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Ralph D. Feigin, MD  
April 3, 1938–August 14, 2008

This eighth edition of the Textbook of Pediatric Infectious Diseases is 
dedicated to Ralph D. Feigin. As everyone in pediatrics and, in particular, 
pediatric infectious diseases, knows, Ralph was an extraordinary individual, 
and his untimely death in 2008 leaves a void that will never be filled.

Ralph Feigin was born in New York City on April 3, 1938. He gradu-
ated from Columbia College in New York City in 1958 and received 
his M.D. from Boston University School of Medicine in 1962. He married 
Judith S. Zobel, a childhood friend, in 1960 while in medical school. 
Ralph completed his first two years of pediatric residency at Boston 
City Hospital and his third year at the Massachusetts General Hospital. 
He then fulfilled his military service requirement at the United States 
Army Research Institute of Infectious Diseases, Ft. Detrick, Frederick, 
Maryland. While at the United States Army Research Institute, he 
participated in significant studies relating to circadian periodicity and 
susceptibility to infections, as well as other studies that resulted in eight 
publications for which he was the first author. After completing his 
service commitment, he was Chief Resident at Massachusetts General 
Hospital during the 1967-68 academic year.

Ralph was recruited to Washington University in St. Louis by Phil 
Dodge in 1968, and soon thereafter he and one of us (JDC), who was 
then at St. Louis University, got together and forged an academic and 
personal friendship that continued until the time of his death. Over 40 
years ago, Ralph and Jim recognized the need for a comprehensive book 
on pediatric infectious diseases, but because of their busy schedules 
the plan was put on hold, and in 1973 Jim moved to California. In 
1976, the pediatric research meetings were held in St. Louis, and at this 
time Jim and Ralph met with W. B. Saunders representatives, and the 
book was conceived. The first edition of the textbook was published 5 
years later in the fall of 1981. In comparison with this 8th edition, it 
was a modest effort, with 44 chapters and 124 contributors.

At Washington University and St. Louis Children’s Hospital, Ralph 
developed one of the finest infectious diseases divisions in the country. 
His “Feigin Rounds” were an unparalleled learning experience and were 
legendary among medical students and residents. In 1977, Ralph moved 
to Houston, Texas, to accept the challenge of being the Chair of Pediatrics 
for Baylor College of Medicine and the Physician-in-Chief at Texas 
Children’s Hospital. During the ensuing 30 years, the Department grew 
from 43 faculty members to almost 500. One of us (SLK) came under 
Ralph’s spell in St. Louis and moved to Houston with him. Another 
one of us (GJH), an intern in Houston in 1977, was waiting for Dr. 
Feigin when he arrived.

In Houston, Ralph served as the Chair of Pediatrics for Baylor College 
of Medicine and the Physician-in-Chief at Texas Children’s Hospital 
for 31 years. For 7 years of his tenure, he also served as President and 
CEO of Baylor College of Medicine. In addition to his commitments 
in Houston, Ralph served in leadership roles on more than 100 local, 
regional, and national committees and professional societies. His efforts 
in persuading government officials of all ranks helped children in Texas, 
the United States, and in all parts of the world. Many consider him to 
have been the foremost pediatrician in the world.

Not only was Dr. Feigin a powerhouse of energy, speed, and unsur-
passed accomplishments, but he also was a gentleman, full of compassion, 
warmth, and kindness, and a man who kept people and patients first 
in his heart and mind. He was a loving husband to his wife, Judy, and 
a proud father to his three children, Susan, Debra, and Michael; doting 
grandfather to his six grandchildren, Rebecca, Matthew, Sarah, Rachel, 
Jacob, and Eli; and a mentor to so many in the field of pediatrics and 
pediatric infectious diseases. Ralph Feigin is missed by everyone who 
knew him, particularly by Judy Feigin and the family as well as by the 
present editors of this eighth edition of Feigin and Cherry.
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Preface

Morbidity and mortality rates related to infectious diseases decreased 
dramatically during the first half of the 20th century in the developed 
world because of major improvements in public health (e.g., clean 
water, adequate sanitation, and vector control) and personal health. 
Further major reductions occurred in the second half of that century 
following the introduction of antimicrobial therapy, as well as active 
and passive immunization efforts. Despite these advances, infectious 
diseases in the developed world remain the leading cause of morbidity 
in infants and children in the 21st century. Children in the United  
States continue to experience three to nine respiratory infections and one 
to three gastrointestinal illnesses annually, requiring visits to physicians 
that outnumber the visits made for the purpose of well-child care. 
Infectious diseases are also the most common cause of school absenteeism.

Children in low and middle income countries also experience high 
rates of respiratory and gastrointestinal infections, which are often more 
severe and more frequent than those in children in the developed world. 
In addition, in the developing world there are great morbidity and 
mortality due to parasitic and vector-borne diseases. Also of importance 
are “spillover” infectious diseases such as Ebola, which because of 
increased urbanization resulted in an extensive epidemic in three African 
countries in 2014–15. In addition, mosquito-borne diseases such as 
Zika and Chikungunya have increased in prevalence in the Americas.

In more recent years, the emergence of resistance to multiple antibiot-
ics by a large number of bacterial microorganisms (e.g., community-
associated methicillin-resistant Staphylococcus aureus) has contributed 
to this infection-related morbidity and mortality, as have new infectious 
agents (e.g., SARS and MERS coronaviruses) and changes in the clinical 
manifestations and severity of established infectious agents (e.g., 
enterovirus 71, swine influenza).

The first edition of Textbook of Pediatric Infectious Diseases was written 
because Drs. Feigin and Cherry and many of their colleagues were 
concerned that no single reference text existed that comprehensively 
covered infectious diseases in children and adolescents. With each 
subsequent edition, including this one, the goal has been to provide 
comprehensive coverage of all subjects pertinent to the study of 
infectious diseases in children. Any attempt to summarize our present 
understanding of infectious diseases for serious students of the subject is 
a formidable task. In many areas, new information continues to accrue 
so rapidly that material becomes dated before it can appear in a text 
of this magnitude. Nevertheless, in this edition the editors and their 
author colleagues have endeavored to provide the most comprehensive 
and up-to-date discussion of pediatric infectious diseases ever compiled. 
This new edition is available online as well as in print. Purchasers can 
access the online version by registering their personal identification 
number (PIN) (found on the inside front cover of the book) at  
expertconsult.inkling.com. Online access includes not only fully search-
able text, photos, illustrations, and tables, but also references linked 
to PubMed.

To provide a text as comprehensive and authoritative as possible, we, 
the editors, have enlisted contributions from a large number of individuals 
whose collective expertise is responsible for whatever success we may have 
had in meeting our objective. We offer our most profound appreciation 
to the 307 fellow contributors from nearly 100 universities or institutions 
in 18 countries for their professional expertise and devoted scholarship. 
Their cooperation and willingness to work with us leave us deeply in their 
debt. Of note is the fact that 10 authors (Carol Baker, Ken Boyer, Jim Cherry, 
Morven Edwards, Chuck Grose, Scott Halstead, Maggie Hammerschlag, 
Shelly Kaplan, Ed Mason, and Barbara Stechenberg) have contributed to 
all eight editions of Textbook of Pediatric Infectious Diseases.

Once again, infectious diseases are discussed according to organ 
systems that may be affected, as well as individually by microorganisms. 
In all sections in which diseases related to specific agents are discussed, 

emphasis has been placed, to the greatest extent possible, on the specificity 
of clinical manifestations that may be related to the organism causing 
the disease. Detailed information regarding the best means to establish 
a diagnosis and explicit recommendations for therapy are provided. In 
the present era of instant information, we have noted that historical 
perspectives relating to disease categories, as well as specific agents, are 
ignored. Because history is an important teacher, we have retained 
relevant historical details in this eighth edition.

Throughout the 37 years and eight-edition history of the Textbook of 
Pediatric Infectious Diseases, a number of classic chapters exist (e.g., measles, 
rubella, enteroviruses, and mycoplasma infections). The data in these 
chapters are unavailable in any other single-source publication.

The entire text of this eighth edition has been revised extensively. 
The seventh edition contained almost 4000 pages even though we 
included only new references in the print edition, which is close to the 
maximum that can be included in a two-volume book. Therefore, with 
this eighth edition, we were faced with a major dilemma: specifically, 
how to include new important material that had become available since 
the seventh edition but not to substantially increase the size of the 
book. We approached this dilemma in two ways. One problem in previous 
editions was redundancy, which we have addressed by combining 
information in some previous separate chapters into more concise single 
presentations and by shortening some chapters. The second way, which 
we introduced in the last edition, is to print only new references. The 
electronic version of the text contains all references.

This edition continues the format that was initiated in the fourth 
edition, in that infections with specific microorganisms have been 
organized to provide appropriate emphasis on the common features 
that may relate specific microorganisms to one another. Thus, all gram-
positive coccal organisms are presented sequentially and are followed 
by gram-negative cocci, gram-positive bacilli, enterobacteria, gram-
negative coccobacilli, Treponemataceae, anaerobic bacteria, and so forth. 
In addition, special sections of the text have been devoted to discussions 
of each of the following: molecular determinants of microbial patho-
genesis; immunologic and phagocytic responses to infection; metabolic 
response of the host to infections; interaction of infection and nutrition; 
pathogenesis and treatment of fever; the human microbiome; epidemiol-
ogy and biostatistics of infectious diseases; infections of the compromised 
host; Kawasaki disease; chronic fatigue syndrome; international travel 
issues for children; infectious disease problems of international adoptees 
and refugees; nosocomial infections; prevention and control of infections 
in hospitalized children; pharmacology and pharmacokinetics of 
antibacterial, antiviral, antifungal, and antiparasitic agents; immuno-
modulating agents; active and passive immunizing agents; public health 
considerations; infections in day care environments; and use of the 
bacteriology, mycology, parasitology, virology, and serology laboratories. 
The section on infections in the compromised host has again been 
expanded. This expansion has been necessitated by the large number 
of children, particularly transplant recipients, who have many infectious 
disease problems and constitute a large part of the consulting practice 
of many pediatric infectious disease physicians.

With some sadness, we have retained a section on bioterrorism, 
which is necessitated by the current state of world affairs. The section 
on immunomodulating agents and their potential use in the treatment 
of infectious diseases has been expanded because information on this 
subject has become more extensive since the publication of the last 
edition. We have also expanded the section on Ebola virus and included 
a new chapter on Zika virus.

This project could not have been brought to fruition without the 
help and assistance of many people whose names do not appear in the 
text. No words are sufficient to adequately convey our gratitude appro-
priately; we hope that they know they have our heartfelt thanks.

http://www.expertconsult.inkling.com/
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We would like to single out certain individuals for specific mention. 
First and foremost, we convey our appreciation to Laura Wennstrom 
Sheehan for the many hours she devoted to this edition. In her spare 
time between her position as Manager of Research Administration for 
the UCLA Department of Family Medicine and raising her young 
daughter, she coordinated the overall process of moving the book forward. 
She tended to numerous details relating to copyediting, transcribing, 
references, timing, and communication between the editors and Elsevier. 
Her expertise in EndNote was invaluable to the authors, editors, and 
publishing team for the organization of countless references throughout 
this edition. We are extremely grateful to have her as a part of our team. 
We would also like to acknowledge the hard work of Jordan Mann who 
assisted Laura throughout this process.

The following students at UCLA played a key role in processing 
chapters and in particular helping with references: Lauren M. Nguyen, 
David Dang, and Jewel Powe. We would also like to thank Nathaniel 
Wilder Wolf at Baylor who coordinated all the parasite chapters.

Of course this eighth edition of Textbook of Pediatric Infectious Diseases 
would not have been possible without Elsevier. We have been particularly 

fortunate to have been able to work with Kate Dimock, Executive Content 
Strategist, Clinical Solutions at Elsevier throughout the whole process 
relating to this eighth edition. In addition, the initial planning contribu-
tion by Lauren Elise Boyle, Content Development Specialist, was 
invaluable. This was followed-up by the day-to-day contributions of 
Margaret Nelson, also a Content Development Specialist at Elsevier. 
Margaret kept everyone on track in meeting deadlines.

Finally, we thank the Baylor College of Medicine and Texas Children’s 
Hospital in Houston, Texas, the David Geffen School of Medicine at 
UCLA and the Mattel Children’s Hospital UCLA in Los Angeles, Cali-
fornia, and Duke University School of Medicine in Durham, North 
Carolina for providing an environment that is supportive of intellectual 
pursuits.
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Molecular Determinants of 
Microbial Pathogenesis1 

Despite the availability of a wide variety of antimicrobial agents and 
expansion of vaccination programs, infectious diseases remain a leading 
cause of childhood morbidity and mortality worldwide. A number of 
factors contribute to the increasing importance of infectious agents: 
rates of antimicrobial resistance continue to rise, global travel has become 
routine, and the number of individuals with altered immunity has 
increased. Furthermore, in recent years, microorganisms have been 
implicated in diseases previously considered noninfectious, and a variety 
of new, emerging, and reemerging pathogens have been recognized.

Pathogens are defined as microorganisms that are capable of causing 
disease. However, not all pathogens are equal with respect to their 
pathogenic potential (i.e., their virulence). Many pathogens are, in fact, 
commensal organisms that live in harmony with their host under most 
conditions, causing disease only when normal immune mechanisms 
are disrupted or absent. Other pathogens produce disease even in the 
setting of intact host defenses and almost always cause symptoms.

For a given microbe, pathogenic potential is often determined by 
the genomic content and regulation of virulence-associated genes. Some 
bacterial species are capable of natural transformation and readily acquire 
fragments of DNA from other organisms, thus expanding or altering 
their genetic composition, occasionally with consequences related to 
virulence or antimicrobial resistance. A number of microorganisms 
carry virulence-associated genes on mobile genetic elements, including 
plasmids, transposons, and bacteriophages. These elements may equip 
the organism with genetic information that facilitates rapid adaptation 
to an unfavorable or changing environment. Comparison of genomes 
from pathogenic and nonpathogenic bacteria within a single genus or 
species has led to the identification of pathogenicity islands, which are 
large blocks of chromosomal DNA that are present in pathogens and 
absent from related nonpathogens. These blocks are flanked by insertion 
sequences or repeat elements and differ in nucleotide composition 
relative to the surrounding genome, suggesting acquisition by horizontal 
exchange. Pathogenicity islands in bacteria encode a variety of virulence 
factors, including protein secretion systems, secreted effector molecules, 
adhesins, and regulatory proteins. In an analogous way, some viral 
pathogens such as influenza virus are capable of exchanging nucleic 
acid segments with other viruses, leading to changes in pathogenicity, 
host tropism, and transmissibility.

To be successful, a pathogen must enter the host, occupy an appropri-
ate niche, and then multiply. Sometimes the pathogen will induce damage 
to the host and then spread to other tissues, either near the initial site 
of infection or more distant. Often the pathogen will stop short of 
causing death to the host, maintaining latent infection or producing 
symptoms such as cough or diarrhea that facilitate spread to another 
host. This chapter addresses several key steps in the pathogenic process, 
each illustrated with examples of pathogens and paradigms of relevance 
to infectious diseases in children.

COLONIZATION
Most bacterial infections begin with microbial colonization of a host 
surface, typically the skin, the respiratory tract, the gastrointestinal tract, 
or the genitourinary tract. Although colonization is not sufficient for 
an organism to produce disease, it is a necessary prerequisite. The process 
of bacterial colonization requires specialized microbial factors, called 
adhesins, that promote adherence to host structures and enable these 
organisms to overcome local mechanical defenses such as mucociliary 
function, peristalsis, and urinary flow. The cognate receptors for these 

interactions are generally either carbohydrate or protein structures, in 
some cases expressed on host cells and in other instances present in 
mucosal secretions or in submucosal tissue.

Pilus Adhesins
Perhaps most common among bacterial adhesins are hairlike fibers 
called pili (also called fimbriae). Pili are heteropolymeric protein 
structures comprised largely of a major subunit usually ranging in size 
from 15 to 25 kDa. Because of their size and morphology, most pili 
can be visualized by negative-staining transmission electron microscopy.

The prototype example among adhesive pili is the P (or Pap) pilus, 
which is expressed by uropathogenic Escherichia coli (UPEC) and has 
been strongly associated with pyelonephritis. P pili recognize globoseries 
glycolipids, which are host molecules that are characterized by a core 
structure consisting of Gal-α1,4-Gal. The globoseries glycolipids are 
especially abundant in renal epithelium,25 thus accounting for the 
predilection of P-piliated E. coli to adhere to kidney tissue and cause 
pyelonephritis. Type 1 pili are analogous fibers expressed by UPEC and 
bind mannosylated uroplakin proteins in the mammalian bladder to 
initiate cystitis.153 As shown in Fig. 1.1, P pili are composite structures 
and consist of two subassemblies, including a thick rod that emanates 
from the bacterial surface and a thin tip fibrillum that extends dis-
tally.173,270 The pilus rod is a right-handed helical cylinder and is composed 
of repeating PapA subunits, whereas the tip fibrillum has an open helical 
configuration and contains mostly repeating PapE subunits. The two 
subassemblies are joined to each other by the PapK adaptor protein. 
PapG contains the adhesive moiety and is located at the distal end of 
the tip fibrillum, joined to PapE by the PapF adaptor.150

P pili are assembled through a canonical process termed the chaperone-
usher pathway that involves a periplasmic chaperone (PapD) and an 
outer membrane usher (PapC) (see Fig. 1.1).65,174 Subunit proteins (e.g., 
PapA) are translated in the bacterial cytoplasm, enter the periplasm 
through the inner membrane Sec machinery, and are stabilized by 
interaction with the chaperone, which ferries them to the usher. Extrusion 
of the nascent fiber is controlled by a “plug” domain in the usher pore; 
because the periplasm is devoid of adenosine triphosphate (ATP), the 
assembly process is energetically driven by the entropically favorable 
final conformation of the incorporated subunits.189,259 More than 30 
different bacterial adhesive structures are assembled via this chaperone-
usher pathway, with distinct PapD-like chaperones and PapC-like ushers. 
The PapD-like chaperones can be divided into two distinct subfamilies 
based on conserved structural differences that occur near the subunit 
binding site.138 One subfamily is involved in the assembly of rod-like 
pili similar to P pili, whereas the second subfamily participates in the 
biogenesis of more atypical filamentous structures, such as Caf1 of 
Yersinia pestis (the plague bacterium), which forms an amorphous “mat” 
on the bacterial surface. Thus the nature of the chaperone is directly 
correlated with the architecture of the adhesive appendage that it helps 
to assemble.285

Type 4 pili represent a second class of pili and are distinguished  
by a methylated first amino acid (usually phenylalanine); a short,  
positively charged leader sequence; a conserved hydrophobic N- 
terminal domain; and a tendency to form bundle-like structures. Type 
4 pili have been identified in a number of gram-negative bacterial 
pathogens, including Neisseria gonorrhoeae, N. meningitidis, entero-
pathogenic E. coli (EPEC), Vibrio cholerae, Pseudomonas aeruginosa, 
Kingella kingae, Eikenella corrodens, Haemophilus influenzae, and 
Moraxella species.32,99,193,208,250,256,272,296,323 Although the mechanism of 
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primarily from Fap1, a 200-kDa protein that includes an unusually 
long (50 amino acids) signal sequence and a cell-wall sorting signal 
typical of other gram-positive bacterial surface proteins.338,339 Specific 
glycosylation of Fap1 appears critical to the adhesive function of this 
fimbrial protein.27,293,337 Interestingly, similar to gram-negative bacterial 
pili, long fimbriae appear to have a composite structure with a pilus 
tip. The tip contains an additional adhesin called FimA, which in purified 
form is capable of blocking bacterial adherence to saliva-coated 
hydroxyapatite.81,231 In work by Burnette-Curley and coworkers, disruption 
of the fimA gene resulted in a 7- to 20-fold reduction in the incidence 
of endocarditis after intravenous inoculation of rats.29 Other gram-positive 
organisms capable of expressing pili include Streptococcus pneumoniae 
(a common cause of respiratory tract and invasive disease),11,216 Streptococ-
cus agalactiae (group B streptococcus; a common cause of neonatal 
pneumonia, sepsis, and meningitis),73,264 and Enterococcus faecalis (a 
cause of endocarditis and urinary tract infections).215,277

Nonpilus Adhesins
Beyond pili, a variety of nonpilus adhesins exist. In most cases, nonpilus 
adhesins are surface-expressed monomeric or oligomeric proteins, 
although isolated examples of carbohydrate- and lipid-containing 
adhesive structures have been identified. In general, these molecules 
are more difficult to visualize by electron microscopy, reflecting their 
smaller size. Similar to pili, for the most part nonpilus adhesins can be 
classified according to their mechanism of secretion and presentation 
on the bacterial surface.

assembly of type 4 pili is still being elucidated, existing data suggest 
that the process is complex. For example, between 20 and 40 gene 
products are required for the assembly of P. aeruginosa type 4 pili, and 
at least 15 plasmid-encoded proteins are involved in the biogenesis of 
EPEC type 4 pili.127,294 Based on studies of P. aeruginosa, EPEC, Neisseria, 
and V. cholerae, the presence of an inner membrane prepilin peptidase 
appears to be a general prerequisite for type 4 pilus biogenesis.161,176,226 
Type 4 pili are often glycosylated, with carbohydrate decoration affecting 
function in at least some cases and perhaps serving to obscure antigenic 
epitopes.33,190,278,319 However, despite marked differences in the assembly 
pathways for type 4 pili and P pili, shared structural themes exist. For 
example, gonococcal type 4 pili are composed predominantly of PilE 
structural subunits polymerized into a helical rod.235 A minor phase-
variable adhesive protein called PilC is displayed at the tip of gonococcal 
pili and is essential for pilus-mediated binding to epithelial cells.154,267 
These observations suggest that N. gonorrhoeae pili may be composite 
structures with a tip-associated adhesin, analogous to P pili and other 
pili assembled by the chaperone-usher pathway.

Although adhesive pili are more prevalent in gram-negative bacteria, 
they are also found in some gram-positive species. One example is 
Streptococcus parasanguinis, an oral pathogen and a member of the S. 
sanguinis family. This organism binds to calcium phosphate (the primary 
mineral component of tooth enamel) and also to other oral bacteria, 
epithelial cells, platelets, and fibronectin. Several adhesins mediate these 
binding functions, including pili referred to as long fimbriae. Based on 
studies of S. parasanguinis strain FW213, long fimbriae are fashioned 
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FIG. 1.1 Biogenesis and structure of Escherichia coli P pili. The pap gene cluster and the function of 
each of the gene products are indicated in the lower portion of the figure. Nascent pilin subunits are 
complexed with the PapD chaperone and added to the base of the developing pilus via the PapC 
usher. The mature pilus rod is composed of repeating units of PapA; the tip fibrillum contains the 
adhesin PapG. The ultrastructure of the pilus is shown in the electron micrograph at the left side of 
the figure. (Courtesy S.J. Hultgren and F.J. Sauer.)
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in adherence to sulfated saccharides has been mapped to the N terminus 
of the FHA molecule.206 Sulfated saccharides such as heparin and heparan 
sulfate are a major component of mucus and extracellular matrix in 
the respiratory tract and are also found on the surface of epithelial 
cells.195,342 The region that recognizes lactosylceramides and promotes 
adherence to ciliated respiratory epithelial cells and macrophages  
has been localized to amino acids 1141 to 1279 (the carbohydrate recogni-
tion domain).251 An arginine-glycine-aspartic acid (RGD) tripeptide is 
located at amino acids 1097 to 1099 and interacts with leukocyte response 
integrin (LRI), a leukocyte integrin that stimulates upregulation of 
complement receptor type 3 (CR3).146 The C terminus of mature  
FHA has been demonstrated to interact with epithelial cells and 
macrophage-like cells and appears to modulate the immune response 
to Bordetella infection.155 Finally, FHA recognizes CR3 (CD11b/CD18), 
allowing organisms to be ingested by macrophages without stimulating 
an oxidative burst.258,336 The location of the CR3-binding domain is 
currently unknown.

A growing number of nonpilus adhesins belong to the so-called 
autotransporter family. These proteins are synthesized as precursor 
proteins with three functional domains, including an N-terminal 
canonical signal sequence, an internal passenger domain, and a C-terminal 
outer membrane domain. The signal sequence directs the protein to 
the Sec machinery and is cleaved after it facilitates transport of the 
polypeptide from the cytoplasm to the periplasm. The C-terminal domain 
inserts into the outer membrane and forms a β-barrel with a central 
hydrophilic channel. Ultimately, the passenger domain is presented on 
the surface of the organism and influences interaction with host 
molecules.120 Recent studies have established that autotransporter proteins 
can be separated into two distinct groups, designated conventional 
autotransporters and trimeric autotransporters (Fig. 1.3).52 In conventional 
autotransporters, the C-terminal outer membrane domain contains 
roughly 300 amino acids and is a monomeric β-barrel with a single 
N-terminal α-helix spanning the pore (Fig. 1.4A).232,299 In trimeric 
autotransporters, the C-terminal outer membrane domain contains 
approximately 70 amino acids and forms heat- and detergent-resistant 
trimers in the outer membrane. Each trimer forms a β-barrel with four 
strands from each of the three subunits and with three N-terminal 
α-helices spanning the pore (Fig. 1.4B).204

One example of a conventional autotransporter adhesin is the H. 
influenzae Hap protein, which was discovered based on its ability to 
promote adherence and low-level invasion in assays with cultured human 
epithelial cells.286 Hap also promotes bacterial binding to extracellular 
matrix proteins and bacterial microcolony formation.83,121 Examination 
of chimeric proteins and studies with purified protein have demonstrated 
that the adhesive activity responsible for Hap-mediated adherence, 
invasion, binding to extracellular matrix proteins, and microcolony 
formation localizes to the passenger domain, referred to as HapS.

