminated food, certain staphylococcal strains release powerful enterotoxins that cause food poisoning symptoms without any bacterial multiplication in the 
gut.
• V. cholerae and toxigenic E. coli multiply inside the mucous layer overlying the gut epithelium and release exotoxins that cause the gut epithelium to secrete high volumes of 
watery diarrhea.
• Shigella, Salmonella, and Campylobacter invade and damage the intestinal mucosa and lamina propria and so cause ulceration, inflammation, and hemorrhage, clinically 

manifested as dysentery.[13] 
• S. typhi passes from the damaged mucosa through Peyer patches and mesenteric lymph nodes and into the bloodstream, resulting in a systemic infection.

Fungal infection of the gastrointestinal tract occurs mainly in immunologically compromised patients. Candida, part of the normal gastrointestinal flora, shows a predilection for stratified 
squamous epithelium, causing oral thrush or membranous esophagitis, but may also disseminate to the stomach, lower gastrointestinal tract, and systemic organs.

The cyst forms of intestinal protozoa are essential for their transmission because cysts resist stomach acid. In the gut, cysts convert to motile trophozoites and attach to sugars on the 
intestinal epithelia through surface lectins. Thereafter, there is wide species variation. Giardia lamblia attaches to the epithelial brush border, whereas cryptosporidia are taken up by 
enterocytes, in which they form gametes and spores. Entamoeba histolytica causes contact-mediated cytolysis through a channel-forming pore protein and thereby ulcerates and invades the 
colonic mucosa. Intestinal helminths, as a rule, cause disease only when they are present in large numbers or in ectopic sites, for example, by obstructing the gut or invading and damaging 
the bile ducts (Ascaris lumbricoides). Hookworms may cause iron deficiency anemia by chronic loss of blood sucked from intestinal villi; the fish tapeworm Diphyllobothrium latum can 
deplete its host of vitamin B12 , giving rise to an illness resembling pernicious anemia. Finally, the larvae of several helminth parasites pass through the gut briefly on their way toward 

another organ habitat; for example, Trichinella spiralis larvae preferentially encyst in muscle, Echinococcus species larvae in the liver or lung.

Respiratory Tract.

Some 10,000 microorganisms, including viruses, bacteria, and fungi, are inhaled daily by every city inhabitant. The distance these microorganisms travel into the respiratory system is 

inversely proportional to their size.[11] Large microbes are trapped in the mucociliary blanket that lines the nose and the upper respiratory tract. Microorganisms are trapped in the mucus 
secreted by goblet cells and are then transported by ciliary action to the back of the throat, where they are swallowed and cleared. Organisms smaller than 5 µm travel directly to the alveoli, 
where they are phagocytosed by alveolar macrophages or by neutrophils recruited to the lung by cytokines.



Damage to the mucociliary defense results from repeated insults in smokers and patients with cystic fibrosis, while acute injury occurs in intubated patients and in those who aspirate 
gastric acid. Successful respiratory microbes evade the mucociliary defenses in part by attaching to epithelial cells in the lower respiratory tract and pharynx. For example, influenza viruses 
possess hemagglutinin proteins that project from the surface of the virus and bind to sialic acid on the surface of epithelial cells. This attachment induces the host cell to engulf the virus, 
leading to viral entry and replication within the host cell. However, sialic acid binding prevents newly synthesized viruses from leaving the host cell. Influenza viruses have another cell 
surface protein, neuraminidase, which cleaves sialic acid and allows virus to release from the host cell. Neuraminidase also lowers the viscosity of mucus and facilitates viral transit within 
the respiratory tract. Interestingly, some anti-influenza drugs are sialic acid analogs that inhibit neuraminidase and prevent viral release from host cells.