83,121 
More detailed characterization of HapS has established that the  
region responsible for interaction with host epithelial cells and micro-
colony formation resides in the C-terminal 311 amino acids and  
may have utility as a vaccine antigen.57,82,183 This region folds into a 
triangular prism-like structure that can mediate Hap-Hap dimerization 
and higher degrees of multimerization, thus facilitating interbacterial 
interaction and microcolony formation.202 A prototype member of the 
trimeric autotransporter subfamily is the H. influenzae Hia adhesin. 
This protein is expressed in a subset of nontypable H. influenzae strains 
and contains two homologous high-affinity trimeric binding domains, 
creating the potential for stable multivalent interaction with respiratory 
epithelial cells.175,203,343

Another group of nonpilus adhesins is typified by intimin, a protein 
expressed by enteropathogenic E. coli (EPEC), enterohemorrhagic E. 
coli (EHEC), and the murine pathogen Citrobacter rodentium. Intimin 
contains a flexible N terminus, a central β-barrel domain that integrates 
into the outer membrane, and a C-terminal binding domain that interacts 
with the translocated intimin receptor (Tir).311 Tir is an interesting 
example of a pathogen-derived receptor that is inserted into target host 
cells. After initial cell attachment mediated by type 4 pili, EPEC employs 
a type III secretion system (discussed in detail later in this chapter) to 
inject Tir into the host cell cytoplasm,164,335 from where it is then inserted 
into the host cell membrane.254 The subsequent interaction between 

Among the best-characterized bacterial nonpilus adhesins is fila-
mentous hemagglutinin (FHA), a surface protein expressed by Bordetella 
pertussis and other Bordetella species. The export of FHA to the surface 
of the organism occurs via the so-called two-partner secretion (TPS) 
pathway, a conserved strategy in which a secreted protein (TpsA) interacts 
with a cognate outer membrane transporter (TpsB).128 In B. pertussis, 
the TpsA-type protein FHA is transported by a TpsB-type outer 
membrane protein called FhaC, which has β-barrel pore-forming 
properties and facilitates translocation of FHA across the outer mem-
brane.333 Homologous TpsB proteins in other species export the 
hemolysins of Serratia marcescens, Proteus mirabilis, and Haemophilus 
ducreyi; the H. influenzae heme:hemopexin binding protein (HxuA); 
and the H. influenzae HMW1 and HMW2 adhesins, among 
others.9,46,234,249,287,316 The crystal structure of FhaC reveals a 16-stranded 
β-barrel that is occluded by an N-terminal α-helix and an extracellular 
loop and a periplasmic module composed of two polypeptide-transport-
associated (POTRA) domains. Functional studies have demonstrated 
that the N terminus of FHA interacts with the FhaC POTRA 1 domain, 
illuminating what appears to be a general feature of interactions between 
TpsA and TpsB proteins.39,104

Examination of purified FHA by transmission electron microscopy 
and circular dichroism spectroscopy showed that the FHA molecule is 
50 nm in length and adopts the shape of a horseshoe nail. It has a 
globular head, a 37-nm-long shaft that averages 4 nm in width but 
tapers slightly from the head end, and a small flexible tail (Fig. 1.2).157,188 
In the crystal structure of the N terminus of FHA (the so-called TPS 
domain that interacts with FhaC), a series of 19-residue repeat motifs 
form a β-helix that is central to the overall structure of full-length 
FHA.40 Consistent with its large size, FHA contains at least five separate 
binding domains, four of which have been localized. The region involved 
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FIG. 1.2 Ribbon representation model structure of filamentous hemag-
glutinin from Bordetella pertussis. There are five regions that are assigned 
β-helical coils, designated B0, R1, B1, R2, and B2. The N terminus of 
the protein is designated with “N,” and the C terminus of the protein 
is designated with “C.” The locations of the sulfated saccharide binding 
domain, the carbohydrate recognition domain, and the RGD tripeptide 
are noted. (From Kajava AV, Cheng N, Cleaver R, et al. Beta-helix model 
for the filamentous haemagglutinin adhesin of Bordetella pertussis and 
related bacterial secretory proteins. Mol Microbiol. 2001;42:279–92.)
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intimin (on the bacterial surface) and Tir (now present on the host cell 
surface) triggers receptor clustering, dramatic rearrangement of the 
actin cytoskeleton, and formation of a distinctive pedestal referred to 
as an attaching and effacing (A/E) lesion (Fig. 1.5).164,263 The bacterial 
genes essential for formation of A/E lesions reside within a 35-kb region 
of the EPEC chromosome called the locus of enterocyte effacement 
(LEE), an example of a pathogenicity island.70,196 This locus is highly 
conserved in content and organization across all A/E pathogens and 
contains the genes encoding intimin, Tir, and the requisite type III 
secretion system. The interactions of Tir and other type III secreted 
effectors with host proteins influencing actin polymerization are begin-
ning to be understood.265,344 Tir contains domains analogous to host 
immunoreceptor tyrosine-based inhibition motifs (ITIM) important 
for regulation of eukaryotic signaling. On this basis, Tir recruits certain 
host proteins to regulate actin dynamics and inhibit proinflammatory 
signaling pathways.61,266,280,328 Given its central role in EHEC/EPEC 
pathogenesis and its immunogenicity, intimin is also being examined 
as a target for the development of antivirulence therapeutics or vaccines 
in A/E diseases.

In recent years, investigators have identified a large family of nonpilus 
adhesins involved in adherence to host extracellular matrix proteins 
including fibronectin, laminin, vitronectin, collagen, fibrinogen,  
and a variety of proteoglycans. These adhesins have been classified as 
microbial surface components recognizing adhesive matrix molecules 
(MSCRAMMs) and are especially prevalent among gram-positive 
bacteria.238 In gram-positive organisms these proteins are covalently 
anchored to the cell wall peptidoglycan and have a characteristic primary 
amino acid sequence. In particular, the C terminus contains a segment 
rich in proline and glycine residues, an LPXTG motif (involved in sorting 
and covalently anchoring the protein to the cell wall), a hydrophobic 
membrane-spanning domain, and a short positively charged segment 
that resides in the cytoplasm and serves as a cell wall retention signal. 
Adhesive functions are typically located near the N terminus.85

Staphylococcus aureus is a common gram-positive pathogen in children 
and is capable of producing a variety of MSCRAMMs, including 
collagen-binding protein (CNA), fibronectin-binding proteins A and 
B, and clumping factors A and B. Recent work indicates that although 
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FIG. 1.3 Autotransporter protein secretion pathway. Conventional autotransporter secretion is shown 
on the left, and trimeric autotransporter secretion is shown on the right. Autotransporter proteins are 
synthesized as preproteins with three functional domains, including an N-terminal signal sequence 
(shown in green), an internal passenger domain (shown in red), and a C-terminal outer membrane 
β-barrel domain (shown in blue). IM indicates inner membrane, and OM indicates outer membrane. 
Protein secretion begins with export of the protein from the cytoplasm via the inner membrane Sec 
machinery (Sec). Most conventional autotransporters are cleaved on the bacterial surface. (From Cotter 
SE, Surana NK, St Geme JW III. Trimeric autotransporters: a distinct subfamily of autotransporter 
proteins. Trends Microbiol. 2005;13:199–205.)

N

N
N N

C C

C
C

A B
FIG. 1.4 Crystal structures of the C-terminal outer membrane β-barrel 
of autotransporter proteins. (A) Crystal structure of NalP, a conventional 
autotransporter; β strands are shown in shades of blue, and the α-helix 
that crosses the channel is shown in red. (B) Crystal structure of Hia, 
a trimeric autotransporter; individual subunits are shown in red, green, 
and yellow. (A, From Surana NK, Cotter SE, Yeo HJ, et al. Structural 
determinants of Haemophilus influenzae adherence to host epithelium: 
variations on type V secretion. In: Waksman G, Caparon MG, Hultgren 
SJ, editors. Structural Basis of Bacterial Pathogenesis. Washington, DC: 
American Society for Microbiology; 2005:129–148. B, From Meng G, 
Surana NK, St Geme JW III, et al. Structure of the outer membrane 
translocator domain of the Haemophilus influenzae Hia trimeric auto-
transporter. EMBO J. 2006;25:2297–304.)
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capacity for adherence and also results in germ tube formation, indicating 
a role for this protein in morphogenesis.95,94

The adhesive properties of C. albicans are closely tied to its mor-
phologic state. For example, adherence to buccal epithelial cells is greater 
by organisms bearing germ tubes than by yeast forms.169 With this 
information in mind, Staab and coworkers searched a germ tube cDNA 
library and identified a putative adhesin called hyphal wall protein 1 
(Hwp1) encoded by the hwp1 gene. Examination of the predicted amino 
acid sequence of Hwp1 revealed similarity to proteins that are substrates 
for mammalian transglutaminase enzymes.290 These enzymes form a 
cornified envelope on squamous epithelial cells (including buccal 
epithelial cells) by cross-linking relevant substrates.302 Interestingly, the 
interactions of germ tubes with buccal epithelial cells resist stresses 
(e.g., heating or treatment with sodium dodecylsulfate) capable of 
dissociating most typical microbe-host adhesive pairs, and elimination 
of expression of Hwp1 results in a marked reduction in adhesion to 
buccal epithelial cells.23,289 Thus Hwp1 represents a unique adhesive 
strategy, employing host transglutaminase enzymes to cross-link  
Hwp1 (via a glycosylphosphatidylinositol remnant anchor) directly to 
surface proteins on buccal epithelial cells.288 More recently, Hwp1 has 
been shown to be important for Candida biofilm formation,77,220 indicat-
ing that a similar mechanism may also support interactions between 
candidal cells.

TISSUE TROPISM
Most microorganisms demonstrate restriction in the range of hosts, 
tissues, and cell types that they colonize. This restriction is referred to 
as tropism and generally reflects the specificity of the interaction between 
a given microbial adhesin and its cognate receptor. Accordingly, tropism 
is determined by the distribution of the relevant host receptor.

P pili of uropathogenic E. coli serve as the platform for presentation 
of one of three different PapG variants, referred to as class I, class II, 
and class III PapG. All three variants recognize globoseries glycolipids, 
but each binds with a distinct specificity to the globoseries glycolipid 
isotypes. For example, class I PapG preferentially recognizes globotrio-
sylceramide (GbO3, Gal-α1,4-Gal-β1,3-Glc-ceramide), class II PapG 
preferentially recognizes globoside (GbO4, GalNAc-β1,3-Gal-α1,4-Gal-
β1,3-Glc-ceramide), and class III PapG preferentially interacts with 
Forssman antigen (GbO5, GalNAc-α1,3-GalNAc-β1,3-Gal-α1,4-Gal-
β1,3-Glc-ceramide).297 Globoside is the dominant globoseries glycolipid 
expressed in human kidney, and most human isolates of E. coli associated 
with pyelonephritis express class II PapG. In contrast, Forssman antigen 
is the most abundant globoseries glycolipid in dog kidney, and more 
than 50% of canine urinary isolates of E. coli express class III PapG.341 
E. coli–expressing P pili with class II PapG are not found as a cause of 
urinary tract infection in dogs. Thus the specificity of the PapG variant 
at the tip of the P pilus influences host range, favoring infection of 
either human or dog.

The crystal structure of class II PapG bound to Gal-α1,4-Gal was 
solved by Dodson and coworkers, uncovering the structural basis of 
PapG binding specificity.66 Of particular interest, the PapG receptor 
binding site is located on the side of the molecule and must be oriented 
with its N- to C-terminal axis parallel to the host cell membrane to 
allow docking to the receptor. This orientation may be facilitated by 
the flexibility inherent in the tip fibrillum. The PapG binding site consists 
of two regions. The first forms a β-barrel, and the second is composed 
of a central antiparallel β-sheet that is flanked on one side by two 
2-stranded β-sheets and on the other side by an α-helix. When class II 
PapG interacts with GbO4, the arginine residue at position 170 in PapG 
makes contact with the GbO4 side chain. Interestingly, in class I PapG, 
a histidine residue occupies position 170, interfering with potential 
contact with the GbO4 side chain. Similarly, class II PapG and  
class III PapG differ in amino acids required for interaction with the 
GbO5 side chain.66

Group A streptococcus (S. pyogenes) is a common cause of infections 
of skin and soft tissue, including impetigo, cellulitis, and necrotizing 
fasciitis. Adherence to host cells by S. pyogenes is influenced by nonpilus 
adhesins called M protein and protein F. M protein forms a fiber and 
consists of a C-terminal region that anchors the protein in the cell wall, 

FIG. 1.5 Enteropathogenic E. coli are perched on pedestals in the attaching 
and effacing lesion. (Courtesy B.B. Finlay; from Rosenshine I, Ruschkowski 
S, Stein M, et al. A pathogenic bacterium triggers epithelial signals to 
form a functional bacterial receptor that mediates actin pseudopod forma-
tion. EMBO J. 1996;15:2613–24.)

these proteins mediate typical binding interactions with host proteins, 
they are not monospecific, and a given MSCRAMM may bind multiple 
host connective tissue components or multiple motifs within a single 
host fiber type.284 In addition, many are capable of provoking platelet 
activation. S. aureus strains recovered from patients with septic arthritis 
commonly express CNA, which mediates binding to cartilage in vitro 
and appears to play a key role in the pathogenesis of septic arthritis in 
experimental mice.237,239,300 Fibronectin-binding protein A (FnBPA) shares 
homology with S. pyogenes protein F and mediates binding to fibronectin 
and the γ chain of fibrinogen, as well as to elastin and tropoelastin.162,262,322 
Accordingly, this protein is important in S. aureus endocarditis247 and 
in infections of implanted biomaterials, which become coated with 
fibrinogen and fibrin soon after implantation. Clumping factor (ClfA) 
was named based on the observation that it mediates bacterial clumping 
in the presence of soluble fibrinogen.197 Similar to FnBPA, ClfA mediates 
binding to fibrinogen-coated surfaces in vitro and probably contributes 
to infections of artificial surfaces.

Other Mechanisms of Adherence
Candida albicans is a common inhabitant of mucosal surfaces and an 
important cause of systemic disease, especially in patients with com-
promised immunity. Candida blastospores are capable of efficient 
adhesion to epithelial cells, leading to budding and division. In addition, 
germ tube formation occurs, facilitating penetration through the epithelial 
barrier and then dissemination to distant sites.135 In recent years, several 
candidate C. albicans adhesins have been identified.10,134,180,346 Of particular 
interest is a protein called INT1, which shares functional homology 
with the vertebrate integrin family. Integrins are normally expressed 
by cells of the human immune system (neutrophils, monocytes, mac-
rophages) and mediate cellular binding and shape-changing functions. 
Each integrin is a heterodimer of an α chain and a β chain. There are 
a number of distinct α and β chains, and each combination displays a 
unique binding specificity. INT1 is an α integrin–like protein that 
recognizes the RGD sequence of the C3 fragment iC3b on epithelial 
cells. In in vitro assays, short peptides encompassing the RGD sequence 
are capable of inhibiting C. albicans adherence by 50%, confirming that 
INT1 plays a significant role as an adhesin and suggesting that other 
adhesins also exist.135 Beyond promoting adherence to epithelium, INT1 
disguises organisms as leukocytes, allowing evasion of phagocytosis. 
Of note, introduction of INT1 into Saccharomyces cerevisiae confers a 
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critical receptor for free virus.159,321,351 Once virus has bound to CD81, 
this virus-receptor complex traffics to the gap junction, where the virus 
interacts with two key gap junction proteins, claudin-1 and occludin-1, 
to enter cells.78,114,172 Human occludin-1 recently has been shown to be 
necessary for HCV entry into mouse cells, an advance that will facilitate 
disease modeling in the laboratory.248 Although the liver does not 
exclusively express any of these four molecules, the combination of 
these four, the structural organization of liver cells, and other yet-
undetermined intracellular factors account for the tropism of HCV for 
the liver.246

Similar observations have been made for coxsackievirus isolates, 
which bind to the coxsackie-adenovirus receptor (CAR) molecule located 
in the tight junction for entry into cells.12,42,53,158 Brain, heart, and muscle 
cells are enriched for CAR in the fetal and neonatal period, whereas 
adult cells from these tissues express significantly lower levels of  
the receptor.131,147 This developmental difference in CAR density is the 
likely explanation for severe coxsackievirus infections that are dispro-
portionately seen in infants and young children compared with adults. 
CAR then allows for an interaction with the tight junction that is 
mediated by occludin-1, which allows for viral co-opting of host traf-
ficking pathways.53

Among eukaryotic pathogens, tissue tropism can also be a major 
determinant of virulence. Cerebral malaria is a life-threatening conse-
quence of infection with the protozoan parasite Plasmodium falciparum 
and results from adherence of parasite-infected erythrocytes to cerebral 
vascular endothelium.209 During erythrocyte infection, the malaria 
parasite exports a variety of surface receptors to the host plasma 
membrane. The P. falciparum erythrocyte membrane protein 1 (PfEMP1) 
multigene family represents a highly variable set of such receptors, only 
one variant of which is expressed at any given time. A substantial body 
of work has established that different forms of PfEMP1 possess distinct 
tissue adherence patterns.171 Specific classes of PfEMP1 types (Group 
A DC8 and DC13) are associated with cerebral vascular adherence in 
vitro and are correlated with severe malaria in clinical populations.7,38,177 
More recent studies suggest that these PfEMP1 forms mediate adherence 
through interaction with the endothelial protein C receptor.314

BIOFILMS
After attachment to a particular surface, a number of pathogens are 
capable of forming biofilms, which can be defined as structured com-
munities of microbial cells enclosed in a self-produced exopolysaccharide 
matrix. Although most studies of biofilms have involved a single species, 
it is likely that biofilms relevant to human infection often involve multiple 
species sharing the advantages of biofilm existence. Human infections 
associated with biofilms include dental caries, lower airway infection 
with P. aeruginosa and other organisms in patients with cystic fibrosis, 
and foreign body infections in patients with prostheses and implanted 
devices. In addition, biofilm formation likely occurs during osteomyelitis 
and endocarditis.49

P. aeruginosa is a model organism for the study of biofilms and 
forms pillars of stationary (sessile) bacteria held together by an extracel-
lular polysaccharide called alginate. Interposed among these pillars are 
channels that facilitate the flow of nutrients and provide pathways for 
motile (planktonic) organisms to move about (Fig. 1.6A). In experiments 
directed at defining the early steps of P. aeruginosa biofilm formation, 
O’Toole and Kolter established that flagella are required for initial 
bacterial attachment, presumably because these appendages promote 
movement toward the relevant surface. After attachment, type 4 pili 
and pilus-mediated twitching motility promote formation of micro-
colonies227 in which transcription of algC, algD, and algU is activated, 
resulting in synthesis of alginate.59 Pulmonary isolates from patients 
with cystic fibrosis often form highly mucoid colonies (reflecting 
expression of alginate) or can form tiny colonies on agar plates, the 
so-called small-colony variant (SCV) phenotype associated with biofilm 
formation and increased antibiotic resistance.115,116,291

Development of the complex community present within a biofilm 
requires intercellular communication to coordinate the metabolic and 
other activities of members of the community. P. aeruginosa employs 
several identified quorum-sensing systems, which involve the production 

a coiled-coil rod region extending approximately 50 nm from the cell 
wall, and a short nonhelical domain extending more distally.84 Protein 
F is a 120-kDa protein that is notable for a tandem repeat element 
consisting of up to six repeats of 32 to 44 amino acids adjacent to the 
C terminus.112,233 M protein promotes adherence to human keratinocytes 
via interaction with the CD46 molecule (also called membrane cofactor 
protein, or MCP), whereas protein F mediates adherence to epidermal 
Langerhans cells, which are located in the basal layer of the epidermis.229,230 
Thus both M protein and protein F contribute to group A streptococcal 
adherence to the skin, but each protein directs interaction with a different 
population of epidermal cells.

Early studies demonstrated that human immunodeficiency virus 
type 1 (HIV-1) infects CD4+ cells and interacts with the CD4 molecule 
but that CD4 alone is not sufficient to permit infection. More recent 
observations have established that a number of host cell chemokine 
receptors, especially CCR5 and CXCR4, serve as coreceptors for HIV-1 
and are required for viral entry into CD4+ target cells. These coreceptors 
appear to influence the cellular tropism displayed by different HIV-1 
variants.62 All HIV variants are able to replicate in primary T cells, but 
only some can also replicate in primary macrophages or in immortalized 
T-cell lines. Asymptomatic HIV-infected individuals carry strains that 
generally use CCR5 as a coreceptor (termed M5 strains) and are 
non–syncytium-inducing in vitro. Such strains have classically been 
described as macrophage tropic (M-tropic), but recent experiments 
have demonstrated that these M5 strains can also infect CD4+ T cells 
and peripheral blood mononuclear cells.245 Rapid viral mutation due 
to the error-prone HIV polymerase and HIV reverse transcriptase leads 
to the production within the host of syncytium-inducing, T-cell–tropic 
(T-tropic) HIV-1 strains, which predominate in the circulation of patients 
with acquired immunodeficiency syndrome.62 These variants are generally 
restricted to CXCR4 (expressed on T cells) as a coreceptor, although 
some primary syncytium-inducing variants can use both CCR5 and 
CXCR4.71,79,276 T-tropic, syncytium-inducing strains are characterized 
by positively charged residues at fixed positions of the V3 loop and 
changes in charge and length of the V2 region of the viral envelope 
glycoprotein gp120, which binds to CD4 and coreceptors before viral 
entry into host cells.86,87,106 Thus cellular tropism is closely aligned, but 
not synonymous, with HIV coreceptor usage.

New HIV-1 infection is selectively established by M-tropic HIV-1 
strains, even if the transmitting host harbors more pathogenic non–M-
tropic strains as well.317,352 CCR5 is also expressed on the surface of 
rectal and vaginal epithelial cells, which may be sites of initial encounter 
between HIV-1 and the human host.349 The importance of CCR5 in 
HIV-1 binding to CD4+ cells is underscored by the observation that 
individuals homozygous for a 32-bp deletion in CCR5 (the Δ32 allele) 
are resistant to infection with HIV-1.137,184 The Δ32 heterozygous state 
does not necessarily protect against HIV-1 acquisition, although HIV 
disease in heterozygous patients may follow an attenuated course.  
This allele is surprisingly frequent (10%–14%) in white populations, 
leading to speculation that it provided a survival advantage during one 
or more historical epidemics of infectious diseases.225 However, more 
recent data suggest that the Δ32 allele may actually confer immune 
deficiency in the presence of challenge with certain viral pathogens, 
such as West Nile virus.100,101 Of note, CCR5 may have a role in controlling 
the development of malignancy, including lymphoma, raising some 
concern about developing anti-HIV pharmacologic agents that target 
CCR5 function.178 Finally, co-evolution of viral determinants and host 
cell receptors may determine the spectrum of tissue and organ involve-
ment within the host. For example, the chemokine receptor CCR8 may 
facilitate the entry of neurotropic HIV-1 strains into brain cells,152 and 
envelopes derived from brain isolates of HIV are adapted to infect cells 
with low-level CD4/CCR5 expression, such as neuroglia and brain 
macrophages.244

Other viruses also demonstrate tropism for specific cells or tissues 
within the host. Hepatitis C virus (HCV) has been demonstrated to 
use multiple cell surface molecules in sequence to locate and gain entry 
into target cells. HCV is bound to low-density lipoprotein (LDL) in 
serum and first binds to scavenger-receptor B1 (SR-B1), which is enriched 
on liver cells and serves to bind lipoprotein molecules.34 After this initial 
binding event, HCV E2 protein interacts with the CD81 molecule, the 
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in the host, the ultrastructure and the molecular strategies underlying 
biofilm formation vary from one species to another. C. albicans is the 
best studied Candida species and relies on the expression of certain cell 
wall proteins (including Hwp1),219 a regulated yeast-to-hyphal switch 
described earlier, and quorum-sensing molecules such as E,E-farnesol, 
which represses filamentation and can suppress the growth of other 
nearby bacterial and fungal species.63,133,275

Biofilms constitute a protected mode of growth that allows survival 
in a hostile environment—for example, in the presence of host immune 
mechanisms or antimicrobial agents.49 Based on studies of P. aeruginosa, 
sessile bacteria release antigens and stimulate production of antibodies, 
but these antibodies are ineffective in killing organisms within biofilms.41 
Similarly, sessile P. aeruginosa stimulate a diminished oxidative burst 
and are relatively refractory to phagocytic uptake. In addition, fungi 
and bacteria within biofilms are resistant to the effects of a number of 
antimicrobial agents, in part because these agents are unable to diffuse 
into the biofilm and in part because these organisms may exist in a 
slow-growing or otherwise protected phenotypic state.49 Biofilm-like 

of small molecules that are sensed by neighboring organisms and  
regulate gene expression in these neighbors. One well-studied system 
is based on the acyl-homoserine lactone called N-(3-oxododecanoyl)-
L-homoserine lactone (3OC12-HSL).60,236 3OC12-HSL is synthesized 
in a reaction catalyzed by LasI and accumulates with increases in popula-
tion density. Ultimately, 3OC12-HSL reaches a critical concentration 
and then interacts with LasR, serving to activate transcription of a 
number of genes. Host inflammatory pathways are also induced directly 
by accumulated 3OC12-HSL.279 Organisms with a mutation in lasI are 
capable of attachment and microcolony formation, but the resulting 
microcolonies remain thin, undifferentiated, and sensitive to dispersion 
by detergents. Addition of the missing lactone signal to the lasI mutant 
restores development into structured, thick, biocide-resistant biofilms, 
as are observed with wild-type organisms.60 In vivo, mutation in lasI 
impedes establishment of pulmonary infection in mice.242,340

Biofilms also play a prominent role in human infections with Candida 
species, with examples including oral thrush and catheter-associated 
infections. Although several pathogenic Candida species can form biofilms 
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FIG. 1.6 In vitro Pseudomonas biofilm formation and parallel stages of formation of uropathogenic 
Escherichia coli intracellular bacterial communities (IBCs). (A) Dynamics of P. aeruginosa biofilm formation 
on an inert surface. Keys to the formation of the biofilm include flagella-mediated attachment, production 
of exopolysaccharide (EPS), type 4 pilus–based twitching motility, and a quorum sensing system.  
(B) Composite representation of the stages of IBC formation and maturation. (A, From Costerton JW, 
Stewart PS, Greenberg EP. Bacterial biofilms: a common cause of persistent infections. Science. 
1999;284:1318–22, copyright 1999 American Association for the Advancement of Science. B, From 
Kau AL, Hunstad DA, Hultgren SJ. Interaction of uropathogenic Escherichia coli with host uroepithelium. 
Curr Opin Microbiol. 2005;8:54–9.)
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E-cadherin, a host cell transmembrane protein with an intracellular 
domain that interacts with the cytoskeleton.205 InlB interacts with C1q 
on host cells and promotes invasion by activating the PI-3 kinase 
pathway.24 Uropathogenic strains of E. coli also invade epithelial cells 
via a zipper-like mechanism mediated by the FimH adhesin expressed 
on the tip of type 1 pili. In experiments with cultured bladder epithelial 
cells, FimH is both necessary and sufficient for entry, as demonstrated 
by examination of a fimH− mutant and of latex beads coated with 
purified FimH.194 In vitro experiments further suggest that FimH-
mediated bacterial binding to a mannose-coated surface may be 
strengthened by shear forces, such as fluid flow over the surface.307,308 
After FimH-dependent invasion into superficial epithelial cells of the 
murine bladder, UPEC multiply rapidly to form intracellular bacterial 
communities, which display some features of biofilms, including com-
munity behavior, differential gene expression, and protection from 
antimicrobial agents (see Fig. 1.6B).6,156,160 A subset of internalized bacteria 
ultimately form a quiescent bacterial reservoir within the uroepithelium 
that resists immune clearance and antibiotic therapy and may serve as 
a seed for recurrent infections.139,213,214

Salmonella enterica serovar typhimurium (S. typhimurium) is an 
example of a pathogen that invades cells by a mechanism distinct from 
zippering. On contact with the epithelial cell surface, S. typhimurium 
triggers a dramatic host cell response characterized by actin rearrange-
ment, calcium and inositol phosphate fluxes, and a “splash” of membrane 
ruffling surrounding the point of entry. Bacterial internalization into 
the cell occurs rapidly, with organisms appearing in membrane-bound 
vacuoles within a few minutes of initial contact with the host cell. The 
determinants of S. typhimurium invasion are encoded by a pathogenicity 
island called SPI-1, located at centisome 63 on the bacterial chromo-
some.92 Especially important in this region is a prototypical type III 
secretion system, which forms a needle-like complex on the bacterial 
surface that breaches the host cell membrane and serves to translocate 
bacterial proteins directly into the host cell, altering the host cell 
cytoskeleton43,186 and influencing immune responses. The base of the 
needle complex spans both the inner and outer membranes and is 
about 40 nm in diameter, whereas the needle itself is 8 nm in width 
and approximately 80 nm in length (Fig. 1.7).45,93

The proteins secreted through the S. typhimurium needle complex 
(and other type III secretion systems) and into the host cell are referred 
to as effector proteins. SopE is an effector protein that mediates the 
initial rearrangement of actin and ruffling of the host cell membrane. 
It functions as a guanyl-nucleotide exchange factor (GEF) and activates 
two host cell Rho GTPase proteins called Rac and Cdc42.35,111,113 SptP 
is an effector protein that functions as an antagonist of SopE, mediating 
reversal of actin rearrangement by converting Rac and Cdc42 to the 
inactive forms (GDP forms). Consistent with these functions, SopE 
and SptP directly antagonize each other when coinjected into cells.91 
Other effector proteins secreted by the S. typhimurium SPI-1 type III 
secretion system include the inositol phosphate phosphorylase SopB, 
which disrupts normal host cell signaling mechanisms,224 and AvrA, 
which interferes with the nuclear factor κB (NF-κB) signaling pathway 
in host cells, thereby downregulating host inflammatory responses.44

Important accessory and regulatory genes are also present within 
SPI-1. As an example, the sicA gene is just upstream of the sipB and 
sipC genes and encodes an accessory protein with chaperone activity 
essential for stabilization and translocation of SipB, SipC, and SopE.313 
Other chaperones encoded by SPI-1 are involved in the stabilization 
and translocation of other effector proteins. The genetic and environ-
mental factors that regulate the expression of type III secretion machinery 
and secreted proteins represent an area of ongoing study.5

In Plasmodium falciparum, the mechanisms of both host erythrocyte 
invasion and immune evasion are tightly linked. A mature parasite may 
release as many as 32 daughter parasites, called merozoites, into the 
bloodstream. In less than 30 seconds, merozoites attach to and invade 
new erythrocytes. High-titer antibodies to invasion proteins, as are 
present in the serum of semi-immune individuals living in endemic 
areas, can block these processes. For this reason, the molecular invasion 
machinery of P. falciparum is of considerable interest for vaccine 
development.240,303 The initial contact between Plasmodium merozoites 
and host erythrocytes is weak and is thought to be mediated through 

microbial communities have also been described within host epithelial 
cells, as with uropathogenic E. coli in the mammalian bladder.6 Recently, 
new approaches to antimicrobial therapy include novel natural products 
and other small molecules that inhibit quorum-sensing and biofilm 
formation.36,96

CELL ENTRY AND INTRACELLULAR LIFE
After adherence to a host surface, many pathogenic bacteria are able 
to invade and survive inside epithelial cells and other nonprofessional 
phagocytes (i.e., M cells in intestinal Peyer’s patches). In addition, some 
pathogens are able to survive inside professional phagocytes (macrophages 
and neutrophils). Invasion may represent a mechanism to breach host 
mucosal barriers and gain access to deeper or more distant tissues. 
Alternatively, invasion may provide the organism with a special niche 
(e.g., protecting it from host immune mechanisms). In the case of 
viruses, cell entry ensures access to the cell machinery required for viral 
replication.

Generally the process of bacterial invasion involves a class of molecules 
called invasins that mediate adherence and entry. For many bacteria, 
invasion is an active event that relies on underlying host cell functions 
and is associated with rearrangement of the host cell cytoskeleton. Once 
inside the host cell, the invading or internalized organism usually is 
localized within a membrane-bound vacuole that contains lysosomal 
enzymes. In some cases the pathogen escapes from this vacuole and 
enters the cytoplasm, a more permissive environment. In other cases, 
the pathogen remains in the vacuole and neutralizes lysosomal enzymatic 
activity. The processes of invasion into cells, survival within cells, cell-
to-cell spread, and entry into the circulation define the extent of infection 
and dissemination.

Invasion
In considering the molecular mechanism of bacterial invasion, perhaps 
best characterized are the enteropathogenic Yersinia species—namely, 
Y. pseudotuberculosis and Y. enterocolitica. These organisms are usually 
acquired by ingestion of contaminated food or water and typically 
cause self-limited enteritis or mesenteric adenitis. In infants and other 
individuals with compromised immunity, they sometimes produce 
systemic disease. The primary determinant of Y. pseudotuberculosis and 
Y. enterocolitica invasion is an adhesive outer membrane protein called 
invasin, which is encoded by a chromosomal locus called inv and binds 
tightly to a family of β1 integrins expressed on host cells, including 
α3β1 integrin on the surface of intestinal M cells.145 The interaction 
between invasin and β1 integrins initiates a cascade of signaling steps 
in the host cell, resulting in actin rearrangement and formation of large 
complexes of cytoskeletal elements (talin, vinculin, α-actinin, and others) 
termed focal adhesions.144 Bacterial entry into the host cell occurs via a 
“zipper-like” mechanism, with the plasma membrane zippering around 
the invading organism.

Beyond invasin, two additional proteins called YadA and Ail also 
influence invasion by enteropathogenic Yersinia species. YadA is a 45-kDa 
surface protein that is encoded by the 70-kb Yersinia virulence plasmid. 
It is highly expressed under environmental conditions (e.g., temperature 
of 37°C) in which invasin is repressed.75 YadA reaches the bacterial 
surface via the autotransporter pathway and exists in a trimeric form 
that is essential for its adhesive activity.51 Like invasin, YadA promotes 
invasion through binding to β1 integrins on the host cell surface, but 
its binding occurs indirectly via extracellular matrix molecules, including 
collagens, laminin, and fibronectin.76 Based on studies using a mouse 
oral infection model, in Y. enterocolitica YadA is essential for survival 
and multiplication in Peyer’s patches, whereas in Y. pseudotuberculosis 
YadA is dispensable for full virulence.22 Ail is a 17-kDa outer membrane 
protein that also is encoded by a chromosomal locus (ail) and mediates 
high levels of adherence and low levels of invasion in assays with cultured 
epithelial cells. In addition, Ail mediates resistance to complement-
mediated serum killing, independent of an effect on invasion.19

Similar to these pathogenic Yersinia species, Listeria monocytogenes 
invades epithelial cells via a zipper-like mechanism. Invasion is mediated 
by proteins called internalin A (InlA) and internalin B (InlB), which 
are required for virulence in animal models. InlA interacts with 
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transcriptional regulator (SsrB).228 Mutations in SPI-2 result in reduced 
survival inside macrophages, with no effect on adherence and invasion 
in assays with intestinal epithelial cells.228 Salmonella SPI-2 mutants 
demonstrate reduced virulence in experimental mice (up to a 104-fold 
reduction in 50% lethal dose), suggesting that survival inside macrophages 
is a key factor in the pathogenesis of disease.273 Expression of SPI-2 
genes within the macrophage vacuole depends at least in part on the 
acidic intravacuolar environment. Inhibition of macrophage vacuolar 
acidification using bafilomycin A1 (an inhibitor of the vacuolar proton 
ATPase) results in a sharp attenuation in transcription of SPI-2 genes. 
This effect is not reproduced by low pH alone outside the vacuole, 
suggesting that other environmental effects within the vacuole influence 
SPI-2 expression.37 Recent work indicates that Salmonella SPI-2 transcrip-
tion is activated before invasion, apparently preparing the pathogen 
for the hostile intracellular environment.26 As a group, the SPI-2 genes 
appear to modulate host endocytic and exocytic transport mechanisms 
and inflammatory signaling.1,142

A third Salmonella pathogenicity island called SPI-3 also promotes 
survival inside macrophages. This island is located at centisome 82 and 
was discovered by examining the Salmonella selC locus, a tRNA gene 
where pathogenicity islands reside in some strains of E. coli.15,17 SPI-3 
contains the mgtBC operon, which permits S. typhimurium growth in 
environments with low concentrations of Mg2+, including macrophages. 
In particular, mutation of the mgtBC operon abolishes the ability of S. 
typhimurium to replicate in low-Mg2+ liquid media and in macrophages, 
and addition of Mg2+ to the medium after phagocytosis restores the 
ability to survive intracellularly. Homologous mgtBC genes have been 
found in other organisms with intracellular lifestyles, such as Brucella 
melitensis and Yersinia pestis.16 In Salmonella, the mgtBC genes are 
expressed after internalization into host cells under control of the 

merozoite surface proteins (MSPs) present along the entire merozoite 
surface. Stronger interactions are mediated by several additional receptors, 
notably the erythrocyte binding antigens EBA-175 and EBA-140, which 
engage the erythrocyte-specific receptors glycophorin A and glycophorin 
B, respectively. Recently, an additional parasite protein called PfRH5 
was recognized as an indispensible mediator of parasite invasion via 
interaction with the human receptor basigin.54 Anti-RH5 antisera have 
potent invasion-inhibiting activities,312 and an RH5-based vaccine showed 
efficacy in an Aotus monkey infection model.72 On the basis of these 
data, PfRH5 has emerged as a strong candidate vaccine antigen to prevent 
severe malaria.

Intracellular Survival
Once an organism invades a nonprofessional phagocyte or is ingested 
by a professional phagocyte, several potential outcomes exist. Often, 
the organism is killed. However, some pathogens have developed strategies 
to survive and replicate inside host cells, in some cases within a vacuole 
and in others by escaping from the vacuole.

There is general agreement that S. typhimurium resides within a 
membrane-bound vacuole in both professional and nonprofessional 
phagocytes. However, the vacuole lacks several lysosomal markers typical 
of the main endocytic pathway (the mannose-6-phosphate receptor 
pathway) and appears to be distinct from this pathway. Insight into the 
molecular determinants of intravacuolar survival came when two 
independent groups reported the discovery of a second Salmonella 
pathogenicity island, now called SPI-2.122,228 This island maps to centisome 
31 and encodes another type III secretion system, including structural 
proteins (ssa locus),122 effector proteins (sse locus), and accessory proteins 
(ssc locus). In addition, this region encodes a two-component regulatory 
system consisting of a membrane-located sensor kinase (SsrA) and a 
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FIG. 1.7 General structure of the gram-negative type III secretion system, according to electron 
micrographic and other data. Represented are (A) electron micrographs of isolated needle complexes, 
(B) cross-sectional schematic of the components of the needle complex, and (C) surface views of the 
assembly. (From Galan JE, Wolf-Watz H. Protein delivery into eukaryotic cells by type III secretion 
machines. Nature. 2006;444:567–73.)



11CHAPTER 1 Molecular Determinants of Microbial Pathogenesis

nonpathogenic parasites, recruitment of IRGs to the PV results in disrup-
tion of the PV and parasite death. In contrast, highly pathogenic T. 
gondii express an active serine-threonine kinase called ROP18, which 
is exported into the host cytoplasm and prevents the recruitment of 
IRGs.140,301 The ROP kinase family is highly expanded in T. gondii, 
comprising 44 other proteins, many of which lack critical catalytic 
residues and are thought to function as regulatory “pseudokinases.” 
Interestingly, ROP kinases are absent from the related apicomplexan 
Plasmodium spp., presumably because prevention of IRG recruitment 
is unnecessary within the protected niche of the host erythrocyte.

Viral Cell Entry
Viruses have developed a specialized family of proteins that specifically 
function to engage host cell proteins and fuse with cell membranes and 
that allow for transfer of viral genetic material. The details regarding 
structure and function of these proteins are reviewed elsewhere.168 There 
are two known classes of viral fusion proteins: class I proteins form a 
hairpin structure with a known α-helix domain (e.g., HIV gp41, influenza 
HA2), and class II proteins exist in β-sheets and transition from a 
moderately stable dimeric form to a very stable trimer (e.g., dengue E 
protein). These fusion proteins undergo conformational changes when 
transitioning from the prefusion to the postfusion state, resulting in a 
more stable form that favors the process of viral fusion and entry.

Cell-to-Cell Spread
Movement from one cell to another may help an organism gain a stronger 
foothold in host tissues. L. monocytogenes is one example of a pathogen 
capable of cell-to-cell spread. Once this organism is free in the cytoplasm, 
actin begins to polymerize on the bacterial surface. Eventually the 
condensed actin forms a polar tail or comet, which propels the organism 
through the cytoplasm and into adjacent cells. The rate of bacterial 
movement within a cell correlates with actin tail length.305 Actin 
accumulation and condensation is mediated by the L. monocytogenes 
ActA protein, which is tightly anchored to the bacterial surface and is 
expressed asymmetrically over the length of the organism.283,304 ActA 
is the sole Listeria factor required for actin polymerization because 
actin tails form in Xenopus cytoplasmic extracts containing ActA-coated 
beads. However, in these experiments, motility occurs only when ActA 
is distributed asymmetrically on the beads.30 ActA appears to interact 
directly with actin and also with a variety of other host cytoskeletal 
proteins.90,306 Cytochalasin D is an inhibitor of actin polymerization 
and inhibits the cell-to-cell spread of L. monocytogenes in epithelial 
monolayers.58,210

On reaching the plasma membrane, bacteria protrude from the cell 
in filopodium-like structures (called listeriopods), which are then engulfed 
by neighboring cells. This engulfment may be part of a normal host 
process because MDCK cells demonstrate low-level endocytosis of 
adjacent cell membrane fragments even in the absence of bacteria.261 
The formation of listeriopods and the engulfment of these structures 
by neighboring cells are independent of listeriolysin O, PI-PLC, and 
PC-PLC.98 Once inside a nascently infected cell, Listeria escapes from 
the double-membrane vacuole via the action of PI-PLC, PC-PLC, and 
Mpl.90 On arrival in the cytosol, bacteria can enter another cycle of 
actin-based motility and cell-to-cell spread, although one or two bacterial 
generations may be necessary to regain motility.261

A second pathogen capable of actin-based motility and cell-to-cell 
spread is Shigella flexneri. In Shigella, a single protein called IcsA is 
sufficient to induce formation of an actin tail, similar to that observed 
in L. monocytogenes. IcsA is an autotransporter protein that is encoded 
on the Shigella virulence plasmid and is distributed on the bacterial 
surface in a polarized fashion, possibly as a result of specialized machinery 
for autotransporter protein secretion near the poles of some gram-
negative bacteria.151 Initially, IcsA is distributed over the whole bacterial 
surface, with a predominance at one pole. However, over time a secreted 
bacterial protease called IcsP cleaves roughly half of the surface IcsA, 
mostly at the opposite pole, further polarizing distribution.74,292 Elimina-
tion of expression of IcsP leads to increased quantities of IcsA and 
increased actin-based motility, suggesting that IcsA (rather than host 
factors) is rate limiting in the motility process.274 Like ActA, IcsA is 
necessary and sufficient to induce polymerization of the actin tail, and 

PhoP-PhoQ two-component regulatory system, a complex that directs 
expression of a number of virulence determinants.191

The ability to survive within phagocytic cells may provide Salmonella 
with a means to exploit an intrinsic host pathway and disseminate to 
distant sites. In particular, certain phagocytes express the β2 integrin 
CD18, which mediates leukocyte migration in response to various stimuli. 
During S. typhimurium infection, CD18-expressing phagocytes carry 
organisms from the intestine to the spleen. Indeed, bacterial loads in 
the liver and spleen are reduced after oral inoculation in CD18-deficient 
mice when compared with infection in wild-type mice.318 On the one 
hand, this function of CD18 facilitates initiation of a systemic immune 
response and benefits the host. However, at the same time, it provides 
bacteria with a mechanism of transit from the gut to organs of the 
reticuloendothelial system and elsewhere.

Mycobacterium tuberculosis is another intracellular pathogen, and 
it uses an array of mechanisms to ensure intracellular survival. The M. 
tuberculosis vacuole lacks the usual amounts of the vesicular proton 
ATPase responsible for mediating acidification and fails to acidify to 
normal levels.298 In addition, M. tuberculosis blocks fusion of the vacuole 
with acidic lysosomes, further preventing acidification.268 Similar to 
intracellular gram-negative bacterial pathogens, M. tuberculosis contains 
an mgtC gene, and mutation of this gene results in impaired virulence 
in cultured human macrophages and in mouse spleen and lung. Low 
Mg2+ concentration and mildly acidic pH inhibit the growth of the 
mgtC mutant, suggesting that the gene is important for survival in the 
phagosome, where such conditions may exist.28 Another factor that 
influences M. tuberculosis survival within macrophages is isocitrate lyase, 
an enzyme of the glycolytic shunt that is essential for metabolism of 
fatty acids. Expression of isocitrate lyase is upregulated during infection 
of activated macrophages and is required for full virulence in a murine 
model of infection, independent of an effect on bacterial growth.198 
The crystal structure of M. tuberculosis isocitrate lyase has been solved 
and may provide a target for new drug therapies against persistent 
infection because this enzyme is absent from vertebrates.271,282

During the course of interaction with macrophages, M. tuberculosis 
(at a low to moderate multiplicity of infection) is capable of stimulating 
caspase-1 and inducing macrophage apoptosis. Interestingly, less virulent 
strains of M. tuberculosis are more potent inducers of apoptosis, perhaps 
resulting in benefit to the host by preventing systemic spread of infec-
tion.163 At the same time M. tuberculosis possesses at least two anti-
apoptotic mechanisms that further influence the outcome of macrophage 
encounters. First, M. tuberculosis infection enhances host macrophage 
production of soluble TNFR2, a protein that binds to tumor necrosis 
factor alpha (TNFα) and interferes with apoptosis.8 Second, M. tuber-
culosis infection activates production of NF-κB, a transcriptional regulator 
that activates anti-apoptotic pathways within the host cell.97 Of note, 
higher multiplicities of infection with virulent strains of M. tuberculosis 
can induce caspase-independent cell death in macrophages, a mechanism 
proposed to contribute to the formation of necrotic lesions during 
tuberculous disease.179

L. monocytogenes is an example of an organism that escapes from 
the phagocytic vacuole in macrophages and epithelial cells and moves 
into the cytoplasm. This organism causes meningitis and focal brain 
abscesses in humans and exhibits tropism for the fetoplacental unit. In 
pregnant women, listeriosis results in fetal loss in 30% of cases. Intravacu-
olar replication and escape from the vacuole are dependent on listeriolysin 
O, a hemolysin encoded by the hly gene.13 Listeriolysin O interacts with 
cholesterol in host cell membranes and forms pores, leading to lysis of 
the phagosome.90 Host enzymatic activities may also contribute to Listeria 
escape from the phagosome. In human epithelial cells the contributions 
of a broad-range phospholipase C (called PC-PLC) and a metallopro-
teinase called Mpl are most important for vacuolar escape in the absence 
of listeriolysin O.107,192,281

Intracellular survival of the protozoan parasite Toxoplasma gondii 
is thought to rely on parasite virulence factors that directly counter 
innate host defenses. In mice, interferon gamma (IFNγ) production is 
required to limit replication of T. gondii, in part through induction of 
immunity-related GTPases (IRGs). In mammalian cells, successful T. 
gondii strains replicate within a protected parasitophorous vacuole (PV) 
that does not fuse to the host lysosome. During infection with relatively 
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cause target cell lysis by creating pores in the host cell plasma membrane, 
but at sublytic concentrations many of these toxins also manipulate 
host enzymatic and signaling pathways within the host cell. In the case 
of B. pertussis, CyaA inhibits host adenylate cyclase, resulting in accumula-
tion of cyclic adenosine monophosphate (cAMP); elevated levels of 
cAMP within phagocytic cells inhibit oxidative activity and induce 
apoptosis, thus disabling this arm of the immune system.166,167,243 In 
respiratory epithelial cells, elevated cAMP may result in increased fluid 
and mucus secretion, further impairing mucociliary function.

Among other examples of these dual-function RTX toxins, the 
prototypic HlyA of uropathogenic E. coli induces the degradation of 
host actin-associated proteins, resulting in exfoliation of the superficial 
epithelial layer in the bladder.64 The α-hemolysin of contemporary 
community-associated S. aureus strains activates a host epithelial cell 
surface molecule called ADAM10, which cleaves E-cadherin at cell–cell 
junctions to permit access of the pathogen across the epithelial layer.143,332

Hemolytic-Uremic Syndrome and Shiga Toxins
A number of intestinal pathogens produce Shiga toxins, including Shigella 
dysenteriae, enterohemorrhagic E. coli (including E. coli O157:H7), and 
Citrobacter freundii, among others. Shiga toxins are classic A-B toxins, 
consisting of an A subunit that has toxic activity and five B subunits 
arranged in a pentameric ring-like structure that promotes binding to 
host cells and delivery of the A subunit. The B subunits interact with 
host cell globoseries glycolipids, especially the Pk trisaccharide moiety 
of globotriaosylceramide (GbO3). The A subunit is endocytosed by the 
host cell and traverses the cytoplasm in membrane-bound vesicles. Some 
of these vesicles travel in a retrograde fashion to the Golgi apparatus 
and then to the endoplasmic reticulum.269 Shiga toxin then co-opts the 
function of the endoplasmic reticulum proteins HEDJ and BiP to enter 
the cytosol, where it enzymatically inhibits host 28S ribosomal RNA 
by cleaving a single adenine residue, resulting in inhibition of protein 
synthesis and cell death.269,347

In humans, E. coli O157:H7 is an important cause of hemorrhagic 
colitis and sometimes produces hemolytic-uremic syndrome. Infection 
begins with adherence to epithelial cells via intimin and other proteins 
encoded by the locus of enterocyte effacement (LEE), resulting in forma-
tion of attaching and effacing lesions analogous to those observed in 
EPEC infection.196 After adherence, the organism releases Shiga toxin, 
which traverses the intestinal epithelial cell and enters the bloodstream.2 
Toxin circulates to distant organs and mediates damage via toxicity to 
endothelium. Diarrhea likely results from damage to endothelium in 
small mesenteric vessels, leading to ischemia and sloughing of the 
intestinal mucosa. The renal effects observed in human hemolytic-uremic 
syndrome arise from microvascular and glomerular damage with luminal 
occlusion by fibrin and platelets.353 Hemolysis and thrombocytopenia 
likely develop as a consequence of microangiopathy.

Tissue-Degrading Toxins
A number of toxins have enzymatic activity and are capable of degrading 
tissue components. One example is hyaluronidase, which degrades 
hyaluronic acid, a repeating disaccharide glycosaminoglycan involved 
in cell motility, adhesion, and proliferation in normal hosts. Hyaluronic 
acid contains alternating N-acetylglucosamine and glucuronic acid 
moieties, connected by β linkages. It is prominent in extracellular matrix 
when cell turnover and tissue repair are prominent—for example, in 
embryogenesis, wound healing, and carcinogenesis.55 The primary host 
receptor for hyaluronic acid is CD44, which undergoes post-translational 
modification that varies according to host cell type. Interactions between 
hyaluronic acid and CD44 are critical to T- and B-cell stimulation, 
growth of certain lymphoid malignancies, and propagation of certain 
inflammatory responses.207

In S. pyogenes, hyaluronidase is a 96-kDa protein that is encoded 
by the hylA gene and is released extracellularly. It is proposed to  
promote invasion through cell layers and tissue planes and is  
considered one of several S. pyogenes spreading factors.141 Interestingly, 
S. pyogenes also produces a thick “capsule” of hyaluronic acid that can 
interact with other host cellular and extracellular matrix proteins to 
contribute to tissue invasion by the organism. Other pathogens that 
produce a hyaluronidase include S. agalactiae (group B streptococcus), 

the tail forms at the end where IcsA concentration is highest.102 Despite 
the functional similarities between IcsA and ActA, there is no significant 
sequence homology between the two proteins. In contrast to ActA, no 
direct interaction between IcsA and actin has been demonstrated, and 
IcsA is found throughout the actin tail, not only at the bacterial pole–actin 
tail junction.

When considering cell-to-cell spread of viruses, it is helpful to return 
to the example of HCV. Claudin-1 and occludin-1 are the gap junction 
proteins that serve as the final entry point for this virus.78,248 It has  
been demonstrated that HCV can infect neighboring liver cells directly 
via these gap junction proteins, likely bypassing the extracellular  
release of virus and subsequent SR-B1 and CD81 binding steps.309 
Experiments have demonstrated that antibodies blocking the E2–CD81 
interaction inhibit infection from virus-infected media but do not affect 
infection of naïve cells when co-cultured with previously HCV-infected 
cells.309 It has also been shown that after infecting a liver cell, HCV 
promotes breakdown of typical apical to basal organization of liver 
cells, exposing the gap junction complexes and presumably facilitating 
cell-to-cell spread.199,200

DAMAGE TO THE HOST
Damage to host cells and host tissues represents a fundamental mecha-
nism by which a pathogen is able to survive at a given site and then 
spread within a host. Generally, damage is induced by microbial toxins. 
Most toxins are released extracellularly and are capable of inducing 
damage at very low concentrations (exotoxins). Microbial attachment 
and invasion facilitate toxin delivery to target cells and target tissues 
and serve to enhance toxicity.

Historically, microbial toxins have been classified according to a 
variety of criteria, including cellular target of action (e.g., enterotoxins, 
leukotoxins, neurotoxins), mechanism of action (e.g., adenosine 
diphosphate [ADP]–ribosylating toxins, adenylate cyclase toxins, pore-
forming toxins, proteolytic toxins), and major biologic effect (e.g., 
hemolytic toxins, edema-producing toxins). In recent years the term 
toxin has been applied more broadly to include enzymes that mediate 
damaging effects via phospholipase or hyaluronidase activity.

Bordetella pertussis Toxins
Whooping cough (B. pertussis infection) is a classic example of a toxin-
mediated disease and involves the interplay of multiple toxins.165 The 
pathogenesis of whooping cough begins with B. pertussis colonization 
of the trachea, which is facilitated by a molecule called tracheal cytotoxin 
(TCT). TCT is a naturally occurring disaccharide-tetrapeptide fragment 
of peptidoglycan and belongs to the family of muramyl peptides.103 
Many gram-negative organisms produce an analogous fragment during 
normal turnover of cell wall components, but significant extracellular 
release appears to occur only in Bordetella species and gonococci. In 
most other species an inner membrane protein called AmpG recycles 
this fragment back into the bacterial cell.50 TCT is toxic to tracheal 
epithelial cells in vitro, stimulating nitric oxide synthase and local 
production of interleukin-1 and causing inhibition of ciliary motility, 
inhibition of DNA synthesis, and cell death.117–119,124 During natural 
infection, TCT is thought to paralyze the mucociliary escalator and 
thereby interfere with clearance of B. pertussis and respiratory mucus.