Certain respiratory bacterial pathogens can impair ciliary activity. For instance, Haemophilus influenza and Bordetella pertussis elaborate toxins that paralyze mucosal cilia; Pseudomonas 
aeruginosa, a cause of severe respiratory infection in persons with cystic fibrosis, and Mycoplasma pneumoniae produce ciliostatic substances. Some bacteria such as Streptococcus 
pneumoniae or Staphylococcus species lack specific adherence factors and often gain access after viral infection causes loss of ciliated epithelium, making individuals who have had viral 
respiratory infection more susceptible to secondary bacterial respiratory infection. Mycobacterium tuberculosis, in contrast, gains its foothold in normal alveoli because it is able to escape 
phagocytic killing by macrophages. Growth requirements for microorganisms can determine their site of infection in the respiratory tract. For example, rhinoviruses, which cause the 
common cold, grow optimally at 33°C, the temperature of the nasal mucosa, but grow poorly at 37°C, the temperature of the lower respiratory tract. Finally, opportunistic fungi infect the 
lungs when cellular immunity is depressed or when leukocytes are reduced in number (e.g., P. jiroveci [carinii] in AIDS patients and Aspergillus species in chemotherapy patients).

Urogenital Tract.

The urinary tract is almost always invaded from the exterior via the urethra.[11] The regular flushing of the urinary tract with urine serves as a defense against invading microorganisms. 
Urine in the bladder is normally sterile, and successful pathogens (e.g., gonococci, E. coli) adhere to the urinary epithelium. Anatomy is an important factor for infection. Women have 
more than 10 times as many urinary tract infections (UTIs) as men, because the distance between the urinary bladder and skin (i.e., the length of the urethra) is 5 cm, in contrast to 20 cm in 
men. Obstruction of urinary flow and/or reflux can compromise normal defenses and increase susceptibility to UTIs. UTIs can spread retrogradely from the bladder to the kidney and cause 
acute and chronic pyelonephritis, which is the major preventable cause of renal failure.

From puberty until menopause, the vagina is protected from pathogens by a low pH resulting from catabolism of glycogen in the normal epithelium by lactobacilli. Antibiotics can kill the 
lactobacilli and make the vagina susceptible to infection. To be successful as pathogens, microorganisms have developed specific mechanisms for attaching to vaginal or cervical mucosa 
or enter via local breaks in the mucosa during sex (genital warts, syphilis).
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Spread and Dissemination of Microbes

Some microorganisms proliferate locally, at the site of infection, whereas others penetrate the epithelial barrier and spread to other sites via the lymphatics, the blood, or nerves[11] ( Fig. 
8-4 ). Some of the superficial pathogens stay confined to the lumen of hollow viscera (e.g., cholera); others adhere to or proliferate exclusively in or on epithelial cells (e.g., 
papillomaviruses, dermatophytes). A variety of pathogenic bacteria, fungi, and helminths are invasive by virtue of their motility or ability to secrete lytic enzymes (e.g., streptococci and 
staphylococci secrete hyaluronidase, which degrades the extracellular matrix between host cells). Microbial spread initially follows tissue planes of least resistance and regional lymphatic 
and vascular anatomy. For example, staphylococcal infections may progress from a localized abscess or furuncle to regional lymphadenitis that sometimes leads to bacteremia and 
colonization of distant organs (heart, liver, brain, kidney, bone). Within the blood, microorganisms may be transported free or within host cells. Some viruses (e.g., poliovirus and HBV), 
most bacteria and fungi, some protozoa (e.g., African trypanosomes), and all helminths are transported free in the plasma. Leukocytes can carry herpesviruses, HIV, mycobacteria, and 
Leishmania and Toxoplasma organisms. Certain viruses (e.g., Colorado tick fever virus) and parasites (Plasmodium and Babesia) are carried by red blood cells. Viruses also may propagate 

 



Figure 8-4 Routes of entry, dissemination, and release of microbes from the body. (Adapted from Mims CA: The Pathogenesis of Infectious Disease, 4th ed. San Diego, CA, Academic 
Press, 1996.) 

 

TABLE 8-7 -- Classification of Important Sexually Transmitted Diseases



 Disease or Syndrome and Population Principally Affected

Pathogens Males Both Females

Viruses

••Herpes simplex virus  Primary and recurrent herpes, neonatal herpes  

••Hepatitis B virus  Hepatitis  

••Human papillomavirus Cancer of penis (some cases) Condyloma acuminatum Cervical dysplasia and cancer, vulvar cancer

••Human immunodeficiency virus  Acquired immunodeficiency syndrome  

Chlamydiae

••Chlamydia trachomatis Urethritis, epididymitis, proctitis Lymphogranuloma venereum Urethral syndrome, cervicitis, bartholinitis, 
salpingitis and sequelae

Mycoplasmas

••Ureaplasma urealyticum Urethritis   

Bacteria

••Neisseria gonorrhoeae Epididymitis, prostatitis, urethral 
stricture

Urethritis, proctitis, pharyngitis, disseminated 
gonococcal infection

Cervicitis, endometritis, bartholinitis, salpingitis, 
and sequelae (infertility, ectopic pregnancy, 
recurrent salpingitis)

Treponema pallidum  Syphilis  

Haemophilus ducreyi  Chancroid  

Calymmatobacterium granulomatis  Granuloma inguinale (donovanosis)  

Shigella * Enterocolitis   

Campylobacter * Enterocolitis   

Protozoa Vaginitis

••Trichomonas vaginalis Urethritis, balanitis   

••Entamoeba histolytica * Amebiasis   

••Giardia lamba * Giardiasis   

Modified and updated from Krieger JN: Biology of sexually transmitted diseases. Urol Clin North Am 11:15, 1984.

*Most important in homosexual populations. 

 
 
 
Syphilis is discussed later in this chapter, and other STIs are described in Chapter 21 and Chapter 22 .



HOW MICROORGANISMS CAUSE DISEASE

Infectious agents establish infection and damage tissues in three ways: 

• They can contact or enter host cells and directly cause cell death.
• They may release toxins that kill cells at a distance, release enzymes that degrade tissue components, or damage blood vessels and cause ischemic necrosis.
• They can induce host cellular responses that, although directed against the invader, cause additional tissue damage, usually by immune-mediated mechanisms. Thus, as we 
discussed in Chapter 2 and Chapter 6 , the defensive responses of the host are a two-edged sword: They are necessary to overcome the infection but at the same time may directly 
contribute to tissue damage.

Here we describe some of the mechanisms whereby viruses and bacteria damage host tissues.

Mechanisms of Viral Injury

Viruses can directly damage host cells by entering them and replicating at the host's expense. The predilection for viruses to infect certain cells and not others is called tissue tropism and is 
determined by several factors, including (1) host cell receptors for the virus, (2) cellular transcription factors that recognize viral enhancer and promoter sequences, (3) anatomic barriers, 

and (4) local temperature, pH, and host defenses.[15] Each of these is described briefly.

A major determinant of tissue tropism is the presence of viral receptors on host cells. Viruses possess specific cell-surface proteins that bind to particular host cell-surface proteins. Many 
viruses use normal cellular receptors of the host to enter cells. For example, HIV gp120 binds to CD4 on T cells and to the chemokine receptors CXCR4 (mainly on T cells) and CCR5 
(mainly on macrophages). Rhinoviruses bind to the same site on ICAM-1 as LFA-1, an integrin on the surface of lymphocytes that is an important adhesion molecule for lymphocyte 

activation and migration.[16] In some cases, host proteases are needed to enable binding of virus to host cells; for instance, a host protease cleaves and activates the influenza virus 
hemagglutinin.
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Another determinant of viral tropism is the ability of the virus to replicate inside some cells but not in others, and this is related to the presence of cell-type—specific transcription factors. 
For example, the JC virus, which causes leukoencephalopathy ( Chapter 28 ), is restricted to oligodendroglia in the central nervous system because the promoter and enhancer DNA 
sequences upstream from the viral genes are active in glial cells but not in neurons or endothelial cells. Physical barriers also can contribute to tissue tropism. For example, enteroviruses 
replicate in the intestine in part because they can resist inactivation by acids, bile, and digestive enzymes. Rhinoviruses replicate only within the upper respiratory tract because they survive 
optimally at the lower temperature of the upper respiratory tract.