Pertussis toxin is believed to be a key determinant of the clinical 
manifestations of whooping cough. This toxin belongs to a family of 
bacterial ADP-ribosyltransferase enzymes. The target of pertussis toxin 
is host cell G proteins, resulting in disruption of normal signaling 
processes. A number of biologic effects have been ascribed to pertussis 
toxin, including induction of lymphocytosis, stimulation of insulin 
release, sensitization to histamine, and disruption of phagocytic cell 
function; however, the specific relationship between the effects of pertussis 
toxin and the symptoms of whooping cough remains unclear.125 Of 
note, B. parapertussis is closely related to B. pertussis and produces a 
similar cough illness but fails to produce pertussis toxin because of 
mutations in the ptx promoter region.218

B. pertussis also elaborates a toxin called adenylate cyclase toxin 
(CyaA), a member of the RTX (repeat-in-toxin) family of bacterial 
cytolysins whose prototype is the E. coli hemolysin HlyA.50 These toxins 
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which cleaves and inactivates C5a.330 C5a is a cleavage product of C5 
and serves as a powerful chemoattractant for neutrophils; thus, strep-
tococcal C5a peptidase serves to attenuate the neutrophil response to 
infection.

N. gonorrhoeae is a common cause of cervicitis, urethritis, and pelvic 
inflammatory disease and is also capable of producing disseminated 
disease. Recent spread of antibiotic resistance in this pathogen highlights 
the need for understanding its pathogenic mechanisms to develop new 
mitigating strategies. Resistance to complement-mediated killing is 
important in gonococcal pathogenesis and is due in part to sialylation 
of lipo-oligosaccharide (LOS), which involves addition of host-derived 
cytidine monophospho-N-acetylneuraminic acid (CMP-NANA) by a 
bacterial sialyltransferase. Given the requirement for CMP-NANA, 
subcultivation in the absence of human serum or human neutrophils 
is associated with loss of sialylation and loss of resistance. Sialylated 
LOS binds factor H, resulting in downregulation of activity of the 
alternative pathway C3 convertase. In addition, sialylated LOS interferes 
with neutrophil phagocytosis and with the normal oxidative burst in 
neutrophils.260,329 A second determinant of resistance to complement-
mediated killing is Por1, an outer membrane porin protein that binds 
both factor H and C4b binding protein (C4b BP).255 C4b BP binds C4b 
and serves to inhibit assembly and accelerate decay of C4b2a, the classical 
pathway C3 convertase. Gonococci also produce a third factor that 
influences resistance to complement—namely, an outer membrane-
expressed nitrite reductase called AniA.21,31

Evasion of Humoral Immunity
A number of pathogens have evolved mechanisms to vary surface-exposed 
immunogenic molecules, thus facilitating evasion of a specific antibody 
response. Antigenic variation represents one such mechanism and is 
characterized by the emergence of modified molecules with novel 
antigenic properties. Phase variation represents a second such mechanism 
and is typified by the reversible loss or gain of a given molecule or 
structure.

N. gonorrhoeae is capable of producing recurrent infection, reflecting 
the fact that the antibody response to infection fails to provide lasting 
immunity. In this context, it is noteworthy that N. gonorrhoeae pili are 
an important target of serum antibody and undergo frequent antigenic 
variation. Gonococcal pilin expression is controlled by the pilE locus 
(the expression locus), which contains an intact pilin gene along with 
promoter sequences. In addition to pilE, the gonococcal chromosome 
contains numerous copies of variant pil sequences, called pilS loci.110 
These loci are transcriptionally inactive because they lack a promoter 
and 5′ coding sequence. However, they can be introduced into the 
expression locus by RecA-dependent recombination, resulting in an 
altered structural subunit and antigenically variant pili.136 Because N. 
gonorrhoeae is naturally transformable, horizontal exchange of species-
specific DNA may also give rise to new pil sequences.

The African trypanosomes (including Trypanosoma brucei) are 
parasites that cause sleeping sickness in sub-Saharan Africa and account 
for more than 50,000 deaths per year. These organisms are able to avoid 
humoral immunity by antigenic variation of a large family of proteins 
called variable surface glycoproteins (VSGs), which coat the entire surface 
of the trypanosome. VSGs are highly immunogenic and stimulate 
antibodies that lead to efficient and rapid clearing of parasites from 
the bloodstream. However, at any given point in time, the organism is 
able to express a new VSG, allowing some organisms to escape the 
antibody response against the previous VSG. Each parasite can express 
more than 100 different VSGs, with variation in expression occurring 
spontaneously at a rate of up to 10–2 per cell per generation. Overall, 
the genome of T. brucei contains more than 1000 vsg genes, including 
so-called expression sites (ESs) located near telomeres on mini-
chromosomes and silent loci in nontelomeric sites on large chromo-
somes.241,310 In general, VSG antigenic variation occurs by two different 
mechanisms. The first is called in situ activation and involves the 
simultaneous activation of a new ES and inactivation of the old ES, 
occurring independently of DNA rearrangement. The second involves 
DNA recombination, either between the expressed vsg and another 
telomeric ES (reciprocal recombination) or between the expressed vsg 
and a silent vsg locus (gene conversion).310

Treponema pallidum, Candida spp., Entamoeba histolytica, and Ancy-
lostoma braziliense.55

EVASION OF IMMUNITY
To survive and replicate within the host, a pathogen must evade the 
host immune system. Initially the organism must circumvent  
innate immune mechanisms, including mechanical forces, resident 
phagocytes, and complement activity. Over time the organism must 
overcome adaptive immunity as well, including the presence of specific 
antibodies.

Antiphagocytic Factors
As described earlier in this chapter, invasin-mediated entry into M cells 
plays an important role in the early stages of Yersinia infection. At the 
same time, evasion of phagocytosis is critical to the pathogenesis of 
Yersinia disease. The ability to avoid phagocytosis is dependent on the 
Yersinia virulence plasmid, which encodes a number of proteins called 
Yops.48,295 Both YopE and YopH interfere with ingestion by macrophages 
and neutrophils via slightly different mechanisms. YopE shares sequence 
homology with the Salmonella typhimurium SptP protein and down-
regulates all three of the Rho GTPases (Rho, Cdc42, and Rac), thus 
inhibiting actin rearrangement and blocking formation of membrane 
ruffles (lamellipodia) and spikes (filopodia).3,19 YopH is a protein tyrosine 
phosphorylase that appears to act on a host cell cytosolic protein called 
Cas, interfering with recruitment of Rho, Cdc42, and Rac and preventing 
formation of actin stress fibers, focal complexes, and focal adhesions.14,18 
YopJ is an acetyltransferase that covalently modifies and inactivates 
intermediate kinases in the mitogen-activated protein kinase and NF-κB 
signaling pathways, leading to host cell apoptosis.212,345 Importantly some 
Yop effectors also represent important immunogens; for example, the 
immunodominant epitope of YopE represents a major CD8+ T-cell 
antigen in experimental plague and may facilitate a new direction in 
Yersinia vaccine development.182,350

Shigella employs another strategy to induce apoptosis in phagocytic 
cells. This pathogen produces hemorrhagic enterocolitis and is an 
important cause of bloody diarrhea in children. Infection begins with 
ingestion of organisms, which attach to intestinal M cells and then 
cross the intestinal epithelium.356 On entry into the subepithelial space, 
organisms are engulfed by resident macrophages and contained in 
membrane-bound vacuoles. However, they quickly escape from mac-
rophage vacuoles and move to the cytosol of the cell, where they induce 
apoptosis.355 The mechanism of apoptosis involves a protein called IpaB, 
which is encoded by the Shigella virulence plasmid and is injected into 
host cell membranes via the Shigella type III secretion system.20 Work 
by Zychlinsky and coworkers showed that IpaB binds to cytosolic 
interleukin-1β converting enzyme (caspase-1), a cysteine protease that 
cleaves IL-1β to its active form.126 Of note, the S. typhimurium SipB 
protein shares homology with IpaB and also induces apoptosis by 
interacting with caspase-1.123 Interestingly, recent work has shown that 
IpaB has contrasting effects in epithelial cells, binding to the cell-cycle 
regulator Mad2L2 to inhibit epithelial turnover and promoting epithelial 
colonization with Shigella.148

Evasion of Complement Activity
S. pyogenes expresses at least three factors that interfere with host 
complement activity. Perhaps best known is M protein, which inhibits 
activation of the alternative complement pathway. This effect is mediated 
at least in part by the ability of M protein to bind complement factor 
H, a regulatory protein that inhibits assembly and accelerates decay of 
C3bBb. Recent studies indicate that serotype M1 and M57 strains express 
an extracellular protein called Sic (streptococcal inhibitor of complement-
mediated lysis), which associates with human plasma proteins  
called clusterin and histidine-rich glycoprotein (HRG) and apparently 
blocks formation of the membrane attack complex (C5b-C9).4 Studies 
of epidemic waves of M1 infection demonstrate that Sic undergoes 
significant variation over time, perhaps in response to the selective 
pressure associated with specific antibodies.129,130,201 Of note, nonpolar 
inactivation of sic results in reduced mucosal colonization of mice.185 
In addition, S. pyogenes produces a serine protease called C5a peptidase, 
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complement-mediated bacteriolysis. In almost all isolates of H. influenzae 
type b, the capb locus is a tandem repeat of 18-kb capb gene sequences.221 
As a consequence of this arrangement, the capb locus serves as a template 
for further amplification of capsule gene sequences in vivo, resulting 
in increased capsule production. In a study by Corn and colleagues, 23 
of 66 minimally passaged invasive isolates had between three and five 
copies of the 18-kb repeat.47 Further analysis demonstrated that amplifica-
tion of the repeat results in augmented resistance to phagocytosis and 
complement-mediated bacterial killing.221 The importance of the type 
b capsule in disease pathogenesis was recognized in vaccine development 
efforts, and the routine implementation of the Hib polysaccharide-
conjugate vaccine in many countries has sharply curtailed the incidence 
of invasive Hib disease.

Capsule production is also a critical virulence determinant for a 
number of disease-causing fungi, including the opportunistic pathogen 
Cryptococcus neoformans, which causes infections primarily in HIV-
infected and other immunocompromised hosts. C. neoformans elaborates 
a thick polysaccharide capsule that is the basis for the classic “halo” 
appearance of the organism upon India ink staining of cerebrospinal 
fluid in patients with cryptococcal meningitis. The capsule comprises 
a complex polymer with a galactose backbone modified by xylose, 
mannose, and glucuronic acid. The enzymes responsible for assembly 
have begun to be identified, suggesting new possible targets for new 
antifungal development.170,257 However, several elements required for 
capsule biosynthesis remain to be elucidated, and major questions persist 
regarding the spatial organization of capsule components and the basis 
for interstrain variation in the chemical structure and antibody reactivity 
of the galactoxylomannan backbone.68

Viral Immune Suppression and Latency
Infection with HCV is a potent inducer of interferon-stimulated gene 
expression (as with other viruses).331 However, HCV has evolved several 
mechanisms to evade host innate immune responses. The viral protease 
NS3-NS4A interferes with nuclear localization of interferon regulatory 
factor-3 (IRF-3) in response to interferon in HCV-infected hepatocytes.89 
This disruption of IRF-3 signaling, which prevents cells from activating 
antiviral genes downstream of IRF-3, results from specific cleavage of 
the molecule IPS-1.181 Similar observations regarding evasion of innate 
immunity have been made with the influenzavirus NS1 protein and 
with West Nile virus and HIV.67,69,334

Among some other viral pathogens, latency represents an important 
mechanism for persistence in the presence of host immunity, especially 
in the case of viruses belonging to the herpesvirus family. Herpes simplex 
viruses (HSV types 1 and 2) commonly establish latency after either 
gingivostomatitis or genital tract infection. After infection of a host 
cell, HSV replication begins. Eventually cell death occurs, resulting  
in cell lysis and release of viral particles, which can then infect adjacent 
cells. This so-called lytic replication cycle is under control of a small 
number of immediate early (IE) genes, which must be transcribed in 
moderate amounts to allow expression of the remainder of the viral 
genome. IE gene expression is activated by VP16, a viral protein that 
binds to a sequence common to IE gene promoters.252 After lysis of the 
host cell, new virions enter local nerve termini and travel up the long 
axon to sensory ganglia, where latency is established within days. In 
the latent state, viral DNA can be detected in the neuron, but infectious 
virions cannot be isolated. During latency,217 IE genes are repressed and 
only one fragment of viral DNA is actively transcribed, yielding several 
latency-associated transcripts (LATs) via alternative splicing.348 No protein 
product has been definitively attributed to the LAT; instead, recent work 
has demonstrated HSV-1 production of microRNAs, transcribed from 
LAT exons, that promote latency by inhibiting transforming growth 
factor-β signaling, favoring survival of infected cells and regulating the 
expression of activation-associated viral genes.56,109,315 LAT-deficient 
mutants are still able to establish initial latency, suggesting that IE gene 
expression may be under multiple controls.320 The mechanism by which 
HSV is reactivated is an area of intense study and some controversy. 
Host cellular mechanisms may provide the inciting signals, and the 
actions of viral thymidine kinase and the protein ICP0 are required for 
a return to lytic replication.217

In the case of H. influenzae, lipopolysaccharide (LPS) is likely a key 
factor in facilitating colonization and is also a major target of the antibody 
response to infection. Interestingly, H. influenzae LPS undergoes phase 
variation. LPS biosynthesis involves multiple enzymatic steps and a 
number of genes. Among these genes, lic1A, lic2A, lic3A, lex-2, lgtC, 
and an oafA-like gene contain long stretches of tandem four-base pair 
repeats within their 5′ coding region. In studies of the lic loci, Weiser 
and coworkers observed that the number of repeats varies spontaneously, 
generating translational frameshifts with different ATG start codons 
falling in or out of frame.324 Such frameshifts result in synthesis of a 
protein with a different N terminus or eliminate protein production 
altogether (when no in-frame start codon exists). The mechanism of 
variation in repeat number is presumed to be slipped-strand mispairing, 
which occurs during DNA replication and involves a single repeat looping 
out on either the template or the replicating strand. Changes in lic2A 
and lic3A influence glycotransferase activity and alter reactivity with 
monoclonal antibodies directed against specific LPS oligosaccharide 
epitopes.108 The lic2A gene product is responsible for the addition of a 
Gal-α1,4-Gal moiety, which resembles the globoseries glycolipids and 
protects H. influenzae from antibody-mediated killing, possibly by 
molecular mimicry.325 lgtC may be involved in formation of a Gal-
β1,4-Glu moiety.132 Variation in the lic1A gene affects production of a 
choline kinase responsible for addition of phosphorylcholine to the 
LPS molecule, a physical change that enhances binding of C-reactive 
protein and results in susceptibility to serum bactericidal activity.187,326,327 
Expression of lex2 results in addition of a tetrasaccharide (Gal-α1,4-Gal-
β1,4-Glc-β1,4-Glc) to the proximal heptose in LPS and increases 
resistance to complement-mediated serum killing.105 Similarly, expression 
of the oafA-like gene results in LPS O-acetylation, which facilitates 
resistance to serum killing.88

Recent studies of hepatitis A virus (HAV) have identified a novel 
mechanism by which viruses can evade humoral responses. HAV was 
long considered to be nonenveloped, a characteristic that seemed well 
suited to promote fecal-oral transmission. However, elegant centrifugation 
studies demonstrated that HAV features an envelope as it exits an infected 
cell.80 The enveloped HAV particle (eHAV) is fully infectious. Formation 
of eHAV requires proteins involved in host cell exosome formation 
(VPS4B and ALIX), suggesting that HAV has co-opted these pathways 
to facilitate spread. While temporary, this enveloped form of HAV is 
fully protected from neutralizing antibodies and likely facilitates cell-
to-cell spread in the liver. Following these studies of HAV, additional 
viruses have been observed to generate a temporary envelope, indicating 
an established strategy for viruses to evade humoral responses.253

Encapsulation
Expression of an extracellular capsule represents a common strategy 
to evade phagocytosis, complement activity, and humoral immunity 
among pathogenic bacteria, fungi, and parasites. One example is  
H. influenzae, a common cause of childhood bacteremia and meningitis 
in underdeveloped countries. Among isolates of H. influenzae,  
six structurally and antigenically distinct capsular types are recognized, 
designated serotypes a to f. Historically, serotype b isolates accounted 
for more than 95% of all H. influenzae invasive disease, reflecting  
the distinct virulence properties of the type b capsule, which is a  
polymer of ribose and ribitol-5-phosphate (PRP) and is encoded by 
the capb locus.211 In animal studies comparing derivatives of H. influ-
enzae strain Rd expressing type a, b, c, d, e, or f capsule, the strain 
expressing the type b capsule was associated with the highest incidence 
of bacteremia after intranasal inoculation of infant rats. Similarly,  
this strain was associated with the highest magnitude of bacteremia 
and incidence of meningitis after intraperitoneal inoculation of experi-
mental rats.354

In considering the mechanism by which the type b capsule promotes 
intravascular survival and invasive disease, in vitro studies using mouse 
peritoneal macrophages and human peripheral blood monocytes provide 
some insights. The type b capsule inhibits bacterial binding to macro-
phages in the absence of complement and a source of C3.223 In addition, 
the type b capsule interferes with ingestion by macrophages when 
anti-PRP antibody is lacking.223,222 Furthermore the type b capsule  
blocks complement deposition on the bacterial surface and resultant 
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CONCLUSION
With the proliferation of molecular techniques in recent years, our 
understanding of the specific microbial and host factors involved in 
the pathogenesis of a variety of infectious diseases continues to expand 
remarkably. As a consequence of this understanding, we have witnessed 
the development of new vaccines and potential targets for antivirulence 
therapeutics. In the coming years, it is likely that advances in immunology 
and microbial pathogenesis will inform novel approaches for treating 
and preventing human infections. Examples might include inhibitors 
of type III protein secretion systems,149 antagonists of periplasmic 
chaperones, analogs of important host cell receptors, and vaccine 
adjuvants that direct polarization of T-cell responses. However, given 
the impressive adaptability of human pathogens, as new therapeutic 
agents become available, we must remain vigilant for new microbial 
strategies allowing evasion of our interventions.
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This chapter provides an overview of immunologic responses to infection 
and considers host interactions with different classes of pathogens, 
normal innate and adaptive immune mechanisms, the developing host 
responses of neonates, specific primary and secondary immunodeficien-
cies, and approaches to the evaluation of children suspected of having 
impaired immunity. Human immunodeficiency virus (HIV) and acquired 
immunodeficiency syndrome (AIDS) are not considered here because 
they are addressed fully in Chapter 192B. This chapter is intended to 
supply a basic understanding of mechanisms involved in normal host 
responses to infection, an appreciation of the underlying basis and 
clinical presentation of important immunodeficiencies, and familiarity 
with general principles of evaluation and management of patients with 
suspected or documented disorders of immunity.

HOST-PATHOGEN INTERACTIONS

General Features of Host-Pathogen Interactions
Humans are constantly exposed to a daunting number and diversity 
of microorganisms that can cause infection. Many organisms that usually 
coexist harmoniously with the human host on the skin or on mucous 
membranes of the oral cavity, upper airways, or lower gastrointestinal 
tract may invade and become pathogens only if the balance of the 
commensal relationship is disrupted. Other organisms are more virulent, 
and they overtly challenge the host’s normal surface barriers and internal 
defense mechanisms. The human host has evolved a complex array of 

protective mechanisms designed to defend itself against these continuous 
microbial challenges.592 To understand the pathogenesis, pathology, and 
natural history of infectious diseases, familiarity with the features of 
infectious agents that confer virulence is necessary; these topics are 
addressed elsewhere in this book. However, it is equally important to 
understand the elements of the host’s response that contribute to 
containment, elimination, and protection against subsequent infection 
with these agents. Furthermore, it is important to recognize that host 
responses to infections also may contribute to the pathophysiology of 
infectious diseases and may injure the host in other ways.

The characteristic features of specific infectious diseases are deter-
mined by the interactions of structural components and released products 
of microbial pathogens with host tissue, cells, and their products. Viru-
lence tactics commonly employed by organisms include adherence to 
host cell surfaces, internalization within or invasion of host cells, produc-
tion of toxins, elaboration of surface barriers such as bacterial polysac-
charide capsules, usurpation of host synthetic mechanisms, and direct 
inhibition of specific defense mechanisms within host cells. The successful 
evolution of host strategies to protect against microbial attack has resulted 
in defenses designed to interfere with or to counteract many of these 
modes of microbial virulence.592 In recent decades, some of humanity’s 
oldest microbial adversaries (e.g., smallpox, poliomyelitis, measles) 
systematically have been, or are being, eradicated with aggressive 
implementation of immunization programs. In the meantime, previously 
unrecognized human pathogens such as human immunodeficiency 
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antibodies that promote both the opsonic and the bacteriolytic functions 
of complement, and phagocytes.1,28,60,293

Fungi
Host mechanisms critical for defense against fungi are less well under-
stood than those directed at bacteria and viruses, but phagocytes and 
cell-mediated immunity appear to be most important.187,215 The relative 
importance of these factors appears to depend on the specific organisms 
involved, as is demonstrated by clinical observations in patients with 
isolated defects of one or the other. Severe mucosal infections caused 
by Candida spp. are common in patients with acquired or primary 
cell-mediated immune deficits, such as HIV infection, thymic aplasia 
(see later discussion), chronic mucocutaneous candidiasis, and some 
forms of severe combined immunodeficiency, as well as in patients with 
disorders of leukocyte migration.28,187 In contrast to Candida, Aspergillus 
infections are not as great a problem for patients with cell-mediated 
immune defects as they are for patients with defects in phagocytic host 
defenses, such as neutropenia associated with cancer chemotherapy or 
stem cell transplantation, or genetic defects in phagocyte killing such 
as chronic granulomatous disease.58,588 Fungi such as Histoplasma and 
Cryptococcus, like Candida, tend to cause severe infections in patients 
with defects in cell-mediated immunity, although phagocytes clearly 
are required for optimal clearance of these organisms.170,290,582 The main 
role of antibodies and complement in protection from fungi probably 
is to provide opsonic activity to enhance phagocyte function.172

Parasites
Parasites such as protozoa and helminths comprise such a widely varying 
group of pathogenic organisms that it is difficult to generalize about 
mechanisms of immunity to these organisms as a group. However, the 
importance of specific host mechanisms in defense against certain 
parasites may be appreciated by considering the characteristic host 
responses mobilized by parasitic infection or infestations. Some helminths 
induce production by host cells of chemokines that recruit eosinophils 
and stimulate their production. This suggests a likely role for these cells 
in antiparasitic defenses, and eosinophils have been shown to be 
important in protection against helminths such as Strongyloides and 
other parasites in this group that can invade tissues. IgE, among the 
immunoglobulins, appears to play a special role, often in concert with 
eosinophils, in anthelmintic defenses. IgG also may be important based 
on the susceptibility of individuals with hypogammaglobulinemia to 
hyperinfection with Strongyloides. Patients with hypogammaglobulinemia 
also are at risk for chronic or severe infestations with the flagellate 
intestinal parasite Giardia lamblia, suggesting a role for some degree 
of antibody-mediated protection in normal hosts. Patients with primary 
or acquired disorders of cell-mediated immunity are prone to develop-
ment of serious central nervous system and ocular manifestations of 
infection with the protozoan Toxoplasma gondii, an obligate intracellular 
parasite, as well as hyperinfection with Strongyloides.299,429

FEATURES OF NORMAL IMMUNE FUNCTION
The immune system can be viewed as consisting of two broad response 
categories: innate immunity and adaptive immunity. The former 
encompasses the more rapid and phylogenetically primitive, nonspecific 
responses to infection, such as surface defenses, cytokine elaboration, 
complement activation, and phagocytic responses. The latter involves 
more slowly developing, persistent, and highly evolved antigen- 
specific responses, such as cell-mediated immunity and antibody produc-
tion that exhibit extraordinarily diverse ranges of specificities.  
The various arms of the immune system engage in a wide range of 
interactions that may enhance or regulate functions of other components 
of immunity, adding to the already remarkable complexity of the human 
immune response, and numerous examples of such interactions will 
be provided.

Innate Immune Responses
Epithelia, Defensins, and Other Antimicrobial Peptides
The epithelium of skin and mucosal tissue functions as a mechanical 
barrier to the invasion of microbial pathogens. In recent decades, it has 

virus–1 (HIV-1) and Ebola virus have emerged as new adversaries. 
Moreover, many of our oldest nemeses (e.g., tuberculosis, malaria) 
continue to elude our efforts to bring them under control, and they 
remain serious problems worldwide. Continued research at the interface 
between microbial pathogenesis and immunologic mechanisms is 
essential for the development of innovative approaches that can support 
and augment human immune responses to both old and new infectious 
diseases.

Main Features of Host Responses to  
Specific Classes of Infectious Agents
Viruses
Viruses are obligate intracellular parasites that consist of genetic material 
in the form of either DNA or RNA that usually is surrounded by a 
protein coat and may or may not be bound by a lipid envelope.372 
Diseases caused by viruses are remarkably diverse, ranging from mild 
and merely inconvenient to rapidly fatal, and from acute or brief to 
chronic or lifelong. However, certain features are common to the 
pathogenesis of most viral infections. First, viruses must enter host cells 
to replicate. Viral entry ordinarily is initiated by attachment of a viral 
surface protein to a specific receptor molecule on the host cell. The 
specific viral ligands or their corresponding host cell receptors have 
been identified for some viruses. For example, rhinovirus has evolved 
a capsid protein that binds to human intercellular adhesion molecule–1 
(ICAM-1) on respiratory epithelium245; the envelope glycoproteins of 
HIV-1 interact with CD4 on T lymphocytes and distinct chemokine 
receptors on lymphocytes or macrophages154,308,589; and internalization 
of adenoviruses depends on interaction between a specific peptide 
sequence in the penton base complex of the viral capsid and αV integrins 
on host cell surfaces.584 After the virus has entered the host cell, the 
cellular synthetic machinery is redirected to the synthesis of viral 
components. As with many native proteins synthesized by the host cell, 
a portion of newly synthesized viral protein is processed into peptides 
and presented on the infected cell surface by major histocompatibility 
complex (MHC) class I molecules (see later discussion). The host 
mechanisms most important in defense against the majority of viral 
pathogens include the production of specific neutralizing antibodies 
against viral surface proteins, the development of specific CD8+ cytotoxic 
T-cell responses that eliminate infected cells, and the production by 
different immune cells of type 1 interferons (IFNs) that disrupt viral 
replication.38,345,347,476,536 Natural killer (NK) cells appear to mediate the 
destruction of some virus-infected host cells,120,513 and antibody-
dependent cellular cytotoxicity (ADCC) may ensue after immunoglobulin 
(Ig)G antibodies bind to viral antigens on the infected cell, permitting 
subsequent attachment of either NK cells or cytotoxic T cells via IgG 
Fc receptors.200 IFNs and other cytokines may enhance NK and ADCC 
activity, and cytokines such as tumor necrosis factor-α (TNF-α) may 
exert cytotoxic actions on cells infected with certain viruses.347 Addition-
ally, opsonic complement components bound to viral surfaces can 
interfere with cell attachment, and the complement-derived membrane 
attack complex can lyse enveloped viruses.60

Bacteria
The human host is colonized with a large variety of bacteria at skin 
and mucous membrane surfaces.108,404 The integrity of these mechanical 
barriers ordinarily prevents systemic invasion of local commensal 
bacteria.89 The epithelial cells that constitute these barriers, on recognition 
of an organism as a pathogen, also can release defensins and other 
microbicidal molecules.225 In healthy hosts, circulating polymorpho-
nuclear leukocytes (PMNs) help keep the resident flora in check by 
leaving the bloodstream at the mucosal sites containing the highest 
bacterial burdens, such as the lower intestine and the gingival crevices 
of the oral cavity.28 This phenomenon helps account for the increased 
risk for local and systemic infection caused by oral and intestinal 
organisms in patients with severe neutropenia, including those who 
receive prolonged chemotherapy for malignancies, and in patients with 
phagocyte migration disorders such as leukocyte adhesion deficiency 
syndromes.28 Important host defenses against most bacteria that invade 
the human host systemically include the complement system, specific 
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The release of defensins in response to activation of TLRs and the 
various actions of these peptides, including their direct antimicrobial 
activities, their chemoattractant actions for a wide range of immune 
cells, and their activation of dendritic cell maturation, already suggest 
a highly complex and regulatory role in the development of host defense 
and immunity. Genomic evidence for the possible existence of many 
additional human defensins that have not yet been characterized suggests 
that current knowledge describes but a small sample of the overall 
contribution of these peptides to immune responses.48,490

Toll-Like Receptors
Mononuclear phagocytes, including circulating monocytes and tissue 
macrophages, other phagocytic cells, and many epithelial cells, express 
a family of receptors that is highly homologous to the Drosophila receptor 
called Toll.95,263,370,568,574 These receptors mediate a phylogenetically 
primitive, nonclonal mechanism of pathogen recognition based on 
binding, not to specific antigens, but to structurally conserved pathogen-
associated molecular patterns.8,412,413,595 At least 10 human TLRs with a 
range of microbial ligands have been identified, such as gram-negative 
bacterial LPS, bacterial lipoproteins, lipoteichoic acids of gram-positive 
bacteria, bacterial cell wall peptidoglycans, cell wall components of 
yeast and mycobacteria, unmethylated CpG dinucleotide motifs in 
bacterial DNA, some viral particles, and viral RNA.8,412,413,595 Gram-positive 
cell wall components bind mainly to TLR2, and TLR2 also can bind 
components of herpes simplex virus.323,538 TLR2 forms dimers with 
either TLR1 or TLR6 when bound jointly by their ligands.288,342 Gram-
negative LPS activates TLR4 indirectly by first binding to LBP, which 
transfers the LPS to the host accessory protein CD14 at the cell surface. 
The bound CD14 has no transmembrane domain but associates directly 
with an extracellular domain of TLR4.413,538 MD-2, an additional accessory 
protein associated with TLR4, also plays a role in binding LPS.434 TLR5 
has been identified as the receptor for bacterial flagellin, TLR9 recognizes 
CpG motifs of bacterial and viral DNA, and TLR3 has been shown to 
bind synthetic and viral double-stranded RNA.56,255,319,323 A listing of 
known human TLRs with their major ligands and cellular distribution 
is summarized in Table 2.1.

Signaling by TLRs occurs via a well-described pathway in which 
receptor binding generates a signal via an adaptor molecule, myeloid 
differentiation factor 88 (MyD88), that leads to intracellular association 
with IL-1 receptor–associated kinase (IRAK). In turn, this leads to 
activation of TNF receptor–associated factor–6 (TRAF-6), which results 
in nuclear translocation of nuclear factor-κB (NF-κB).133 NF-κB is an 
important transcription factor that activates the promoters of the genes 
for a broad range of cytokines and other proinflammatory products, 
such as TNF-α, IL-1, IL-6, and IL-8. This signaling pathway, based on 
studies with TLR4, is similar but not identical to the signaling pathways 
activated by other TLRs.133 The activation of cytokine production by 
TLRs plays an important role in recruiting other components of innate 
host defense against bacterial pathogens. However, with large-scale 
cytokine release, the deleterious effects of sepsis or other forms of the 
systemic inflammatory response syndrome demonstrate that these 

become clear that epithelial cells also are a major source of antimicrobial 
peptides that play important roles in local host defense.48,224,223,421 Studies 
of their structure, sources, expression, and actions also have revealed 
an unexpected range of immunologic activities for these molecules 
whose functions once were considered mainly antimicrobial in nature.2,33

Epithelial cells of mucous membranes of the airways and intestines, 
as well as keratinocytes, express the human β-defensins (HBD)-1, HBD-2, 
HBD-3, and HBD-4. These small cationic peptides are similar to the 
α-defensins stored in the azurophilic granules of neutrophils, and they 
display antimicrobial activity against a broad range of bacteria, fungi, 
chlamydiae, and enveloped viruses.48,223,225,421 Their production by 
epithelial cells may be constitutive, as for HBD-1, or inducible as for 
HBD-2, HBD-3, and HBD-4. For example, recent evidence indicates 
that epithelial cells of the airway or intestine can produce HBD-2 in 
response to activation by bacterial products via the Toll-like receptors 
TLR2 or TLR4 (see later discussion) on the epithelial cells.263,568,574 
Stimulation of epithelium by cytokines, including interleukin (IL)-1 
or TNF-α also can induce defensin production.48,225 Defensins have 
been reported to exert their antimicrobial action either by the creation 
of membrane pores or by membrane disruption resulting from elec-
trostatic interaction with the polar head groups of membrane lipids, 
with more evidence now favoring the latter mechanism.48,275 Some 
microorganisms have evolved mechanisms for evading the action of 
defensins. For example, bacterial polysaccharide capsules may limit 
access of microbial peptides to the cell membrane,112 and an exoprotein 
of Staphylococcus aureus, staphylokinase, neutralizes the microbicidal 
action of neutrophil α-defensins.288

Several immunoregulatory properties of defensins and related 
peptides, distinct from their antimicrobial actions, have been docu-
mented.223 Several such peptides have been shown to facilitate post-
translational processing of IL-1β.439 Some of the β defensins have been 
shown to function as chemoattractants for neutrophils, memory T cells, 
and immature dendritic cells by binding to the chemokine receptor 
CCR-6.274,403,421 Separately, HBD-2 has been shown to act, via a mechanism 
that requires TLR4, to activate immature dendritic cells and promote 
their maturation.69,591 The β-defensins also act as chemoattractants for 
mast cells and can induce mast cell degranulation.402 HBD-2 and several 
other antimicrobial peptides can interfere with binding between bacterial 
lipopolysaccharide (LPS) and LPS-binding protein (LBP), a process 
important in activating inflammatory cells via TLR4 (see later 
discussion).493

Additional antimicrobial peptides of epithelial cells include lysozyme 
and cathelicidin. Lysozyme, an antimicrobial peptide also found in 
neutrophil granules, attacks the peptidoglycan cell walls of bacteria and 
may be released from cells by mechanisms that involve TLR activation.431 
Cathelicidin, or LL37, like lysozyme, is released from both neutrophils 
and epithelial cells. It exhibits broad antimicrobial activity and can 
inhibit lentiviral replication.274,527 Cathelicidin also exhibits chemotactic 
activity for neutrophils, monocytes, and T lymphocytes. This activity 
is mediated via a formyl peptide receptor–like molecule (FPRL-1), rather 
than the chemokine receptor (CCR)6 bound by β-defensins.590

TABLE 2.1 Human Toll-Like Receptors: Their Ligands and Cellular Distribution

TLR Ligands Cellular Distribution

TLR1 (+TLR2) Mycobacterial lipoarabinomannans, bacterial lipoproteins, bacterial lipoteichoic 
acids, bacterial and fungal β-glucans

Mo, DC, MC, Eos, Bas, AEC
TLR2 (+TLR6)
TLR3 Viral double-stranded RNA NK cell
TLR4 (+CD14, MD-2) Bacterial lipopolysaccharide MΦ, DC, MC, Eos, AEC
TLR5 Bacterial flagellin AEC, IEC
TLR7 Viral single-stranded RNA PDC, NK, Eos, BL
TLR8 Viral single-stranded RNA NK cell
TLR9 Unmethylated CpG dinucleotides PDC, Eos, BL, Bas (bacteria, herpesvirus)
TLR10 Unknown ligands PDC, Eos, BL, Bas

AEC, Airway epithelial cell; Bas, basophil; BL, B lymphocyte; DC, dendritic cell; Eos, eosinophil; IEC, intestinal epithelial cell; MΦ, macrophage; MC, mast cell; Mo, monocyte; NK, natural 
killer; PDC, plasmacytoid dendritic cell; TLR, Toll-like receptor.
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agents is discussed in Chapter 242. However, two cytokines, IL-1 and 
TNF-α, are of such fundamental importance in acute host responses 
to infection that they warrant specific attention here.

IL-1 and TNF-α are small polypeptides, each with a molecular weight 
of approximately 17 kDa, that exhibit a broad range of effects on 
immunologic responses, inflammation, metabolism, and hematopoi-
esis.66,422 IL-1 originally was described as “endogenous pyrogen,” referring 
to its ability to produce fever in experimental animals, and TNF-α, 
which produces some of the same effects produced by IL-1, was originally 
named “cachectin” after the wasting syndrome it produced when injected 
chronically in mice.66,422 Many of the physiologic changes associated 
with gram-negative sepsis can be reproduced by injecting experimental 
animals with these cytokines, including fever, hypotension, and either 
neutrophilia or leukopenia.66,422 In the development of endotoxic shock 
resulting from gram-negative sepsis, IL-1 and TNF-α are produced by 
mononuclear phagocytes in response to activation of TLRs by bacterial 
LPS. They in turn activate the production of other cytokines and 
chemokines, lipid mediators such as platelet-activating factor and 
prostaglandins, and reactive oxygen species. They also induce expression 
of adhesion molecules of both endothelial cells and leukocytes, stimulat-
ing recruitment of leukocytes by inducing release of the chemokine 
IL-8 and activating neutrophils for phagocytosis, degranulation, and 
oxidative burst activity.66,133 These are all important, usually beneficial 
host responses to infection. However, at very high levels of activation, 

pathways have both beneficial and potentially harmful effects for the 
host.133 Genetic polymorphisms in TLRs may play a role in determining 
the balance of these effects in certain individuals responding to the 
challenge of systemic infection.133,352,353

In addition to their “first responder” roles in generating an inflam-
matory response to invading pathogens, TLRs may network with other 
components of innate and adaptive immunity. TLR4 function is sup-
pressed by activation of cells via the chemokine receptor CXCR4.307 
Activation of some TLRs also can induce expression of the costimulatory 
molecule B7 on antigen-presenting cells, which is required for activation 
of naïve T cells.370

Cytokines
A heterogeneous group of soluble small polypeptide or glycoprotein 
mediators, often collectively called cytokines, forms part of a complex 
network that helps regulate immune and inflammatory responses. 
Included in this group of mediators, whose molecular weights range 
from about 8 to about 45 kDa, are the ILs, IFNs, growth factors, and 
chemokines (see separate discussions later). Most cells of the immune 
system and many other host cell types release cytokines, respond to 
cytokines via specific cytokine receptors, or both. A list of cytokines 
and related molecules that play a role in immune function, with selected 
characteristics, is provided in Table 2.2.322,422,443 Excellent general reviews 
are available,321,322,347,422,443 and the use of cytokines as immunomodulating 

TABLE 2.2 Features of Selected Human Cytokines and Growth Factors

Cytokines and 
Growth Factors Main Cellular Sources Biologic Effects

IL-1 Mo, TL, BL, NK, PMN, others Broad range of cellular activation in inflammatory and immune responses
IL-2 TL, BL, NK TL, BL proliferation and activation; enhances TL and NK cytotoxicity
IL-3 TL General stimulation of hematopoiesis
IL-4 TL, BL, Mast, Mo TL, BL proliferation; BL isotype switching; stimulates IgE synthesis; enhances MHC 

class II expression
IL-5 TL Stimulation of Eos production
IL-6 TL, BL, Mo Broad inflammatory activity; stimulates BL differentiation and megakaryocyte production
IL-7 Marrow and thymus stromal cells TL, BL growth and differentiation
IL-8 Mac, Mo, Endo, Epi, PMN, Eos Activation and chemotaxis of PMN, Eos
IL-9 TL Mast growth and differentiation; growth of activated TL
IL-10 TL, BL, Mast, Mac Broad antiinflammatory actions; inhibits synthesis of several other cytokines (TNF, IL-2, 

IL-3, IFN-γ)
IL-11 Marrow stromal cells General stimulation of hematopoiesis; BL growth and differentiation
IL-12 BL, Mo Stimulation of TL growth; induction of IFN-γ production; enhancement of TL and NK 

cytotoxicity
IL-13 TL BL proliferation and isotype switching; enhances MHC class II expression; inhibits 

production of cytokines by Mac
IL-14 TL, malignant BL Induces BL growth
IL-15 Epi, Endo, Mo, Mac, marrow stromal cells Enhances NK growth, development, function; enhances TL growth and migration
IL-17 TL Enhances TL growth; induces Mac cytokine release
IL-18 Kupffer cells, Epi, spleen, Mac Promotes TL, BL, NK cytokine release; promotes TL, BL cytotoxicity
IL-21 TL Promotes BL, TL proliferation; NK cytoxicity
IL-23 Dendritic cells, Mac Similar to IL-12
IL-25 TL (TH2), Mast TL, Mac TH2 cytokine secretion
IL-27 Dendritic cells, Mac TL responsiveness to IL-12
IFN-α Mo, TL Interference with viral replication; increases MHC class I expression
IFN-β Epi, Fibro Similar to IFN-α
IFN-γ TL, NK Similar to IFN-α, IFN-β; stimulates Mac inflammatory functions
TNF-α Mo, Mac, TL, NK Broad inflammatory effects; fever; cachexia; stimulates catabolism; activation of 

leukocytes and Endo
GM-CSF TL, BL, Mo, PMN, Eos, Fibro, Mast, Endo Growth of PMN, Eos, Mo, and Mac precursors; enhances leukocyte function
G-CSF Mo, Epi, Fibro Enhances production and function of granulocytes
M-CSF Mo, TL, BL, Endo, Fibro Promotes Mo production; stimulates Mo and Mac function

BL, B lymphocyte; Endo, endothelial cell; Eos, eosinophil; Epi, epithelial cell; Fibro, fibroblast; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte-macrophage colony-
stimulating factor; IFN, interferon; IL, interleukin; Mac, macrophage; Mast, mast cell; M-CSF, macrophage colony-stimulating factor; MHC, major histocompatibility complex; Mo, monocyte; 
NK, natural killer cell; PMN, polymorphonuclear leukocyte; TL, T lymphocyte; TNF, tumor necrosis factor.
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receptors as coreceptors for viral entry by HIV-1, other viruses, especially 
members of the herpesvirus family, encode soluble decoy receptors that 
compete with native host receptors for chemokine binding, thereby 
disrupting normal host responses.136,469

Natural Killer Cells
NK cells are an important cellular component of innate immunity. 
They are lymphoid cells found in the peripheral circulation, spleen, 
and bone marrow that do not express clonally distributed receptors, 
such as T-cell receptors or surface immunoglobulin, for specific anti-
gens.387,388,513 They respond in an antigen-independent manner to  
aid in the control of malignant tumors and to help contain viral infec-
tions, especially those caused by members of the herpesvirus family, 
before the development of adaptive immune responses.513,514 Activated 
NK cells are an important source of IFN-γ, which limits tumor angio-
genesis and promotes the development of specific protective immune 
responses.387,388,513,514

Regulation of NK cell activity involves a complex balance between 
activating and inhibitory signals. Several cytokines can activate NK cell 
proliferation, cytotoxicity, or IFN-γ production, including IL-12, IL-15, 
IL-18, IL-21, and IFN-αβ.514 Activating signals via other receptors on 
NK cells, such as NKG2D, may lead either to cytotoxicity or cytokine 
production or both, depending on the receptor’s association with distinct 
intracellular adaptor proteins that signal via different kinases.514,566 Other 
molecules on NK cells may act as either costimulatory or adhesion 
receptors, including CD27, CD28, CD154 (CD40 ligand), and lymphocyte 
function–associated (LFA)-1 (CD11a/CD18).50,514 Additionally, FcγRIII 
(CD16) can contribute to NK cell–mediated antibody-dependent cell 
cytotoxicity.200,387 NK cells are able to distinguish normal cells of self-
origin via receptors that recognize specific MHC class I molecules. 
Activation of such receptors provides an inhibitory signal that protects 
healthy host cells from NK cell–mediated lysis. Virus-infected cells and 
malignant cells may express MHC class I molecules at reduced levels, 
rendering them more susceptible to attack by NK cells.120,513 NK cell 
inhibitory receptors, some of which have been characterized, appear 
to contain intracytoplasmic tyrosine-based inhibition motifs and 
antagonize NK cell activation pathways via protein tyrosine 
phosphatases.454,514

NK cells kill virus-infected or malignant cells by the release of perforin 
and granzymes from granular storage compartments and by binding 
of the death receptors Fas and TRAIL-R on target cells via their respective 
NK cell ligands.485,513,514 The mechanisms by which perforin and gran-
zymes mediate target cell death are not fully understood. One or more 
of the granzymes appear to activate intracellular pathways leading to 
target cell apoptosis via pathways that involve the mitochondria or 
caspases or both.300,553 Separately, binding of the death receptors also 
activates caspases, causing target cell apoptosis.494,514 NK cells engage 
in several kinds of interactions with other cells of the immune system, 
including dendritic cells and other antigen-presenting cells. Dendritic 
cells can influence the proliferation and activation of NK cells both by 
release of cytokines, including IL-12, and by cell surface interactions, 
including CD40/CD40L, LFA-1/ICAM-1, and CD27/CD70.164 In return, 
NK cells can provide signals that result in either dendritic cell maturation 
or apoptosis.120,513

Complement System
The complement system consists of more than 30 different free  
and membrane-bound activation and regulatory proteins. It has  
multiple key roles in the clearance of invading microbes, including 
opsonization, recruitment of phagocytic cells, and lytic destruction of 
pathogens.59,168,169,188,189,208,290,289,292,392

Approximately 90% of complement proteins are synthesized in the 
liver, but some components can be produced locally at sites of infection 
by tissue mononuclear phagocytes and fibroblasts.134,438 In healthy persons 
the majority of complement is found in the circulation. Circulating 
complement levels vary over time, particularly in the presence of 
inflammation. The inflammatory response may lead to increases in 
levels of those complement components such as C3 that are acute-phase 
reactants or to decreases in individual components and total complement 
activity as a result of consumption.

pathologic effects of this proinflammatory cascade may occur, including 
vascular instability, decreased myocardial contractility, capillary leak, 
tissue hypoperfusion, coagulopathy, and multiple organ failure.133,569 
For some systemic actions, notably the production of hemodynamic 
shock, IL-1 and TNF-α are synergistic. Both IL-1 and TNF-α also induce 
production of IL-6, a somewhat less potent cytokine that exhibits some 
of the actions of IL-1 and TNF-α.422 The human host produces several 
soluble antagonists of IL-1 and TNF-α that can modulate their effects, 
including IL-1 receptor antagonist (IL-1ra), soluble TNF-α receptor 
(sTNF-αR), and antiinflammatory cytokines, especially IL-10.133

The importance of effects mediated by IL-1 and TNF-α in the 
pathophysiology of septic shock has prompted much active research 
aimed at blocking their direct and downstream effects to reduce  
sepsis morbidity and mortality. To date, despite promise and progress, 
clinical strategies to interfere with the cytokine-induced cascade that 
leads to endotoxin shock have continued, overall, to meet with limited 
success.29,43,96,133,212,422,456,562,572

Chemokines
A specialized group of small cytokine-like polypeptides, chemokines, 
which all share the feature of being ligands for G-protein–coupled, 
seven-transmembrane-segment receptors, play a complex role in the 
immune response as cellular activators that induce directed cell migration 
mainly of immune and inflammatory cells.44,285,304,363,393,472 The chemokines 
and their receptors have been classified into four families based on the 
motif displayed by the first two cysteine residues of the respective 
chemokine peptide sequence. Each of at least 16 CXC chemokines binds 
to one or more of the CXCRs, CXCR1 to -6. Examples of CXC chemokines 
include IL-8 and Gro-α. Similarly, at least 28 CC chemokines, such as 
macrophage inflammatory protein (MIP)-1α; regulated and normal T 
cell expressed and secreted (RANTES); and eotaxin-1, -2, and -3 bind 
to one or more of the CCRs, CCR1 to -10. The sole CX3C chemokine, 
fractalkine (neurotaxin), binds to CX3CR1, currently the only receptor 
in its family. The two XC chemokines, including lymphotaxin, bind to 
the sole receptor in this family, XCR1. A chemokine nomenclature 
currently designates each of the chemokines as a numbered ligand for 
its respective receptor family. In this system, Gro-α is CXC ligand (L)-1 
(or CXCL-1), and IL-8 now becomes CXCL-8. Similarly, RANTES 
becomes CCL-5, fractalkine is CX3CL-1, and lymphotactin is XCL-1.285,472 
A review of this nomenclature system tabulates the members of each 
family with their respective ligands and receptors, as well as with the 
traditional names in both human and murine systems.285

Virtually every cell type of the immune system expresses receptors 
for one or more of the chemokines. The cells of virtually any inflamed 
tissue can release a range of chemokines, and tissues infected with 
different bacteria or viruses release chemokines that recruit characteristic 
sets of immune cells.235,304 For example, whereas rhinoviruses induce 
the release of chemokines that result mainly in recruitment of neutrophils 
(early in the course of infection), Epstein-Barr virus induces a set of 
chemokines that result in recruitment of B cells, NK cells, and both 
CD4+ and CD8+ T cells.235 It is of interest that almost mutually exclusive 
sets of chemokines are induced by cytokines associated with TH1 (IFN-γ) 
versus TH2 (IL-4, IL-13) versus TH17 (IL-17) immune responses (see 
later discussion), indicating a tight interplay between cytokines and 
chemokines in determining the type of immune response to specific 
infectious challenges generated under differing conditions.71 The 
specificity of such responses is strongly influenced by the type of 
chemokines released by specific tissues, the vascular adhesion molecules 
expressed in those tissues, the chemokine receptors expressed by different 
leukocyte populations, and the specific adhesion molecules expressed 
by leukocytes.71,235,304

Modulation of chemokine functions may occur by several mecha-
nisms. Chemokines themselves may be potentiated or inactivated by 
tissue proteases including tissue peptidases and matrix metalloproteases.369 
Heparin sulfate–related proteoglycans on endothelial cell surfaces tether 
chemokines locally, where they can most efficiently activate circulating 
leukocytes for adhesion (see later discussion). However, similar pro-
teoglycans free in the extracellular environment may act to bind and 
sequester chemokines, keeping them from interacting with their cellular 
receptors.136,324 Finally, in addition to the well-described use of chemokine 



20 PART I Host-Parasite Relationships and the Pathogenesis of Infectious Diseases

Classical pathway. Ordinarily the classical pathway is activated by 
IgM or IgG bound to microbial antigenic targets or by other kinds of 
antigen-antibody complexes.169 IgM activates complement more efficiently 
than IgG because only one molecule of polymeric IgM is required in 
contrast to at least two molecules of IgG.141 Activation typically is initiated 
when C1q binds directly to an immunoglobulin molecule on the surface 
of an organism. C1r and C1s are activated and bound to C1q sequentially, 
forming C1qrs. The enzymatic activity of this complex, which resides 
in the C1s molecule, can cleave multiple molecules of C4 and C2 into 
two fragments each. The C4a and C2b fragments are released into the 
environment, whereas C4b and C2a remain bound to each other on 
the target surface to form the classical pathway C3 convertase, C4b2a. 
C4bC2a can cleave and activate C3 and localize C3b binding to nearby 
sites on the target surface. As noted earlier, some C3b binds with C4b2a 
to form the classical pathway C5 convertase, C4b2a3b.