Once viruses are inside host cells, they can kill the cells and/or cause tissue damage in a number of ways ( Fig. 8-5 ): 

• Viruses may inhibit host cell DNA, RNA, or protein synthesis. For example, poliovirus inactivates cap-binding protein, which is essential for translation of host cell mRNAs, but 
leaves translation of poliovirus mRNAs unaffected.
• Viral proteins may insert into the host cell's plasma membrane and directly damage its integrity or promote cell fusion (HIV, measles virus, and herpesviruses).
• Viruses may lyse host cells. For example, respiratory epithelial cells are killed by influenza virus replication, liver cells by yellow fever virus, and neurons by poliovirus and 
rabies virus.
• Viruses may manipulate programmed cell death (apoptosis). Some virus-encoded proteins (including TAT and gp120 of HIV, adenovirus E1A) can induce cell death. In contrast, 



some viruses encode one or more genes that inhibit apoptosis (e.g., homologues of the cellular bcl-2 gene), suggesting that apoptotic cell death may be a protective host response to 
eliminate virus-infected cells. It has been hypothesized that viral antiapoptotic strategies may enhance viral replication, promote persistent viral infections, or promote virus-

induced cancers.[17] 
• Viral proteins on the surface of the host cells may be recognized by the immune system, and the host lymphocytes may attack the virus-infected cells. Acute liver failure during 
hepatitis B infection may be accelerated by cytotoxic T lymphocyte (CTL)-mediated destruction of infected hepatocytes (a normal response to clear the infection). FAS ligand on 

CTLs, which bind to FAS receptors on the surface of hepatocytes, also can induce apoptosis in target cells.[18] 
• Viruses may damage cells involved in host antimicrobial defense, leading to secondary infections. For example, viral damage to respiratory epithelium predisposes to the 
subsequent development of pneumonia by Streptococcus pneumoniae and Haemophilus influenzae. HIV depletes CD4+ helper lymphocytes and thereby causes opportunistic 
infections.
• Viral killing of one cell type may cause the death of other cells that depend on them. For example, denervation by the attack of poliovirus on motor neurons causes atrophy and 
sometimes death of distal skeletal muscle supplied by such neurons.
• Some viruses can cause cell proliferation and transformation (e.g., EBV, HBV, human papillomavirus, or HTLV-1), resulting in cancer. The mechanisms of viral transformation 
are numerous and are discussed in Chapter 7 .

 
Figure 8-5 Mechanisms by which viruses cause injury to cells. 



 

TABLE 8-8 -- Pathogens with Significant Antigenic Variation

Rhinoviruses Colds

Influenza virus Influenza

Neisseria gonorrhoeae Gonorrhea

Borrelia hermsii Relapsing fever

Borrelia burgdorferi Lyme disease



Trypanosoma brucei African sleeping sickness

Giardia lamblia Giardiasis

Plasmodium falciparum Severe malaria
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neutrophils and macrophages.[33] The carbohydrate capsule on the surface of all the major bacteria that cause pneumonia or meningitis (pneumococcus, meningococcus, Haemophilus 
influenzae) makes them more virulent by shielding bacterial antigens and by preventing phagocytosis of the organisms by neutrophils. For example, E. coli with the sialic acid-containing 
K1 capsule causes meningitis in newborns. Sialic acid will not bind C3b, which is critical for activation of the alternative complement pathway, so the bacteria escape from complement-
mediated lysis and opsonization-directed phagocytosis. Many bacteria make toxic proteins that kill phagocytes, prevent their migration, or diminish their oxidative burst. Bacteria also can 
circumvent immune defenses by covering themselves with host proteins. S. aureus are covered by protein A molecules that bind the Fc portion of antibodies and so inhibit phagocytosis. 
Neisseria, Haemophilus, and Streptococcus all secrete proteases that degrade antibodies. Another successful strategy for circumventing phagocytic defense mechanisms is to replicate 
within phagocytic cells. A number of viruses, rickettsias, some intracellular bacteria (including mycobacteria, Listeria, and Legionella), fungi (e.g., Cryptococcus neoformans), and 
protozoa (e.g., leishmania, trypanosomes, toxoplasmas) can multiply within phagocytes.