Alternative pathway. Alternative pathway activation of C3 is the 
principal means by which a nonimmune host can activate the effector 
functions of complement until a specific antibody response can be 
mounted.167,205

A spontaneous low level of hydrolysis of the thioester of C3 in the 
fluid phase results in an activated form of C3, C3(H2O). This activated 
form of C3 can bind factor B, and the latter is then cleaved by factor 
D to form the fluid phase C3 convertase C3(H2O)Bb. The constitutive 
presence of small amounts of this convertase in the fluid phase ensures 
that a small amount of C3b always is available to bind to microbial 
surfaces and initiate the alternative pathway.432 The alternative pathway 
protein factor B can bind to surface-bound C3b, after which factor B 
undergoes proteolytic cleavage by factor D to release a small soluble 
fragment, Ba, while the larger fragment, Bb, remains associated with 

The importance of normal complement component levels and activity 
in host defense has been well established and is based primarily on the 
increased susceptibility of patients with specific complement component 
deficiencies to recurrent or severe bacterial infections.166,168,188,289,290 
Although the complement response to infection usually is beneficial 
to the host, it also may be associated with adverse clinical manifestations 
such as septic shock and acute respiratory distress syndrome.158,203,576

Complement activation. Complement proteins are activated in a specific 
sequence or “cascade” via one or more of three pathways: the classical 
pathway, the alternative pathway, and the more recently described MBL 
pathway, as shown in Fig. 2.1. These pathways converge at C3, and the 
complement cascade downstream from C3 proceeds identically, irrespec-
tive of the pathway by which activation occurs. The C3 convertases, 
C4b2a for the classical and MBL pathways and C3bBb for the alternative 
pathway, cleave the C3 molecule at exactly the same location, producing 
C3b, which binds to the target surface, and C3a, which is released into 
the fluid phase. Cleavage and activation of C3 lead to a conformational 
change in C3b that transiently renders its reactive thioester group capable 
of forming covalent ester or amide bonds with acceptor molecules on 
the target surface.276,331 Surface-bound C3b can act as an opsonin to 
promote phagocytosis, or it can bind with the classical and alternative 
pathway C3 convertases to form the C5 convertases C4b2a3b and 
C3bBb3b, respectively.452 C5 convertases bind and then cleave C5, with 
release of the chemoattractant C5a fragment into the fluid phase. The 
bound C5b fragment then can initiate formation of the membrane 
attack complex by the sequential incorporation of the remaining terminal 
components, C6, C7, C8, and multiple molecules of C9. The membrane 
attack complex can insert into the outer membrane of target cells, such 
as erythrocytes or gram-negative bacteria, and cause cell lysis and death.292
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FIG. 2.1 The complement cascade. The initial binding events of the classical, mannan-binding lectin 
(MBL) and alternative pathways are indicated by a starburst. These pathways intersect at the conversion 
of C3 to C3b. This is followed by activation of the terminal components, beginning with the binding 
and cleavage of C5, releasing C5a and leaving bound C5b to initiate assembly of the remaining 
components to form the membrane attack complex (C5b6789). Enzymatically active proteases of the 
classical and alternative pathways that cleave and activate subsequent components are, by convention, 
shown with an overbar. The alternative pathway C3 and C5 convertases are shown associated with 
properdin (P), which increases their stability. B, Complement factor B; D, complement factor D; MASP, 
MBL-associated serine proteases. 
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stimulates these cells to release granule contents that also are important 
mediators of inflammation and microbicidal activity. C5a-induced 
neutrophil aggregation and stasis in the pulmonary circulation can be 
an important feature of the respiratory distress syndrome associated 
with sepsis.576

The anaphylatoxins, C4a, C3a, and especially C5a, induce release of 
histamine from mast cells and basophils, causing increased vascular 
dilation and permeability, which, in turn, permit local diffusion of 
other inflammatory mediators.279,576 When large quantities of anaphyla-
toxins are produced rapidly, they can contribute to septic shock.203

Microbicidal activity. As noted earlier, C5b and the terminal 
complement proteins C6, C7, C8, and C9 form the membrane attack 
complex, which can lyse gram-negative bacteria by penetrating their 
outer membranes.292 The C5b-C8 complex serves as a polymerization 
site for several molecules of C9, which increases the efficiency of lysis.68,539 
As has been noted, the membrane attack complex cannot penetrate  
the thick cell walls of gram-positive bacteria and fungi and therefore 
cannot kill these organisms directly. The membrane attack complex 
can lyse some virus-infected host cells and some enveloped viruses 
themselves.143

Immune regulation. Complement components and fragments can 
modulate immune responses, both directly by binding to CR1, CR2, 
and CR3 on the surfaces of T cells, B cells, and other cells involved in 
antigen recognition and indirectly by stimulating the synthesis and 
release of cytokines.195 For example, the C3b cleavage product, C3dg, 
when covalently bound to antigen, brings the antigen close to B cells 
by binding to B-cell CR2 (CD21).70,84,113 C3 influences antigenic localiza-
tion within germinal centers, and it is involved in anamnestic responses 
and isotype switching. Additionally, C1-, C2-, C4-, and C3-deficient 
animals have decreased antibody responses that can be restored by 
providing the missing protein,70,84,113 and C2 deficiency in humans also 
has been associated with antibody deficiencies.15,113

Phagocytes
PMNs, the most abundant circulating phagocytes in the human host, 
will serve as a model for discussing phagocyte functions. These cells 
constitute a major line of defense against invading bacteria and fungi. 
The proliferation of myeloid marrow progenitors and their differentiation 
into mature progeny are regulated by specific growth factors and 
cytokines.45,345,346,547 The normal half-life of circulating PMNs is approxi-
mately 8 to 12 hours.365,570 In the absence of active infection, most PMNs 
leave the circulation via the gingival crevices and the lower gastrointestinal 
tract, where the resident flora stimulate ongoing local extravasation of 
PMNs, a process that helps maintain the integrity of these tissues.29 In 
response to invasive bacterial infection, circulating PMNs engage in 
three major functions: (1) migration to the site of infection, (2) recogni-
tion and ingestion of invading microorganisms, and (3) killing and 
digestion of these organisms.

Phagocyte recruitment to infected sites. Activation of endothelial cells 
that line the microvessels of acutely infected tissue occurs via locally 
produced cytokines, eicosanoid compounds, and microbial products.110,505 
As a result, the endothelial cells rapidly upregulate their surface expression 
of P-selectin from preformed intracellular storage pools and, subsequently, 
of E-selectin by new synthesis.344,509 These selectins interact with the 
fucosylated tetrasaccharide moiety sialyl Lewis X, which is presented 
on constitutively expressed glycoproteins on PMNs including L-selectin 
and P-selectin glycoprotein ligand–1 (PSGL-1).328,344,598 These early 
interactions slow the PMNs in this first adhesive phase of leukocyte 
recruitment, sometimes described as “slow rolling.”67,110,505 Within several 
hours, newly synthesized ICAM-1 is expressed at the endothelial 
surface.110,505,508 The slowly rolling PMNs are activated by transient 
selectin-mediated interactions and locally produced mediators, especially 
endothelium-derived chemokines such as IL-8.343 These chemokines 
are most effective in PMN activation when they are bound by complex 
proteoglycans at the endothelial cell surface.324,573 The activated PMNs 
then signal the conformational activation of binding function of their 
surface β2 integrins LFA-1 and Mac-1,171,563 as well as translocating an 
additional large quantity of Mac-1 from intracellular storage pools to 
the cell surface.60,80,82 This newly translocated Mac-1 also may undergo 
conformational activation as the PMN is exposed to increasing 

C3b. C3bBb, the alternative pathway C3 convertase, is analogous to the 
classical pathway C3 convertase, C4b2a. Properdin stabilizes the C3 
convertase C3bBb, permitting more efficient activation of C3 to form 
more C3b, creating the C3 amplification loop (see Fig. 2.1).202,205

The most important factor in determining whether a specific microbial 
pathogen will activate the alternative pathway is the biochemical nature 
of its surface. On surfaces rich in sialic acid, bound C3b is less able to 
bind factor B because another molecule, factor H, has a strong competitive 
advantage over factor B under these conditions. When bound by factor 
H, C3b becomes highly susceptible to further cleavage by factor I (C3b 
inactivator), resulting in C3bi (or iC3b). Although C3bi is an effective 
opsonin, it cannot bind factor B. Thus no alternative pathway convertases 
can be formed, and no amplification loop is established.59,325,392 Organisms 
whose surfaces do not support activation of the alternative pathway, 
such as K1 Escherichia coli, groups A and B streptococci, Streptococcus 
pneumoniae, Neisseria meningitidis, Haemophilus influenzae type b, and 
some salmonellae are some of the most successful pathogens in infants 
and young children who lack specific protective antibodies.115,292

Mannan-binding lectin pathway. The most recently described 
complement activation pathway is the MBL pathway. It is similar to 
the classical pathway but does not involve antibodies. MBL is a serum 
protein of the collectin family that has structural and functional similari-
ties to those of C1q. However, it does not require antigen-antibody 
complexes to initiate its complement-activating function. MBL binds 
to mannose-containing carbohydrates on microbial surfaces, leading 
to its association at the microbial surface with activated MBL-associated 
serine proteases (MASP-1 and -2). These latter proteases have structural 
and functional similarities to C1r and C1s, respectively, and result in 
activation of C4, with sequential binding of C4b and C2a and formation 
of C4b2a, the C3 convertase of the classical pathway. C3 is activated, 
and the cascade proceeds as described. A more detailed characterization 
of the MBL pathway and its role in immune responses to infection may 
be found in an excellent review.440

Effector functions of complement in host defense. The principal comple-
ment effector functions in host defense include opsonization via bound 
fragments of C3; phagocyte recruitment, especially via release of C5a; 
lysis of microorganisms, especially gram-negative bacteria, via the 
membrane attack complex (C5b–C9); and immune regulation via 
interactions with host cells involved in adaptive immunity. Complement 
sometimes may be activated and bound to microbial surfaces but  
unable to carry out these functions if it is bound at a disadvantageous 
location; for example, C3b bound to a pneumococcal cell wall beneath 
a thick polysaccharide capsule or C5b–C9 bound to long lipopolysac-
charide molecules distant from the gram-negative bacterial outer 
membrane.93,240,277,292

Opsonic activity. Complement opsonic activity is essential for 
effective phagocytic removal of organisms from the circulation by 
macrophages in the liver and spleen and from other sites by local 
macrophages and neutrophils.78 Opsonins facilitate recognition, binding, 
ingestion, and killing of microorganisms by phagocytes. Opsonization 
particularly is important for protection against gram-positive bacteria 
and fungi because their thick cell walls prevent them from being killed 
by the membrane attack complex.

The major complement-derived opsonins are the C3 fragments C3b 
and iC3b. Surface-bound C3b and iC3b permit microbes to be recognized 
by circulating and tissue phagocytes by interacting with the phagocyte 
surface complement receptors CR1 (CD35) and CR3 (CD11b/CD18), 
respectively. These interactions lead to binding, ingestion, and intracel-
lular killing of the organisms.117,240,277,276,331

Antibodies, especially of the IgG class, are important opsonins in 
their own right, but they also facilitate more rapid complement activation 
via the classical pathway and more effective localization of C3b binding 
to the surface of encapsulated organisms, where it is accessible to 
phagocyte receptors.93,277,294

Inflammation. The cleavage products of several complement proteins 
contribute to the development of inflammatory responses. C3a stimulates 
an increase in the number of circulating granulocytes, and C5a serves 
as a potent stimulus for monocyte, neutrophil, and eosinophil migration 
toward the source of C5a gradients being produced at infected tissue 
sites. C5a also upregulates phagocyte expression of CR1 and CR3 and 
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ordinarily expressed on circulating PMN are FcγRII (CD32) and FcγRIII 
(CD16).547,556 FcγRII is conventionally anchored in the cell membrane, 
exhibits polymorphisms that determine preferences for binding of certain 
IgG subclasses, and can directly activate PMN oxidative burst activ-
ity.547,556,557 FcγRIII is expressed on PMNs as a glycolipid-anchored protein, 
although it is anchored conventionally on NK cells and macro-
phages.482,549,556 Many phagocytes also express IgA FcRs, which promote 
phagocytosis and killing of IgA-opsonized bacteria.278,385

The engagement of phagocyte receptors with microbial opsonins 
on microbes locally activates cytoskeletal contractile elements, leading 
to engulfment of the microbe within a sealed phagosome.530 This is 
followed by fusion of the phagosome with lysosomal compartments 
containing the phagocyte’s array of microbicidal products.

Phagocyte microbicidal mechanisms. Intracellular killing by phagocytes, 
usually within the fused phagolysosome, involves microbicidal weapons 
that can be categorized as either oxygen-dependent or oxygen-
independent.466 The oxygen-dependent microbicidal mechanisms of 
phagocytes depend on a complex enzyme, reduced nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase, which catalyzes the conversion 
of molecular oxygen (O2) to superoxide anion (O2

−), the reaction  
that is deficient in chronic granulomatous disease (see later discus-
sion).39,40,129 As the name suggests, the reaction catalyzed by this enzyme 
requires a supply of NADPH, which is supplied in turn by reactions of 
enzymes of the hexose monophosphate shunt. The NADPH oxidase is 
assembled at the plasma or phagolysosomal membrane of activated 
cells from six known components that include a cytochrome (α- and 
β-subunits, designated gp91phox and p22phox, respectively) and at least 
three cytosolic proteins, p40phox, p47phox, and p67phox (“phox” refers to 
phagocyte oxidase), along with a Rac-1 GTPase, which assemble with 
the membrane-associated components to form the active enzyme complex 
(Fig. 2.3).40,80,129 Each of the main oxidant products derived from this 
enzyme’s activity exhibits microbicidal activity, including the earliest 

concentrations of mediators.171,269 These activated β2 integrins interact 
with the endothelial cell ICAM-1 in this second, firm adhesion  
phase, which is necessary for transendothelial migration of the 
PMNs.60,110,170,343,496,505,508 Other chemoattractants, such as C5a, N-formyl 
bacterial oligopeptides, and leukotrienes (e.g., LTB4) that diffuse from 
the site of infection further activate PMNs and provide a chemotactic 
gradient for PMN migration into tissue.177,232,393 The receptors for these 
chemoattractants, like the chemokine receptors, are G-protein coupled 
and have a seven-transmembrane-domain structure.232,393 They constitute 
important sensory mechanisms of the PMNs for activating adhesion, 
directional orientation, and the contractile protein-dependent lateral 
movement of adhesion sites in the PMN membrane necessary for cell 
locomotion.24,232,393,531 A scheme for PMN recruitment from the micro-
circulation into infected tissue is presented in Fig. 2.2. Although the 
specific stimuli and adhesion molecules may vary, this general scheme 
applies to the local recruitment of virtually all circulating cells of the 
immune system.71,235,304

Phagocytosis. After PMNs reach the site of infection, they must 
recognize and ingest, or phagocytose, the invading bacteria. Opsonization, 
especially with IgG and fragments of C3, greatly enhances phagocyto-
sis.277,293 Although nonopsonic phagocytosis may occur, only opsonin-
mediated phagocytosis is considered here.483,546 CR1 and CR3 are the 
main phagocytic receptors for opsonic C3b and iC3b, respectively.60–62,204 
When PMNs are activated by chemoattractants or other stimuli, CR1 
and CR3 are rapidly translocated to the cell surface from intracellular 
storage compartments, thus increasing surface expression up to 
10-fold.60,204 Note that CR3 is identical to the adhesion-mediating integrin 
Mac-1.35,60 CR1 and CR3 act synergistically with receptors for the Fc 
portion of antibodies, especially IgG.34,293 Phagocytic cells may express 
up to three different types of IgG Fc receptors, or FcγRs, all of which 
can mediate phagocytosis.200,556 FcγRI (CD64) is a high-affinity receptor 
that is expressed mainly on mononuclear phagocytes.556 The two FcγRs 
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FIG. 2.2 Events during leukocyte (polymorphonuclear leukocytes [PMNs]) recruitment to infected 
sites. Interactions between microorganisms in infected tissue and host cells and proteins result in 
elaboration of mediators that diffuse to the local microcirculation and stimulate the endothelial cells. 
This induces new surface expression of P-selectin and E-selectin, release of interleukin-8 and other 
chemokines, and new surface expression of intercellular adhesion molecule 1 (ICAM-1). The endothelial 
selectins bind to constitutively expressed carbohydrate ligands on circulating PMNs and slow the 
passage of the PMNs through the microvessels. As the PMNs slow further, they become activated 
by interaction with chemokines bound to complex glycopeptides on the endothelial surface. This 
activation of PMNs increases their expression and binding activity of the β2 (CD11/CD18) integrins, 
Mac-1 and lymphocyte function–associated antigen–1 (LFA-1). Interactions between these integrins 
and ICAM-1 (and ICAM-2 in the case of LFA-1) lead to tight adhesion and spreading on the endothelial 
surface. These latter adhesive interactions also are used for migration between endothelial cells and 
through the subjacent extracellular matrix in response to the gradient of chemoattractants, such as 
C5a, chemokines, and bacterial peptides, released at the infected site. Homophilic interactions between 
PECAM-1 on the PMNs and endothelial cells (not diagrammed) also appear to contribute to transendothelial 
migration. (Courtesy Scott Seo, MD.)
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activating antigen-specific B cells; and the differentiation of activated 
B cells into plasma cells for the production of specific antibodies. Whereas 
the innate immune responses described earlier often occur in a matter 
of minutes to hours and may activate early cellular responses that are 
essential for the development of adaptive immunity, the full development 
of most adaptive immune responses requires days to weeks. Once 
developed, however, the latter often can provide durable protection. A 
summary of the major events in the adaptive immune response to 
infection is diagrammed in Fig. 2.5.

Antigen Presentation and Specific Cell-Mediated Immunity
Specific cell-mediated immunity provides T-cell help for antibody 
production by B cells, cytokine production for the stimulation and 
regulation of a range of immune responses, and cytotoxic T-cell activity 
against host cells infected with viruses.175,391,436 The development of 
cell-mediated immunity requires complex interactions between T cells 
and APCs via several types of surface molecules on the respective cell 
surfaces. These include binding of an antigen-specific T-cell receptor 
on the T lymphocyte to a peptide antigen presented on the class I or 
II MHC by the APCs, with concurrent binding of the class I or class II 
MHC by CD8 or CD4, respectively,144,543 as represented in Fig. 2.6. Other 
respective pairs of cell-surface molecules that enhance interactions 
between T cells and APCs include CD40 ligand/CD40, LFA-1/ICAM-1, 
and CD28/B7. An additional molecule, cytotoxic T lymphocyte antigen–4 
(CTLA-4), expressed on activated T cells, also can bind to B7 molecules 
on APCs to generate a suppressive signal that may terminate T-cell 
activation.543 The sustained physical interface between T cells and APCs 
at which these molecular interactions take place has been characterized 
as the “immunologic synapse.”32,92,242

Class I major histocompatibility complex. Virtually all human cells except 
neurons express class I MHC.152,153 The class I MHC molecule  
presents antigenic peptides to CD8+ cytotoxic T lymphocytes.67,407 It 
consists of a heavy chain that contains both the peptide-binding domain 
and a transmembrane domain and a smaller extracellular subunit, 

products, O2
− and H2O2, and the more potent downstream products 

hypochlorite (OCl−) and chloramines (NH3Cl, RNH2Cl), with chlora-
mines being the most stable.248,466

The oxygen-independent microbicidal activity of PMNs resides mainly 
in a group of proteins and peptides stored within their primary (azuro-
philic) granules and, to a lesser extent, in their secondary (specific) 
granules.80,81,83,225 Lysozyme is contained in both the primary and the 
secondary (specific) granules of PMN.522 It cleaves important linkages in 
the peptidoglycan of bacterial cell walls and is most effective when it can 
act in concert with the complement MAC.293 The primary granules contain 
several cationic proteins with important microbicidal activity. A 59-kDa 
protein, bactericidal/permeability-increasing protein, is active against only 
gram-negative bacteria.578 Smaller arginine- and cysteine-rich peptides, 
the α-defensins, similar to the β-defensins of epithelial cells, are active 
against a range of bacteria, fungi, chlamydiae, and enveloped viruses; 
other related molecules include cathelicidin and a group of peptides called 
p15s.221,224,225,337,341 Some of these PMN proteins and peptides interact with 
each other synergistically to enhance overall antimicrobial activity.340

Important Interactions Among Innate Immune Mechanisms
A schematic overview of many of the main features of innate immunity 
discussed earlier, along with some of their important interactions, is dia-
grammed in Fig. 2.4. Several levels of interactions are depicted, from initial 
host-pathogen contact, through a variety of activating signals, to the attack 
by host effector mechanisms on their respective pathogenic targets.545

Adaptive Immune Responses
Adaptive immunity involves the host’s antigen-specific responses to 
infectious challenges that can provide specific protection against sub-
sequent challenges by the same infectious agent. The major steps in the 
development of adaptive immunity include the processing and presenta-
tion of specific antigens to T lymphocytes (T cells) by antigen-presenting 
cells (APCs); the activation and differentiation of T cells for specific 
cytotoxic T-cell activity, T-cell cytokine production, and T-cell help in 
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for primary activation of naïve T cells, are macrophage-like cells of a 
distinct lineage that take up and process antigens in tissues and migrate 
to local lymph nodes or to the spleen, where they are likely to encounter 
T cells specific for the presented antigens.182,183,253,463 A defining feature 
of these professional APCs is their expression of class II MHC molecules 
in addition to class I MHC.153 Class II MHC molecules consist of an α 
and a β chain, which together form a peptide-binding cleft.94,475 Class 
II MHC molecules present peptides, 13 to 17 amino acids in length, 
derived from proteins that are internalized by endocytosis or during 
phagocytosis of microorganisms.251,281,475 The three major types of class 
II MHC α and β chains are HLA-DR, HLA-DP, and HLA-DQ, each 
exhibiting a high degree of polymorphism.460 MHC class II, bound to 
a separate smaller molecule known as the “invariant chain,” traffics via 
the Golgi to endosomal/lysosomal compartments, where it must dissociate 
from the invariant chain to bind antigenic peptides derived from 
internalized proteins.461,541,542 The class II MHC–peptide complexes then 
move to the cell surface, where the peptide antigens are bound by 
specific T-cell receptors of CD4+ T cells, which concurrently bind class 
II MHC via CD4.183,351

Fig. 2.7 depicts the essential features of the conventional antigen 
presentation pathways that involve class I and class II MHC molecules, 
as described earlier. Alternative mechanisms have been documented by 
which class I MHC can present peptides derived from internalized 
exogenous proteins, and class II MHC may present peptides derived 
from newly synthesized proteins. The importance of these unconventional 
pathways of antigen presentation in the immune response is not fully 

β2-microglobulin.73,462 The three major types of class I MHC heavy 
chains in humans, human leukocyte antigen (HLA)-A, HLA-B, and 
HLA-C, have at least 22, 31, and 12 different alleles, respectively.597 This 
polymorphism permits a great diversity in the peptide-binding repertoire 
in individuals and within populations. A restricted degree of MHC 
genetic polymorphism has been invoked as a possible explanation for 
the predisposition of certain populations to develop infections.74 Class 
I MHC molecules within the cell ordinarily bind peptides derived from 
recently synthesized proteins, either of self-origin or of infecting 
viruses.198,199 A portion of newly synthesized proteins is processed into 
peptides at a cytoplasmic site, the proteasome.236 These peptides are 
actively transported into the endoplasmic reticulum, where they are 
bound in the peptide-binding cleft of MHC class I. Suitable peptides 
usually are restricted to 8 to 10 amino acids in length, and they must 
contain certain amino acids at specific “anchor” positions on the peptide 
to bind.280 Allelic variants of MHC class I may require different amino 
acids at these anchor positions.218 The other amino acids of the peptide 
constitute the specific antigenic determinant. After trafficking of the 
MHC-peptide complex to the cell surface, the peptide antigen is rec-
ognized and bound by a specific T-cell receptor on CD8+ cytotoxic T 
cells, which concurrently bind the heavy chain of MHC class I via 
CD8.67,218,280,551

Class II major histocompatibility complex. Mononuclear phagocytes, B 
lymphocytes, and dendritic cells, including specialized tissue-specific 
dendritic cells, such as the Langerhans cells of the skin, serve the immune 
system as “professional” APCs.565 Dendritic cells, the most efficient APCs 
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resulting antigenic peptides on either class I or class II MHC molecules. The activated APCs migrate 
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the T cells to become effector cells. Cytotoxic effector CD8+ T cells migrate into the periphery and 
kill virus-infected cells that present viral peptides via MHC class I. Effector CD4+ cells either migrate 
to the periphery where they produce cytokines and otherwise regulate immune responses or remain 
in the lymphoid tissue to provide help to antigen-specific B cells, promoting their proliferation, differentia-
tion, and eventual production by their progeny plasma cells of specific antibodies that can neutralize 
viruses, prevent microbial attachment, opsonize microorganisms, or activate complement. 
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26 PART I Host-Parasite Relationships and the Pathogenesis of Infectious Diseases

ability to produce large amounts of type 1 interferons that disrupt viral 
replication.38,536 Additionally they can play an auxiliary role in the adaptive 
immune response by providing help to conventional dendritic cells 
during antigen presentation, apparently by helping to sustain IL-12 
production by the latter in response to IFN-γ released by interacting T 
cells.38,536

T Lymphocytes
The development of T lymphocytes, or T cells, begins when prothy-
mocytes leave the marrow and enter the subcapsular region of the 
thymus.181 By mechanisms that are poorly understood, the thymic 
environment induces the rearrangement of T-cell receptor V (variable), 
D (diversity), and J (joining) gene segments with the eventual expression 
of mature α-β T-cell receptors complexed with CD3. The T cells, now 
coexpressing CD4 and CD8, migrate to the thymic cortex, where they 
undergo screening for T-cell receptor specificity both to optimize the 
repertoire for distinguishing self from nonself and to eliminate T-cell 
receptor rearrangements that result in undesirably high self-reactivity. 
Thymocytes that do not pass this dual screening procedure receive 
signals that induce programmed cell death (apoptosis).373,394,567 Only 
about 5% of the original thymocytes pass this screening, after which 
they express either CD4 or CD8 but not both.373,394,458,567 Mature thy-
mocytes are released into the periphery, where the CD4+ cells serve as 
the main source of IL-2 and provide help for B-cell antibody production, 
and the CD8+ cells engage in specific cytotoxic activity.231,391 This discus-
sion of T cells and T-cell receptors specifically relates to T cells that 
express T-cell receptors composed of α and β chains, or α-β T cells. T 

understood, but evidence indicates that such “cross-presentation” may 
be important for generation of CD8+ cytotoxic T-cell response against 
some viruses or fungi taken up via endocytosis by antigen-presenting 
cells.36,348

CD1 family of antigen-presenting molecules. The CD1 family includes 
proteins with significant homology and structural similarity to that of 
the MHC class I heavy chain but that present lipid and glycolipid antigens. 
All mammalian species express one or more members of the CD1 family, 
principally on professional antigen-presenting cells. Four human CD1 
proteins, CD1a, CD1b, CD1c, and CD1d, have been identified, each 
tightly associated with a β2-microglobulin subunit. Mycolic acid, 
lipoarabinomannans, and other related components of mycobacteria 
are the best-documented foreign antigens presented by CD1 molecules, 
and both internalized antigens and antigens synthesized within the 
antigen-presenting cells by ingested mycobacteria may be presented via 
distinct trafficking patterns of the CD1-antigen complexes. Antigens 
presented on antigen-presenting cells by CD1 molecules are recognized 
by a specialized subset of CD1-restricted T cells that usually lack CD4 
and CD8; these are known as NK T cells. These cells share characteristics 
of both NK cells and T cells and exhibit a limited range of T-cell receptor 
specificity. Greater detail regarding the structure, function, phylogeny, 
trafficking, expression, and T-cell interactions for members of the CD1 
family may be found in a recent review.489

Plasmacytoid dendritic cells. A specialized class of dendritic cells known 
as “plasmacytoid” dendritic cells plays a multifactorial role in both 
innate and adaptive immune responses. These cells are early responders 
to viral infections by virtue of their expression of TLR7/9 and their 
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CD4+ T cells bound in common to an APC may play a role in activating 
naïve CD8+ T cells, either by releasing IL-2 or by activating the antigen-
presenting cell to provide greater costimulation to the CD8+ T cell to 
make its own IL-2.31 Antigenically experienced effector CD8+ T cells 
respond to specific antigenic peptides and costimulatory molecules on 
infected host cells by activating cytotoxic mechanisms similar to those 
described earlier for NK cells, including the release of both perforin 
and granzymes and the generation of receptor-mediated signals for 
target cell apoptosis.345,476,552

Regulatory T cells. The existence of T suppressor cells was long a 
subject of debate among immunologists. Within the past decade solid 
evidence has been developed to support the existence of suppressor T 
cells, now referred to as regulatory T cells, or T-regs. These cells were 
discovered when thymectomized mice were noted to develop autoimmune 
disease. Transfer of T cells that expressed CD25, the α chain of the IL-2 
receptor, from normal adult mice to thymectomized mice prevented 
autoimmune disease. This population of CD4+CD25+ T-regs can suppress 
the activity of other immune cells and has been shown to prevent 
graft-versus-host disease and allograft rejection.449 The mechanism of 
suppression by T-regs is uncertain but may involve direct contact with 
other cells or secretion of inhibitory cytokines, including IL-10.349,484 
These inhibitory cytokines can interfere with T-cell proliferation and 
inhibit the ability of antigen-presenting dendritic cells to promote T-cell 
activation.349,484 The role of T-regs in immunity to infection is only 
beginning to be studied, but some current evidence suggests that the 
action of T-regs with specificity for microbial antigens may suppress 
protective immune responses to some infections but may also suppress 
excessive or injurious host responses.449

T-cell memory. Some proportion of activated CD4+ and CD8+ T cells 
become endowed with the capacity for long-term antigenic memory 
and can rapidly become effectors on re-exposure to specific antigen. 
Whether these cells develop directly from naïve T cells or previously 
have been effector cells, or both, is uncertain, and the mechanisms by 
which they become memory T cells are poorly understood. Among the 
features of memory T cells are high-level expression of CD45RO, the 
ability to suppress activation of naïve T cells of the same specificity, 
and a homeostatic level of ongoing proliferation in bone marrow and 
peripheral lymphoid organs.296,357,481,599

T-cell activation by superantigens. The term superantigen describes a 
class of proteins, mainly microbial exotoxins, including most staphylococ-
cal enterotoxins, staphylococcal toxic shock syndrome toxin–1 (TSST-1), 
and related streptococcal TSST-1–like toxins. These bacterial toxins are 
potent pyrogens, can induce a potentially lethal toxic shock syndrome, 
and contain binding domains for both T-cell receptor V regions and 
MHC class II molecules. Superantigens bypass normal antigen-processing 
and presentation pathways by binding directly to class II MHC molecules 
on antigen-presenting cells and to specific variable regions on the β-chain 
of the T-cell antigen receptor. Through these interactions, superantigens 
induce a polyclonal activation of T cells at orders of magnitude above 
levels induced by antigen-specific activation, resulting in massive release 
of cytokines from T cells and antigen-presenting cells, including TNF-α 
and TNF-β, IL-1, IL-2, and IFN-γ, that are believed to be responsible 
for the most severe features of toxic shock syndromes.14,450

B Lymphocytes and Immunoglobulins
B lymphocytes. B lymphocytes (B cells) are the source of humoral 

immunity in the form of specific immunoglobulin. The earliest recogniz-
able marrow precursors of B cells are pro-B cells whose surfaces bear 
the pan-B marker CD19. Further differentiation produces pre-B cells 
and then mature B cells, the latter expressing cell-surface immunoglobulin 
by which they recognize and bind antigen. B lymphocytes constitute 
approximately 20% of the lymphocytes in the circulation and peripheral 
lymphoid tissues, including the lymph nodes, spleen, bone marrow, 
tonsils, and intestines, and they are identified by the presence of surface 
immunoglobulin and the pan-B differentiation markers CD19 and 
CD20.109,371

B-cell activation is initiated by recognition and binding of specific 
antigens to B-cell surface immunoglobulins. Early activation leads to 
increased expression of receptors that either bind cytokines (e.g., IL-2, 
IL-4, and IL-6) or interact with T cells,327 leading in turn to clonal 

cells of a distinct type, γ-δ T cells, are far less numerous in most tissues 
(intestinal epithelium is a notable exception), exhibit much less T-cell 
receptor diversity than do α-β T cells, may not require an intact thymus 
for development, and play a role in host responses to certain intracellular 
bacterial pathogens, including Listeria and mycobacteria.106,254

Antigen specificity of α-β T cells resides in their T-cell receptors, 
which are integral membrane proteins that exhibit structural homology 
with immunoglobulins. T-cell receptor diversity results from a rear-
rangement of V, (D), and J segments.226 There are up to 100 different 
V segments, one (D) segment, and as many as 100 different J segments 
in the complete germline configuration of the T-cell receptor genes. 
Rearrangement of these gene segments into a mature VDJ sequence 
occurs by the action of a recombinase enzyme complex formed by two 
proteins, RAG-1 and RAG-2.417,488 T-cell receptor diversity is generated 
by several factors, including the range of possible combinations of V, 
(D), and J segments; the imprecise action of the recombinase complex; 
the variability in the number of nucleotides deleted during rearrangement; 
and the action of another enzyme, terminal deoxytransferase, which 
appears to add nucleotides at random to extend segments during 
rearrangement.206,504 The actions of Artemis and DNA ligase IV, two 
enzymes critical for the processing and joining of DNA ends, introduce 
additional sources of variability.99,191,355,585 It has been estimated that as 
many as 1015 different T-cell receptor specificities theoretically could 
result from the preceding mechanisms.159

Stimulation of naïve CD4+ or CD8+ T cells occurs as they circulate 
through peripheral lymphoid tissue and encounter dendritic cells and 
other professional APCs. Localized T-cell migration is highly regulated 
by specific chemokines and adhesive interactions with local endothelium 
and involves mechanisms similar to those discussed earlier for circulating 
phagocytes.185,320 When T cells engage APCs presenting specific peptide 
antigens on the appropriate MHC molecules, they are activated via 
their T-cell receptor and several costimulatory molecules, especially 
CD28, to produce IL-2 and proliferate and differentiate into effector T 
cells.128,284

Effector CD4+ T cells may be of the TH1 or TH2 type, and this type 
is influenced by several factors, including the specific cytokines elicited 
by a particular microbial pathogen.395 Naïve T cells activated in the 
presence of IL-12 and IFN-γ are likely to develop into TH1 cells, whereas 
IL-4 and IL-6 tend to drive development in the direction of TH2 
cells.390,395,397 Preferential development of TH1 effector cells leads mainly 
to macrophage activation and cell-mediated immunity, whereas TH2 
effector cells help drive certain aspects of humoral immunity, including 
immunoglobulin class switching to IgE in allergic responses.395 Until 
recently, before the identification of the TFH subset (see later discussion), 
TH2 cells were thought to be the principal cell in providing T-cell help 
for B-cell antibody production.

A third major subset of effector CD4 T cells are TH17 cells, whose 
main function appears to involve protection against extracellular bacteria 
and fungi by stimulating phagocytic cell responses to these patho-
gens.272,349,382 Their development is favored by the presence of IL-6 and 
TGF-β and by the absence of IL-4 and IL-12. They are distinguished 
by their ability to produce IL-17 cytokines, which in turn stimulate 
local tissues to produce chemokines, such as IL-8, that recruit neutrophils 
and other phagocytic cells to tissue sites.272,349,382 Development of TH17 
cells involves production of IL-21, which acts in an autocrine fashion 
to activate signal transducer and activator of transcription 3 (STAT3), 
a transcription factor that drives TH17 cell development.272,382

In contrast to TH1, TH2, and TH17 CD4 T cells, which exert their 
main effector functions in the periphery, a fourth T-cell subset, T follicular 
helper cells, or TFH cells, appears to account for most of the CD4 T cells 
that provide help to B cells in the lymphoid follicles for antibody produc-
tion.306,411 TFH cells are characterized by their location in lymphoid 
follicles, expression of the CXCR5 chemokine receptor, and their ability 
to secrete cytokines typical of both TH1 and TH2 cells.306,411 The devel-
opmental origins of these cells in humans and their relationships and 
interactions with the other T-cell subsets are subjects of current research.

Activation of naïve CD8+ T cells by antigen binding, costimulation 
by accessory binding molecules on antigen-presenting cells, and exposure 
to cytokines, including IL-2, all lead to clonal proliferation of specific 
CD8+ cells and their differentiation into cytotoxic effector cells. Effector 
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The variable region of the immunoglobulin molecule contains the 
antigen-binding site. Like the T-cell receptor, the Fab region consists 
of two identical heavy and light chain pairs; similarly, broadly diverse 
antigen specificity results from the variable nature of recombinase-
mediated DNA rearrangements of the three hypervariable, or 
complementarity-determining, regions (CDR1, CDR2, and CDR3) and 
the four framework regions during B-cell development.201,334,359 The 
imprecision inherent in this rearrangement, involving mechanisms 
similar to those described for the T-cell receptor, leads to the generation 
of more than 1012 potential antigenic specificities. Somatic hypermutation 
of variable regions after gene rearrangement adds to the repertoire, and 
further diversity results from differences in approximation of the three 
CDRs in relation to each other, affecting the three-dimensional structure 
of the antigen recognition site.408,433 Thus unlike most T-cell receptors, 
which recognize specific peptide sequences, the antigen-binding domain 
of an immunoglobulin molecule recognizes the three-dimensional 
structure of its respective antigen.43,156

All immunoglobulin is derived from B cells expressing surface IgM. 
B cells may change immunoglobulin isotype when they differentiate 
into plasma cells, which produce only one class or subclass of immu-
noglobulin each. Isotypes other than IgM are the result of isotype 
switching by replacing a part of the constant region of the immuno-
globulin heavy chain with another isotype-specific segment.447,526 As 
already noted, isotype switching primarily depends on specific B-cell 
interactions with cytokines and T cells. The variable region remains 
unchanged during isotype switching; thus there is no change in antigen 
specificity. However, important features of immunoglobulins, including 
half-life, localization in tissues, ability to activate complement, and 
interactions with cellular IgG receptors, are directly determined by 
isotype.91,287,556

In addition to isotype switching, immunoglobulins undergo the 
process of “affinity maturation.” As B cells proliferate in lymphoid tissue 
in response to persistent or repeated antigen exposure and T-cell help, 
they undergo V-region somatic hypermutation. When this mutation 
results in a reduced or absent affinity for antigen, B cells are less able 
to become activated and elicit T-cell help. Such B cells die by apoptosis, 
removing lower affinity immunoglobulin from the repertoire. Alterna-
tively, B cells that undergo a mutation resulting in increased affinity 
for antigen are better able to bind antigen, present antigenic peptides 
to T cells, receive T-cell help, and survive to give rise to plasma cells, 
which in turn will produce immunoglobulin with higher affinity. This 
is a process that occurs as a result of booster doses of vaccines or during 
persistent infections, as with cytomegalovirus, for example.26,444

Immunoglobulin isotypes. IgG accounts for about 80% of circulating 
immunoglobulin and includes the subclasses IgG1, IgG2, IgG3, and 
IgG4.64 The half-life of IgG ordinarily is about 21 days (7 days  
for IgG3).287 Initial exposure to most microbial protein antigens first 
induces IgM and then an IgG response consisting of IgG1 and IgG3. 
IgG2 and IgG4 usually are produced during the secondary immune 
response. IgG1 usually is made in response to protein antigens.287  
In adults, the main antibody response to polysaccharides is IgG2, whereas 
in infants IgG1 predominates.6,17 The functions of IgG in host defense 
include blocking microbial attachment, opsonization, complement 
activation, toxin and virus neutralization, and promoting antibody-
dependent cell cytotoxicity. IgG1, IgG2, and IgG3, but not IgG4, can 
trigger complement activation via the classical pathway by binding  
to C1q.91

Free IgM usually exists as an immunoglobulin pentamer that has a 
molecular weight of approximately 950,000 and is stabilized by a single 
J chain.186,314,374,433 Present mainly in the circulation, its half-life is 
approximately 8 to 10 days. The IgM response is the earliest of the 
isotype responses, appearing within the first few days of infection, but 
it is transient. The formation of an IgM response in the absence of an 
IgG response to infection is not associated with the formation of memory 
B cells. The main direct action of IgM in host defense is the activation 
of complement via the classical pathway.374

IgA exists in monomeric circulating and polymeric secretory forms 
and has a half-life of about 7 days.287 Both forms are produced mainly 
by plasma cells that have migrated to mucosal sites. Secretory IgA is 
made up of two or three IgA molecules joined by a stabilizing J segment 

proliferation and differentiation into memory B cells and plasma cells 
in the germinal centers of peripheral lymphoid tissue.302 Some data 
suggest that B-cell differentiation into memory B cells is favored by 
exposure to the CD40 ligand on dendritic cells in lymphoid organs, 
whereas differentiation into plasma cells is favored by exposure to CD23, 
IL-1α, IL-6, and IL-10.302,540 The plasma cells, later found in bone marrow 
and liver as well as peripheral lymphoid tissue, are responsible for most 
free immunoglobulin production.540

The B-cell response to protein antigens depends on T-cell help. B 
cells can process and present antigen to CD4+ TFH cells they encounter 
in the lymph nodes and spleen.301,302,540 In the typical sequence of events, 
B-cell surface immunoglobulin binds to a protein antigen, which is 
internalized, processed, and presented to the T cell via class II MHC 
molecules. B cell–mediated activation of T cells during antigen presenta-
tion is much more effective for memory T cells, whereas naïve T cells 
are more likely to be turned off or rendered tolerant.197,220 T-cell help 
is provided for B-cell proliferation and production of antibody against 
the specific protein antigen. This is mediated by signaling via CD40-ligand 
interactions with CD40 on the B cell and by the release of cytokines, 
which also can induce isotype switching.163,405,526 Most B-lymphocyte 
responses to polysaccharide antigens proceed largely without formal 
T-cell help, although antibody responses to some such antigens may 
be enhanced in the presence of T cells.384

Immunoglobulin. Immunoglobulin molecules may be bound at the 
surface of B cells or free in the circulation, mucosal secretions, or tissues. 
Free immunoglobulins function in host defense against infection by 
binding to microbial surfaces to prevent microbial attachment, activating 
complement via the classical pathway, neutralizing viruses and toxins, 
and participating in the formation of immune complexes.128

Ig molecules are composed of two identical heavy and two identical 
light chains, as diagrammed in Fig. 2.8.186,430 The carboxyl terminus of 
the immunoglobulin molecule is the heavy chain constant, or Fc, region. 
The amino acid sequence of this region determines the immunoglobulin 
isotype. The heavy chain is encoded by V, (D), J, and constant (C) 
regions on chromosome 14.63,571 Each immunoglobulin molecule has 
a pair of either κ or λ light chains, defined by distinct constant regions. 
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FIG. 2.8 Structure of an immunoglobulin molecule. The schematic 
structure of immunoglobulin G (IgG) is shown, depicting the variable (V) 
and constant (C) regions of both the heavy (H) and light (L) chains, the 
disulfide bonds that link the two heavy chains at the hinge region and 
the CL region with CH1, and the antigen-binding sites formed by the 
complementarity-determining regions of VH and VL. 
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that is secreted by plasma cells and a secretory component produced 
by mucosal epithelial cells.303,314 The secretory component permits delivery 
of IgA to mucosal surfaces.406 There are two subclasses, IgA1 and  
IgA2, that differ in the composition of their heavy chains. Most  
IgA in the circulation is IgA1, whereas most IgA in secretions is IgA2. 
IgA1 may be cleaved at mucosal sites by bacterial proteases.313 IgA 
neutralizes viruses at mucosal sites, may block bacterial adhesion, and 
can act directly as an opsonin to promote phagocytosis and via Fcα 
receptors.278,303

The IgE molecule has a molecular weight of 200,000 and a half-life 
of only 2.3 days.287 Most IgE is produced by plasma cells in lymphoid 
tissue near gastrointestinal and respiratory mucosal surfaces and released 
into the circulation.286,534 IgE acts via Fcε receptors to trigger activation 
and degranulation of mast cells and basophils, leading to immediate 
hypersensitivity reactions.534 Persons with intestinal metazoan parasites 
often have elevated serum levels of IgE, and IgE may have a role in 
protecting against parasitic disease by stimulating mediator release from 
mast cells that can recruit eosinophils and cause intestinal smooth muscle 
contraction and expulsion of parasites.534

IgD has a molecular weight of approximately 180,000 and a half-life 
of 3 days.287 It is expressed along with IgM on surfaces of naïve B cells 
but is present in normal adult serum and secretions in very low concentra-
tions. Some antigenic specificity for IgD has been demonstrated, and 
although its function in host defense is unclear, it may serve as a secondary 
antigen receptor on B cells, where it may regulate the development of 
B-cell antibody responses.76

CLINICAL CONDITIONS ASSOCIATED WITH 
DEFICIENT HOST RESPONSES TO INFECTION

Immature Host Responses of the Newborn Infant
It is well recognized that newborn infants are much more susceptible 
to serious infections from many types of organisms than are older 
children and adults. This predisposition to infection is even more 
profound in infants born prematurely. The basis for this special vulner-
ability of the neonate is complex and encompasses all arms of the 
immune system.332,342,583

Cell-Mediated Immunity
Antigen presentation per se, via the mechanisms discussed earlier, appears 
to be relatively intact in the newborn infant. Expression of class I and II 
MHC molecules has been documented in a broad range of fetal tissues 
by 12 weeks’ gestation,271,419 and levels of expression are sufficient to 
mediate normal MHC class II–restricted antigen presentation by neonatal 
monocytes to maternal or paternal CD4+ T cells, as well as to induce 
vigorous rejection of allogeneic fetal tissue by CD8+ cytotoxic T cells.258,270

By about 20 weeks’ gestation, the fetal repertoire of diversity of 
T-cell receptors has developed fully.561 At the time of birth, although 
most basic functions of cell-mediated immunity are present, a high 
proportion of immature T cells are in the peripheral circulation, which 
can be identified by their coexpression of CD4 and CD8.342 This phe-
notype typifies type II thymocytes, which usually are not found in the 
periphery in older persons.

Neonatal T cells appear to be relatively deficient in most of their 
major functions, including CD8+ T cell–mediated cytotoxicity, delayed 
hypersensitivity, T-cell help for B-cell differentiation, and diminished 
cytokine production. Lack of prior antigenic exposure largely explains 
these defects because memory T cells are much more efficient in all of 
these functions.256,342

B Cells and Antibody
B cells. Pre-B cells are found in the fetal liver and omentum by 8 

weeks’ gestation and in the fetal bone marrow by 13 weeks’ gesta-
tion.228,342,516 Pre-B cells with surface IgM have been detected as early 
as 10 weeks’ gestation. After 30 weeks’ gestation and delivery, pre-B 
cells are seen only in the bone marrow. Mature B cells are present in 
the circulation by the eleventh week and have reached adult levels in 
the bone marrow, blood, and spleen by the twenty-second week of 
gestation.161,228,516

Fetal B cells express only IgM, whereas most adult B cells express 
both IgM and IgD. Neonatal B cells may express three immunoglobulin 
isotypes (e.g., different combinations of IgG, IgA, IgM, and IgD) on 
their surfaces.228,250

Although germinal centers are not present in lymphoid tissue at 
birth, they begin to develop in the first few months of life concomitant 
with the infant’s exposure to antigens.544 Despite conflicting in vitro 
data, neonatal T-cell help for B cells probably is comparable to that of 
adult T cells, as is reflected by the excellent T-dependent antibody 
response of the newborn to immunization with protein antigens.165  
In contrast to B cells of older individuals, B cells of neonates and  
young infants cannot respond to pure polysaccharide antigens.  
The recruitment of T-cell help to enhance this immature response to 
polysaccharides has been achieved with the advent of protein-
polysaccharide conjugate vaccines. Such vaccines elicit help from  
T cells specific for peptides derived from the protein component as 
presented by polysaccharide-specific B cells that have internalized  
the protein-polysaccharide complex, allowing peptide-specific T cells 
to activate polysaccharide-specific B cells.75

Antibody. Maternal IgG accounts for the great majority of the 
newborn’s circulating immunoglobulin because almost none is made 
by the healthy fetus and IgG is the only isotype of maternal immuno-
globulin that crosses the placenta.311,362 Maternal transport of IgG can 
be detected as early as 8 weeks’ gestation, and the newborn’s IgG level 
is directly proportional to gestational age, reaching 100 mg/dL by 17 
to 20 weeks’ gestation and 50% of the maternal level by 30 weeks’ gestation 
(Fig. 2.9).47,90,111 Maternal IgG is transported both passively and actively 
via trophoblast Fc receptors. Trophoblast Fc receptors have higher affinity 
for IgG1 and IgG3 than for IgG2 and IgG4, and thus more of those 
subclasses are transported from the mother.336

The concept of passive transfer of protective IgG is the basis for 
development of vaccines for maternal immunization before or during 
pregnancy so that passive transfer of vaccine-induced antibody will 
result in protection during the neonatal period. Examples of organisms 
for which such strategies have been investigated include group B 
streptococcus, H. influenzae type b, meningococcus, pneumococcus, 
rotavirus, and respiratory syncytial virus.46,194,282

By about 2 months of chronologic age, approximately half of the 
term infant’s quantitative IgG is of maternal and half is of infant origin. 
The physiologic nadir of IgG in all infants is about 3 to 4 months of 
age and ranges from less than 100 mg/dL in preterm infants with very-
low-birth weight to about 400 mg/dL in term infants (see Fig. 2.9).47,593 
Maternal IgG usually has waned completely by about 12 months of 
age, at which time infant levels are approximately 60% of adult levels. 
Production of IgG1 and IgG3 matures more rapidly than that of IgG2 
and IgG4, reaching adult levels by approximately 8 years of age, versus 
10 and 12 years of age, respectively.416

Little IgM, IgA, IgE, or IgD normally is produced by the fetus, and 
none is transported from the mother.311,362 The presence of total IgM 
levels greater than 20 mg/dL at birth suggests an intrauterine infection, 
and documentation at birth of specific serum IgM or IgA against relevant 
organisms, such as T. gondii and others, would be diagnostic.192,398,418 
Serum IgA levels at birth in both preterm and term infants usually are 
less than 5 mg/dL and consist of both IgA1 and IgA2. Secretory IgA is 
not detectable until after birth but usually is present within the first 
few weeks of life. IgM and IgA reach approximately 60% and 20% of 
adult levels by 1 year of age, respectively (see Fig. 2.9). Secretory IgA 
reaches adult levels by 6 to 8 years of age.342

It has been documented that the fetus can respond to antigenic 
stimulation in the form of maternal immunization with tetanus toxoid 
vaccine and be primed for a secondary antibody response to repeat 
immunization after birth.233,234 The amount of fetal antibody produced 
in response to intrauterine antigenic stimulation is proportional to 
gestational age.162,528

Maternal antibody inhibits the infants’ ability to respond to live-virus 
vaccines against certain organisms, such as measles, but it does not 
prevent them from mounting protective immune responses to most 
childhood vaccine antigens, such as tetanus, diphtheria, polio, hepatitis 
B, and protein-conjugated polysaccharide vaccines.12 In general, neonates 
have protective responses to T-dependent antigens even though they 
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total C3 levels in neonates were decreased but also that C3 thioester 
reactivity was decreased and that it correlated with gestational age.

Phagocytes
The newborn infant exhibits both quantitative and qualitative deficits 
in phagocytic defenses. Although the number of circulating PMNs 
usually does not differ greatly from that in older children and adults, 
under conditions of stress, including systemic infection, the availability 
of marrow reserves of PMNs is impaired markedly.125 Whereas the ratio 
of marrow neutrophil reserves to circulating cells in older persons is 
nearly 15 : 1, in the newborn infant this ratio is more often between 
2 : 1 and 3 : 1.125 Thus, neutropenia is more likely during severe systemic 
infections in the newborn than in older children and adults.125 Distinct 
from this quantitative deficiency in marrow reserves of PMNs, functional 
impairments of PMNs also are important in understanding neonatal 
phagocytic defenses.

The most important and best-documented functional impairments 
of neonatal PMNs are related to defective adhesion and migra-
tion.3,4,23–25,27,317,367,375,376 Specific structural, functional, and biochemical 
abnormalities have been documented, any or all of which may contribute 
to the overall impairment in adhesion and migration of these cells.267 
Impaired adhesion of neonatal PMNs to endothelial cells and other 
biologic substrates has been linked with deficiencies in the expression 
or function of the β2 integrins Mac-1 (CD11b/CD18) and LFA-1 (CD11a/
CD18).3,26,95,295,367 Perhaps the best documented of these is the diminished 
level of surface expression of Mac-1 on activated neonatal PMNs, 
although expression on resting PMNs is similar to that of adults.95,295 
The total cell content of Mac-1 in PMN at the time of birth is related 
directly to gestational age, and cell lysates of PMNs from very early 
premature infants (less than 30 weeks’ gestation) have been found to 
contain less than 20% of the Mac-1 content of an equal number of 
adult PMNs, increasing to about 60% by term.367 The PMN content of 
LFA-1, which is normal at term, appears to be reduced in infants born 
before 35 weeks’ gestation.367 In addition to reduced integrin expression, 
reduced adhesive function of the β2 integrin molecules themselves at 
the surface of activated PMN has been documented.26 Several other 

may produce less antibody to some antigens than do older infants and 
adults.11,155,165,209,506,512

The newborn infant’s response to T-independent antigens, such as 
polysaccharides, is poor.237 The antibody response to most such antigens, 
including the polysaccharide capsules of group B streptococci, pneu-
mococci, and H. influenzae type b, is not mature until 18 to 24 months 
of age.510 In contrast, in the first few weeks of life, infants mount excellent 
antibody responses to T-independent polysaccharide antigens that have 
been rendered T-dependent by covalent conjugation of the polysaccharide 
to a protein carrier, as noted earlier.75

The response of premature infants to most routine childhood vaccines 
by 2 months of age, including diphtheria, tetanus, pertussis, and oral 
and inactivated polio, is comparable to that of 2-month-old term 
infants.7,65,116,512 However, premature infants may not respond as well 
to hepatitis B vaccine for reasons that are unclear.137,330

Complement
Complement proteins do not cross the placenta, but there is evidence 
for fetal synthesis of complement beginning as early as 5.5 weeks’ gesta-
tion, and most complement proteins are present by 10 weeks’ gesta-
tion.135,311 Levels of complement activity and of individual complement 
components vary significantly among infants, but, in general, classical 
pathway hemolytic activity of term neonates ranges from 60% to 90% 
of normal adult values.187,594 Alternative pathway hemolytic activity is 
decreased to approximately 50% to 70% of normal adult values at 
term.5,184,409,502 Complement activity usually is lower in premature than 
term infants.409,502

Hemolytic activity of both the classical and alternative pathways 
rises rapidly and reaches adult levels by 3 to 6 months of age and by 
approximately 6 to 18 months of age, respectively. In addition to 
hemolytic activity, complement-mediated opsonic and bactericidal 
activity is decreased in newborn sera and generally correlates with C3 
and factor B levels.187 Studies of opsonic and bactericidal activity of 
newborn sera have been reviewed in detail elsewhere.187,289 Levels of 
individual complement proteins do not always correlate with their 
functional activity.229,277 Zach and Hostetter594 reported not only that 
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The only typical abnormality on physical examination in XLA that 
is not related directly to infections is the absence or a paucity of normal 
B-cell–containing lymphoid tissues, such as tonsils, adenoids, and 
peripheral lymph nodes.