Viruses can produce molecules that inhibit innate immunity.[15] [35] [36] Some viruses (e.g., herpesviruses and poxviruses) produce proteins that block complement activation. Viruses have 
developed a large number of strategies to combat interferons (IFN), an early host defense against viruses. Some viruses produce soluble homologues of IFN-α/β or IFN-γ receptors that 
inhibit actions of extracellular IFNs, or produce proteins that inhibit intracellular JAK/STAT signaling downstream of IFN receptors or inactivate or inhibit dsRNA-dependent protein 
kinase (PKR), a key mediator of the antiviral effects of IFN. Viruses also can produce homologues of chemokines or chemokine receptors, and these can function as antagonists and inhibit 
recruitment of inflammatory cells to favor survival of viruses. Viruses also can produce soluble cytokine mimics (e.g., EBV produces a homologue of the immunosuppressive cytokine IL-
10) or soluble cytokine receptor homologues.

Some microbes can decrease recognition of infected cells by CD4+ helper T cells and CD8+ cytotoxic T cells. For example, several DNA viruses (e.g., herpesviruses, including HSV, 

HCMV, and EBV) can bind to or alter localization of MHC class I proteins, impairing peptide presentation to CD8+ T cells[36] [37] ( Fig. 8-6 ). Downregulation of MHC class I molecules 
might make it likely that virus-infected cells would be targets for NK cells. However, herpesviruses also express MHC class I homologues that act as effective inhibitors of NK cells by 
engaging killer inhibitory receptors ( Chapter 6 ). Similarly, herpesviruses can target MHC class II molecules for degradation, impairing antigen presentation to CD4+ T helper cells. 
Viruses also can infect lymphocytes and directly compromise their function. HIV infects CD4+ T cells, macrophages, and dendritic cells, and EBV infects B lymphocytes.

INFECTIONS IN IMMUNOSUPPRESSED HOSTS

Different types of immunosuppression affect different cells of the immune system. The opportunistic infections that an immunosuppressed person contracts depend on the types of 

 
Figure 8-6 Inhibition of MHC expression by viruses. The steps at which different viruses inhibit the class I MHC antigen presentation pathway are shown. (Modified with permission from 
Abbas AK, Lichtman AH: Cellular and Molecular Immunology, 5th ed., Philadelphia, Saunders, 2003.) 





 

TABLE 8-9 -- Special Techniques for Diagnosing Infectious Agents

Gram stain Most bacteria

Acid-fast stain Mycobacteria, nocardiae (modified)

Silver stains Fungi, legionellae, pneumocystis

Periodic acid-Schiff Fungi, amebae

Mucicarmine Cryptococci

Giemsa Campylobacteria, leishmaniae, malaria parasites

Antibody probes Viruses, rickettsiae

Culture All classes

DNA probes Viruses, bacteria, protozoa

 
of a lesion rather than at its center, particularly if there is necrosis.

Nucleic acid-based tests have become routine methods for detecting or quantifying several pathogens. Molecular diagnostics have become particularly important in the care of people 

infected with HIV.[40] Quantification of the viral RNA is an important guide to antiretroviral therapy. The management of hepatitis B and C infections is similarly guided by nucleic acid-
based viral quantification or typing to predict resistance to antiviral drugs.

Nucleic acid amplification tests (NAATs), such as polymerase chain reaction (PCR) and transcription-mediated amplification, have become routine for diagnosis of gonorrhea, chlamydia, 

tuberculosis, and herpes encephalitis. In some cases, molecular assays are much more sensitive than conventional testing.[41] [42] PCR testing of cerebrospinal fluid (CSF) for herpes 
simplex virus encephalitis has a sensitivity of about 80%, while viral culture of CSF has a sensitivity of less than 10%. Similarly, NAATs for genital chlamydia detect 10% to 30% more 
infections than does conventional chlamydia culture. In other cases, such as gonorrhea, the sensitivity of NAAT testing is similar to that of culture.

SPECTRUM OF INFLAMMATORY RESPONSES TO INFECTION

In contrast to the vast molecular diversity of microbes, the morphologic patterns of tissue responses to microbes are limited, as are the mechanisms directing these responses. At the 
microscopic level, therefore, many pathogens produce identical reaction patterns, and few features are unique or pathognomonic for a particular microorganism. Moreover, it is the 
interaction between the microorganism and the host that determines the histologic features of the inflammatory response. Thus, pyogenic bacteria, which normally evoke vigorous 
leukocyte responses, may cause rapid tissue necrosis with little leukocyte exudation in a profoundly neutropenic host. Similarly, in a normal patient, M. tuberculosis causes well-formed 
granulomas with few mycobacteria present, whereas in an AIDS patient, the same mycobacteria multiply profusely in macrophages, which fail to coalesce into granulomas.

There are five major histologic patterns of tissue reaction in infections.

Suppurative (Polymorphonuclear) Inflammation

This pattern is the reaction to acute tissue damage, described in Chapter 2 , characterized by increased vascular permeability and leukocytic infiltration, predominantly of neutrophils ( Fig. 
8-7 ). The neutrophils are attracted to the site of infection by release of chemoattractants from the "pyogenic" bacteria that evoke this response, mostly extracellular Gram-positive cocci 
and Gram-negative rods. Massing of neutrophils forms pus. The sizes of exudative lesions vary from tiny microabscesses formed in multiple organs during bacterial sepsis secondary to a 



colonized heart valve to diffuse involvement of entire lobes of the lung during pneumonia. How destructive the lesions are depends on their location and the organism involved. For 
example, pneumococci usually spare alveolar walls and cause lobar pneumonia that resolves
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Figure 8-7 Pneumococcal pneumonia. Note the intra-alveolar polymorphonuclear exudate and intact alveolar septa. 

 

Figure 8-8 Secondary syphilis in the dermis with perivascular lymphoplasmacytic infiltrate and endothelial proliferation. 

 

Figure 8-9 Herpesvirus blister in mucosa. See Figure 8-13 for viral inclusions. 



 

Figure 8-10 Schistosoma haematobium infection of the bladder with numerous calcified eggs and extensive scarring. 

 

Figure 8-11 Measles giant cells in the lung. Note the glassy eosinophilic intranuclear inclusions. 

 

Figure 8-12 High-power view of cells from the blister in Figure 8-9 showing glassy intranuclear herpes simplex inclusion bodies. 



 

Figure 8-13 Cytomegalovirus: distinct nuclear and ill-defined cytoplasmic inclusions in the lung. 

 

Figure 8-14 Skin lesion of chickenpox (varicella zoster virus) with intraepithelial vesicle. 

 

Figure 8-15 Dorsal root ganglion with varicella zoster virus infection. Note the ganglion cell necrosis and associated inflammation. (Courtesy of Dr. James Morris, Radcliffe Infirmary, 
Oxford, England.) 



 

Figure 8-16 Pathways of transmission of the Epstein-Barr virus. In an individual with normal immune function, infection leads to mononucleosis. In the setting of cellular 
immunodeficiency, proliferation of infected B cells is uncontrolled and may cause B-cell neoplasms. One secondary genetic event that collaborates with Epstein-Barr virus (EBV) to cause 
B-cell transformation is a balanced 8;14 chromosomal translocation, which is seen in Burkitt lymphoma. EBV has also been implicated in the pathogenesis of nasopharyngeal carcinoma, 
Hodgkin disease, and certain other rare non-Hodgkin lymphomas. 



 

Figure 8-17 Atypical lymphocytes in infectious mononucleosis. 



 

Figure 8-18 The many consequences of staphylococcal infection. 



 

Figure 8-19 Staphylococcal abscess of the lung with extensive neutrophilic infiltrate and destruction of the alveoli (contrast with Figure 8-8 ). 

 

Figure 8-20 Streptococcal erysipelas. 

 

Figure 8-21 Membrane of diphtheria lying within a transverse bronchus (A) and forming a perfect cast (removed from the lung) of the branching respiratory tree (B). 



 

Figure 8-22 Mechanism of action of anthrax toxins. (Adapted from Mourez et al: 2001: a year of major advances in anthrax toxin research. Trends Microbiol 10(6):287, 2002.) 



 

Figure 8-23 B. anthracis in the subcapsular sinus of a hilar lymph node of a patient who died of inhalational anthrax. (Courtesy of Dr. Lev Grinberg, Department of Pathology, Hospital 
40, Ekaterinburg, Russia and Dr. David Walker, UTMB Center for Biodefense and Emerging Infectious Diseases, Galveston, TX.) 

 

Figure 8-24 Nocardia asteroides in a Gram-stained sputum sample. Note the beaded, branched Gram-positive organisms and leukocytes. (Courtesy of Dr. Ellen Jo Baron, Stanford 
University Medical Center, Stanford, CA.) 



 

Figure 8-25 Gonococcal culture showing pili, as seen by scanning microscopy (A), and in clusters, as seen by transmission electron microscopy (B). (Courtesy of Dr. John Swanson, Rocky 
Mountain Laboratories, Hamilton, MT.) 

 

Figure 8-26 Whooping cough showing a haze of bacilli (arrows) etangled with the cilia of bronchial epithelial cells. 



 

Figure 8-27 Pseudomonas vasculitis in which masses of organisms form a perivascular blue haze. 

 

Figure 8-28 The sequence of events in primary pulmonary tuberculosis, commencing with inhalation of virulent M. tuberculosis and culminating with the development of cell-mediated 
immunity to the organism. A, Events occurring in the first 3 weeks after exposure. B, events thereafter. The development of resistance to the organism is accompanied by the appearance of 
a positive tuberculin test. Cells and bacteria are not drawn to scale. iNOS, inducible nitric oxide synthase; MHC, major histocompatibility complex; MTB, M. tuberculosis; NRAMP1, 
natural resistance-associated macrophage protein. 



 

Figure 8-29 The natural history and spectrum of tuberculosis. (Adapted from a sketch provided by Dr. R. K. Kumar, The University of New South Wales, School of Pathology, Sydney, 
Australia.) 



 

Figure 8-30 Primary pulmonary tuberculosis, Ghon complex. The gray-white parenchymal focus is under the pleura in the lower part of the upper lobe. Hilar lymph nodes with caseation 
are seen on the left. 



 

Figure 8-31 The morphologic spectrum of tuberculosis. A characteristic tubercle at low magnification (A) and in detail (B) illustrates central caseation surrounded by epithelioid and 
multinucleated giant cells. This is the usual response seen in patients who have developed cell mediated immunity to the organism. Occasionally, even in immunocompetent individuals, 
tubercular granulomas might not show central caseation (C); hence, irrespective of the presence or absence of caseous necrosis, special stains for acid-fast organisms need to be performed 
when granulomas are present in histologic section. In immunosuppressed individuals, tuberculosis may not elicit a granulomatous response ("nonreactive tuberculosis"); instead, sheets of 
foamy histiocytes are seen, packed with mycobacteria that are demonstrable with acid-fast stains (D). (D, Courtesy of Dr. Dominick Cavuoti, Department of Pathology, University of Texas 
Southwestern Medical School, Dallas, TX.) 



 

Figure 8-32 Secondary pulmonary tuberculosis. The upper parts of both lungs are riddled with gray-white areas of caseation and multiple areas of softening and cavitation. 



 

Figure 8-33 Miliary tuberculosis of the spleen. The cut surface shows numerous gray-white granulomas. 

 

Figure 8-34 Mycobacterium avium infection in a patient with AIDS, showing massive infection with acid-fast organisms. 

 














































































































