The diagnosis of XLA can be confirmed by studying lymphocyte 
markers and demonstrating a lack of circulating cells that stain for 
surface immunoglobulin or with B-cell–specific monoclonal antibodies 
against CD19, CD20, or both. The number and function of T lymphocytes 
are normal in XLA. It may be difficult to establish the diagnosis based 
on immunoglobulin levels in the newborn period because of the presence 
of maternally derived IgG. However, if suspected, the diagnosis can be 
made in the newborn period by documenting a paucity of circulating 
B cells by flow cytometry.

Although individuals with XLA ordinarily are thought of as having 
a “pure” B-cell disorder, recent evidence reveals that the absence of B 
cells in XLA is associated with a contracted T-cell receptor repertoire 
and that mice that lack B cells are unable to prime CD4+ T cells for 
their effector function in clearing Pneumocystis infection, findings that 
are consistent with the important role of B cells in presenting antigen 
to CD4+ T cells.420,451

In contrast to carriers of some other X-linked diseases examined 
later (see discussion of chronic granulomatous disease), circulating B 
lymphocytes of XLA carriers express only one population of B cells, 
those with the normal allele on the X chromosome, presumably because 
B cells with the mutant allele are at a selective disadvantage and do not 
develop. Advances in genetic techniques have enabled detection of 
maternal carriers of XLA.139 Prenatal diagnosis can be made by genetic 
studies of amniotic fluid cells or quantitation of fetal circulating  
B cells.139

The prognosis for patients with XLA has improved markedly with 
earlier diagnosis, high-dose intravenous immunoglobulin (IVIG) therapy, 
and aggressive use of antibiotics. Before the availability of IVIG, most 
patients who survived to the third decade of life had chronic lung 
disease from recurrent pulmonary infections and hearing loss from 
recurrent otitis media.335

IgG subclass deficiency. Persons with IgG subclass deficiencies have 
levels of one or more IgG subclass that are more than two standard 
deviations below normal for age, normal to slightly decreased total IgG, 
normal levels of other immunoglobulin isotypes, and, often, a poor 
antibody response to certain antigens.*

 Patients with IgG subclass deficiency who also have IgM and IgA 
deficiency may have another immunodeficiency disorder such as common 
variable immunodeficiency (CVID).

The most common kinds of infections in patients with any clinically 
significant IgG subclass deficiency include otitis media, sinusitis, and 
pneumonia. Ordinarily, these patients do not have life-threatening 
systemic infections.

Deficiency of IgG1 is likely to be associated with subnormal levels 
of total IgG because this subclass accounts for about 60% of total IgG, 
and it often is associated with other subclass deficiencies.16,17,492,498–500

IgG2 deficiency usually is associated with normal total serum IgG 
levels and is more likely to be clinically significant if accompanied by 
IgG4 or IgA deficiency. Patients with IgG2 deficiency typically have 
poor antibody responses to polysaccharide antigens but normal responses 
to protein antigens. Like most patients with deficiencies of humoral 
immunity, their infections primarily are due to encapsulated bacteria 
and are localized to the respiratory tract.498,500

IgG3 deficiency has been associated with low total levels of serum 
IgG and recurrent respiratory infections, which also may lead to chronic 
pulmonary disease.415

IgG4 deficiency is difficult to diagnose because many normal persons 
have low serum levels of IgG4, and most normal infants have no detect-
able IgG4.416 IgG4 deficiency appears to be of clinical significance, 
however, if it is associated with IgG2 and IgA deficiency.

The treatment for children with IgG subclass deficiency typically is 
individualized according to the frequency and severity of symptoms. 
Noninvasive infections usually can be treated successfully with appropriate 
antibiotics. Patients with more severe presentations may benefit from 

defects of neonatal relative to adult PMNs that might influence che-
motaxis have been documented. These include defective redistribution 
of surface adhesion sites,24 impaired uropod formation during stimulated 
shape change,25 reduced cell deformability,293 impaired microtubule 
assembly,25 deficient F-actin polymerization,252,479 reduced lactoferrin 
content and release,23 reduced ability to effect membrane depolarization 
and intracellular calcium ion flux,478 and impaired uptake of glucose 
during stimulation by chemoattractants.4

Evidence suggests that the number and binding efficiencies of neonatal 
PMN receptors for chemoattractants are normal.24,478,532 In some studies 
in which assay conditions are designed to expose a potential defect 
(e.g., limiting concentrations of opsonins and high bacterial inocula), 
defects in phagocytosis and killing have been demonstrated.376,377

Primary and Heritable Immunologic Deficiencies
The infant or toddler who experiences even six to eight presumed viral 
upper respiratory tract infections during the course of a winter season, 
without other complications, ordinarily would not be considered likely 
to have an immunodeficiency. In contrast, a child who had experienced 
several episodes of acute otitis media in the previous 4 months, perhaps 
some accompanied by sinusitis or pneumonia, has displayed reasonable 
cause to suspect a humoral immunodeficiency.140 For certain organisms, 
infection in the healthy host is so decidedly uncommon that even a 
single episode should prompt a high suspicion of impaired host defenses. 
Pneumocystis jiroveci pneumonia strongly suggests a severe defect of 
T-cell number or function.140 Similarly, lymphadenitis or osteomyelitis 
caused by gram-negative enteric bacilli suggests a defect of phagocytic 
killing, such as chronic granulomatous disease.291,448

The International Union of Immunological Societies, through an 
expert committee on primary immunodeficiency diseases, periodically 
publishes an updated classification of all known primary immunode-
ficiency disorders based on phenotypic features.85 The following discus-
sion of specific immunologic defects, their genetic basis (if known), 
and their infectious consequences focuses on well-characterized prototypic 
disorders within most major classes of defects but also will address 
other related disorders.

Antibody Deficiencies
Humoral immunity is provided by specific antibody and plays an 
important role in host defense against most pathogens, as is illustrated 
by the finding that patients with significant antibody deficiencies develop 
recurrent and sometimes life-threatening infections.139,147 They charac-
teristically are prone to recurrent otitis media, sinusitis, pneumonia, 
and, less often, sepsis and meningitis.

X-linked agammaglobulinemia. X-linked agammaglobulinemia (XLA), 
first described by Bruton, is a primary immunodeficiency disorder of 
the B-cell lineage and is the most serious disorder of humoral immu-
nity.98,335,468 It is characterized by absent or severely decreased numbers 
of circulating B lymphocytes and absent or extremely low levels of all 
classes of circulating immunoglobulins. It is caused by several different 
mutations in the gene encoding for a B-cell–specific tyrosine kinase, 
Btk, which maps to the long arm of the X chromosome at Xq22.554,564 
This abnormality in kinase activity results in an arrest in the development 
of B cells, usually at the pre-B stage, and thus few B cells or their progeny 
(e.g., plasma cells) are in the circulation or lymphoid tissues.239

Most persons with XLA develop chronic or recurrent pyogenic 
bacterial respiratory or gastrointestinal tract infections, and some may 
have recurrent skin infections.98,335 Sepsis and serious focal infections 
resulting from bacteremia do not occur as frequently but are more 
common and more severe than in normal hosts. The causative agents 
of most of these infections are Streptococcus pneumoniae, Haemophilus 
influenzae, and Moraxella catarrhalis, but Staphylococcus aureus and 
Pseudomonas aeruginosa, as well as other gram-negative organisms, 
may be implicated. The most troublesome gastrointestinal tract infections 
in XLA are caused by Salmonella, Campylobacter, and chronic infestation 
with G. lamblia. These patients have been found to have unusually 
severe or chronic enterovirus infections that can be manifested by chronic 
arthritis, meningoencephalitis, dermatomyositis, hepatitis, or a combina-
tion thereof, and several patients with XLA have developed vaccine-related 
paralytic poliomyelitis after receiving the live oral polio vaccine.335 *References 260–262, 386, 416, 425, 426, 491, 492, 497–501.
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immunodeficiency or similar patients with mild immunologic impair-
ment.273 Some sources designate this disorder as an “anomaly” or 
“sequence” rather than a syndrome because of confusion about its 
relationship to 22q11 deletion syndrome (del22q11) or the more recently 
defined microdeletion, del22p11.2, a deletion also associated with 
velocardiofacial syndrome.97 Robin and Shprintzen459 hold that the 
findings in DiGeorge sequence, although often associated with del22q11.2, 
are etiologically heterogeneous and have been associated with other 
chromosomal deletions such as del10p and del17p or del10q13. Moreover, 
some individuals with del22p11.2 exhibit abnormalities quite distinct 
from those of the DiGeorge sequence.243,244,273,326,437,459 One candidate 
gene, TBX1, encoding a T-box transcription factor and located in 
22q.11.2, has been a recent focus of research into the underlying genetic 
defect in DiGeorge syndrome. Although mice with mutations in TBX1 
exhibit some features consistent with DiGeorge syndrome, data remain 
insufficient to confirm the precise role of TBX1 in human patients with 
this disorder.249

Because of the serious nature of the cardiovascular defect, many 
patients with DiGeorge syndrome in earlier decades have not survived 
long enough for the immune defect to become a clinical problem.273 
However, with improvements in surgical treatment of the heart defects, 
more of these infants now survive long enough to display manifestations 
of the immunodeficiency that results in an increased frequency or severity 
of viral and fungal infections, as well as Pneumocystis pneumonia. In 
such patients, management often has included prophylaxis against 
Pneumocystis, avoidance of live virus vaccines, and, because antibody 
production is poor as a result of lack of T-cell help, periodic IVIG 
infusions.273 HLA-matched bone marrow transplantation has been 
successful in some cases.83,238,273 Earlier work with transplantation of 
fetal or postnatal thymic tissue provided some long-term success in 
correcting the immunologic defect.238,273 Recently, a highly promising 
large series of cases of transplantation with postnatal cultured thymic 
tissue in patients with complete DiGeorge syndrome yielded immune 
reconstitution with 73% survival at 2 years.361

Combined Defects of Cellular and Humoral Immunity
Severe combined immunodeficiency disease. Severe combined immu-

nodeficiency (SCID) describes a heterogeneous group of heritable 
immunodeficiencies that involve serious impairments of both cellular 
and humoral immunity, thus leading to recurrent severe infections by 
a wide range of viral, bacterial, and fungal organisms. SCID has multiple 
forms, which have been reviewed in greater detail elsewhere.102,103,123 At 
this writing, at least 10 genes have been identified with abnormalities 
known to result in SCID. X-linked SCID, the most common form, is 
due to a mutation in the common γ chain of the receptor for IL-2 and 
several other cytokines (γc).103,339 The other known forms of SCID are 
either known or presumed to be autosomal recessive. These include a 
deficiency of adenosine deaminase, a purine salvage pathway enzyme; 
a deficiency in Janus kinase 3 (Jak3), a cytokine receptor signaling 
molecule; and a defect in the α chain of the IL-7 receptor, IL-7Rα.103,297,555 
Mutation of one of at least six different genes whose products play a 
role in T-cell receptor or immunoglobulin gene recombination or T-cell 
receptor signaling, including RAG1, RAG2, Artemis, DNA ligase IV, 
CD3-δ, and CD3-ε, also results in SCID.103,123,191,210,297,356,457 Additionally, 
SCID is caused by a mutation in CD45, a phosphatase that regulates 
signaling thresholds in immune cells.297 Flow cytometry analysis of 
lymphocyte markers reveals very low to absent B- and T-cell numbers 
in patients with most forms of SCID.

Long-term management of patients with SCID involves modalities 
employed in both B- and T-cell disorders, including prophylaxis against 
P. jiroveci pneumonia, avoidance of live viral vaccines, and immuno-
globulin replacement therapy.103 Bone marrow transplantation from 
HLA-matched siblings has corrected the defect successfully in some 
cases and is considered the current treatment of choice.101 Adenosine 
deaminase deficiency is of historical interest in that it is the first heritable 
disorder for which gene therapy was attempted, although early success 
was limited.101 Approaches using retroviral-based gene therapy for 
X-linked SCID initially appeared to be successful. However, at least 
three patients developed lymphoproliferative disorders similar to 
lymphocytic leukemia, with malignant cells demonstrating insertion 

regular IVIG therapy, but those who also are completely IgA-deficient 
should be treated only with IgA-depleted IVIG preparations.

IgA deficiency. IgA deficiency is the most common immunodeficiency, 
occurring as frequently as 1/400. This disorder appears to occur sporadi-
cally, but familial cases have been described.22,147 Most of the functions 
of serum IgA can be performed by IgG and IgM.147,416 Thus, although 
deficiencies of secretory IgA may lead to recurrent respiratory or 
gastrointestinal tract infections, deficiency of serum IgA alone usually 
is not associated with increased susceptibility to systemic infections.22 
IgA deficiency has been associated with many other conditions, including 
recurrent infections, IgG2 deficiency, autoimmune disorders, and 
malignancy.21 Recurrent infections are most likely to occur in the subset 
of IgA-deficient patients who also have IgG2 deficiency.147,425 The infec-
tions usually are relatively mild and involve the upper respiratory and 
gastrointestinal tracts. Chronic gastrointestinal tract disease in these 
patients can be caused by G. lamblia infestations, nodular lymphoid 
hyperplasia, lactose intolerance, malabsorption, or inflammatory bowel 
disease. Other autoimmune diseases associated with IgA deficiency 
include rheumatoid arthritis, systemic lupus erythematosus, thyroiditis, 
myasthenia gravis, and vitiligo.147 About 20% of IgA-deficient patients 
have allergy, and many have elevated levels of IgE.147 Food allergy is 
common and may be the result of abnormal processing of antigen at 
mucosal surfaces.

Rare patients with serum IgA levels less than 5 mg/dL who receive 
transfusions may make antibody against donor IgA and have severe 
reactions when transfused again. IVIG reactions also may occur because 
IVIG preparations contain varying amounts of IgA. IgA-depleted 
preparations are available and usually are well tolerated.150

Transient hypogammaglobulinemia of infancy. The syndrome of transient 
hypogammaglobulinemia of infancy can be differentiated from the 
physiologic hypogammaglobulinemia in infants because immunoglobulin 
levels of normal infants begin to rise by about 6 months of age, whereas 
those of infants with transient hypogammaglobulinemia of infancy do 
not begin to increase until between 18 and 36 months of age.416 Infants 
suspected of having this syndrome should be evaluated for XLA and 
CVID (see later discussion) and followed closely until their immuno-
globulin levels normalize for age.

Antibody deficiency with normal or elevated levels of immunoglobu-
lins. Some persons with normal levels of all circulating immunoglobulin 
isotypes are at increased risk for infections similar to those seen in 
specific deficiencies of immunoglobulin levels described earlier.16,18,416 
As in other forms of humoral immunodeficiency, the most common 
infections in these patients are recurrent bacterial respiratory tract 
infections, although a few patients have developed pneumococcal sepsis.18 
Such persons can be identified by their inability to make antibody in 
response to stimulation with specific antigens. A good way to test for 
this disorder is to immunize with protein antigens, such as tetanus and 
diphtheria toxoids, and with polysaccharide antigens, such as pneumococ-
cal and H. influenzae type b capsular polysaccharide vaccines. Patients 
who can respond to protein but not to polysaccharide antigens usually 
will respond to protein-polysaccharide conjugates. Treatment with IVIG 
may help prevent recurrent infections in these patients, although their 
normal overall levels of immunoglobulin can pose difficulties in 
determining the appropriate doses of IVIG and intervals between 
infusions.

Defects of Cell-Mediated Immunity: DiGeorge Syndrome
The prototypic pure T-cell defect, DiGeorge syndrome, is characterized 
clinically by congenital heart disease (usually involving the aortic arch), 
hypocalcemic tetany, unusual facial features, and recurrent infections.173 
The classical, or complete, form of this disorder has absence or hypoplasia 
of the thymus and parathyroid glands, cardiac or aortic arch deformities, 
and a stereotypical constellation of abnormal facial features, most notably 
micrognathia and hypertelorism, all associated with malformation of 
the 4th and 5th branchial arches during embryogenesis.173,318,350,537 
Although the condition usually is considered to be associated  
with immunodeficiency because of the thymic hypoplasia, only about 
25% of patients actually exhibit an immunologic defect.55 The  
term partial DiGeorge syndrome sometimes has been used to describe 
patients with the typical constellation of anatomic findings but without 


	Feigin and Cherry's Textbook of Pediatric Infectious Diseases
	Copyright Page
	Dedication
	Ralph D. Feigin, MD April 3, 1938–August 14, 2008
	Editors photos page
	Contributors
	Preface
	1 Molecular Determinants of Microbial Pathogenesis
	Colonization
	Pilus Adhesins
	Nonpilus Adhesins
	Other Mechanisms of Adherence

	Tissue Tropism
	Biofilms
	Cell Entry and Intracellular Life
	Invasion
	Intracellular Survival
	Viral Cell Entry
	Cell-to-Cell Spread

	Damage to the Host
	Bordetella pertussis Toxins
	Hemolytic-Uremic Syndrome and Shiga Toxins
	Tissue-Degrading Toxins

	Evasion of Immunity
	Antiphagocytic Factors
	Evasion of Complement Activity
	Evasion of Humoral Immunity
	Encapsulation
	Viral Immune Suppression and Latency

	Conclusion
	New References Since the Seventh Edition
	References

	2 Normal and Impaired Immunologic Responses to Infection
	Host-Pathogen Interactions
	General Features of Host-Pathogen Interactions
	Main Features of Host Responses to Specific Classes of Infectious Agents
	Viruses
	Bacteria
	Fungi
	Parasites


	Features of Normal Immune Function
	Innate Immune Responses
	Epithelia, Defensins, and Other Antimicrobial Peptides
	Toll-Like Receptors
	Cytokines
	Chemokines
	Natural Killer Cells
	Complement System
	Complement activation.
	Classical pathway.
	Alternative pathway.
	Mannan-binding lectin pathway.

	Effector functions of complement in host defense.
	Opsonic activity.
	Inflammation.
	Microbicidal activity.
	Immune regulation.


	Phagocytes
	Phagocyte recruitment to infected sites.
	Phagocytosis.
	Phagocyte microbicidal mechanisms.

	Important Interactions Among Innate Immune Mechanisms

	Adaptive Immune Responses
	Antigen Presentation and Specific Cell-Mediated Immunity
	Class I major histocompatibility complex.
	Class II major histocompatibility complex.
	CD1 family of antigen-presenting molecules.
	Plasmacytoid dendritic cells.

	T Lymphocytes
	Regulatory T cells.
	T-cell memory.
	T-cell activation by superantigens.

	B Lymphocytes and Immunoglobulins
	B lymphocytes.
	Immunoglobulin.
	Immunoglobulin isotypes.



	Clinical Conditions Associated With Deficient Host Responses to Infection
	Immature Host Responses of the Newborn Infant
	Cell-Mediated Immunity
	B Cells and Antibody
	B cells.
	Antibody.

	Complement
	Phagocytes

	Primary and Heritable Immunologic Deficiencies
	Antibody Deficiencies
	X-linked agammaglobulinemia.
	IgG subclass deficiency.
	IgA deficiency.
	Transient hypogammaglobulinemia of infancy.
	Antibody deficiency with normal or elevated levels of immunoglobulins.

	Defects of Cell-Mediated Immunity: DiGeorge Syndrome
	Combined Defects of Cellular and Humoral Immunity
	Severe combined immunodeficiency disease.
	Common variable immunodeficiency.
	Hyper–immunoglobulin M syndrome.
	Wiskott-Aldrich syndrome.
	Ataxia-telangiectasia.

	Defects of the Interferon-Gamma (IFN-γ) and Interleukin-12 (IL-12) Pathways
	Complement Deficiencies
	Disorders of Phagocyte Function
	General features of phagocyte disorders.
	Intrinsic disorders of cell migration
	Type 1 leukocyte adhesion deficiency.
	Type 2 leukocyte adhesion deficiency.
	Type 3 leukocyte adhesion deficiency (integrin activation defect).
	Specific granule deficiency.
	Chédiak-Higashi syndrome.
	Neutrophil actin dysfunction.
	Glycogen storage disease type 1B.

	Extrinsic or secondary defects of polymorphonuclear leukocyte migration
	Defective neutrophil chemotaxis associated with serum inhibitors of cell function.
	Hyper-immunoglobulin E syndrome.
	Other secondary or poorly defined disorders of polymorphonuclear leukocyte migration.

	Defects in phagocyte microbicidal activity.
	Chronic granulomatous disease.
	Deficiencies of glucose-6-phosphate dehydrogenase, glutathione peroxidase, and glutathione synthetase.
	Myeloperoxidase deficiency.



	Important Examples of Secondary Immunodeficiency (Excluding Human Immunodeficiency Virus Infection)
	Asplenia
	Sickle-Cell Disease
	Cystic Fibrosis
	Ciliary Dyskinesia


	Evaluation for Immunodeficiency in the Child With Recurrent or Severe Infections
	History
	Physical Examination
	Laboratory Studies
	Prevention of Infection
	Prospects for Correction of Serious Primary Immunodeficiencies

	New References Since the Seventh Edition
	References

	3 Host Response to Infections
	Introduction
	Host Responses for Improving the Diagnosis of Infectious Diseases
	Genomics
	Basics of the Genomics Approach
	Genomics in Infectious Diseases

	Epigenetics
	Basics of the Epigenetics Approach
	Epigenetics in Infectious Diseases
	In Vitro Studies
	In Vivo Studies


	Transcriptomics
	Basics of the Transcriptomics Approach
	Microarray Analyses
	RNA Seq

	Use of Transcriptomics in Infectious Diseases
	In Vitro Studies
	In Vivo Human Studies

	Areas for Improved Diagnosis in Pediatrics
	Lower Respiratory Tract Infections (LRTI)/Pneumonia
	Febrile Infant Without a Source
	Differentiating Infection Versus Colonization


	Proteomics
	Basics of the Proteomics Approach
	Protein Separation Strategies
	Nonprotein Separation Strategies

	Proteomics in Infectious Diseases
	In Vitro Studies
	Human Studies

	C-Reactive Protein
	Procalcitonin

	Metabolomics
	Basics of the Metabolomic Approach
	Metabolomics in Infectious Diseases
	In Vitro and Animal Model Studies
	Human Studies


	Future Perspectives
	New References Since the Seventh Edition
	References

	4 Fever: Pathogenesis and Treatment
	Normal Body Temperature
	Thermoregulation
	Pathogenesis of Fever
	Effects of Fever
	Adverse Effects
	Beneficial Effects

	Clinical Thermometry
	Types of Thermometers
	Measurement Site

	Treatment
	Indications
	Antipyretics
	External Cooling

	Summary
	New References Since the Seventh Edition
	References

	5 The Human Microbiome
	Introduction
	Development in Early Life Through Childhood
	Impact of Environmental Factors: Diet and Medications
	Body Metabolism and Immunity
	Microbiome at Different Body Sites
	Airway and Respiratory Tract Microbiome
	Gastrointestinal Microbiome
	Skin and Vaginal Microbiomes

	Summary
	New References Since the Seventh Edition
	References

	6 Epidemiology and Biostatistics of Infectious Diseases
	Epidemiologic Studies
	Design of Studies
	Overview and Definitions
	Elements of an Analytic Study

	Types of Studies
	Experimental Studies
	Observational Studies
	Cohort studies.
	Case-control studies.
	Cross-sectional studies.


	Analysis of Epidemiologic Studies
	Cohort Studies
	Case-Control and Cross-Sectional Studies

	Summary Statistics
	Continuous Variables
	Categorical Variables

	Bias

	Causes of Disease
	Historical Perspectives
	General Concepts
	Factors Related to the Infectious Agent
	Intrinsic Properties
	Epidemiologic Properties Relating to the Host
	Infectivity.
	Pathogenicity.
	Virulence.
	Immunogenicity.

	Factors Related to Relationship Between Infectious Agent and Host
	Reservoirs of infectious agents.
	Mechanisms of transmission.


	Factors Related to the Host
	Biologic Factors
	Age
	Sex, Race, and Ethnicity
	General Health Status
	Immunity and Immune Response

	Human Behavior
	Factors Related to the Environment
	Geographic and Geologic Factors
	Climate
	Socioeconomic Conditions

	Occurrence of Disease in Populations
	Infection and Disease in the Individual
	Infection and Disease in Populations
	Sources of information.
	Relating infection and disease to personal characteristics.
	Relative usefulness and importance of characteristics.
	Age patterns.
	Age adjustment of rates.
	Sex patterns.
	Ethnic or racial patterns.
	Disease patterns in kinships.
	Family episodes of infection and disease.
	Socioeconomic patterns.

	Relating Infection and Disease to Place
	Global variation.
	Local patterns of infection and disease.

	Temporal Patterns of Infection and Disease
	Definitions.
	Time clusters.
	Short-term patterns
	Epidemics.
	Seasonal and cyclic variations.

	Long-term trends.
	Emerging infections.



	Biostatistics
	Statistical Significance
	Hypothesis Testing
	Type I Error, Type II Error, and Statistical Power
	Multiple Comparisons
	Tests of Statistical Significance
	Continuous Variables
	Categorical Values
	Confidence Intervals
	Adjustment for Potential Confounding Variables
	Meta-Analysis

	Diagnostic Tests
	What Is Normal?
	Accuracy of a Diagnostic Test
	Predictive Value of a Diagnostic Test

	Assessment of the Protective Efficacy of a Vaccine (or of Any Intervention)
	Clinical Trials
	Observational Cohort Studies
	Case-Control Studies

	Quality Improvement
	New References Since the Seventh Edition
	References

	1 ■ Upper Respiratory Tract Infections
	7 The Common Cold
	History
	Etiologic Agents
	Epidemiology
	Pathophysiology
	Clinical Presentation
	Differential Diagnosis
	Specific Diagnosis
	Treatment
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References


	8 Infections of the Oral Cavity
	Microbiologic Considerations in Dental Infections
	Normal Flora
	Pathogenic Organisms

	Anatomic Considerations
	Treatment of Odontogenic Infections
	General Therapeutic Principles
	Nursing Bottle Caries
	Periapical Abscess
	Periodontal Infections
	Pericoronitis
	Oral Manifestations of Human Immunodeficiency Virus Infection in Children

	Oral Care of Children With Cancer
	Complications of Odontogenic Infections
	Fascial Space Infections
	Necrotizing Fasciitis
	Odontogenic Sinusitis
	Buccal and Periorbital Cellulitis
	Orbital and Intracranial Complications

	Osteomyelitis of the Jaws in Children
	Predisposing Factors
	Microbiology
	Clinical Findings
	Suppurative Osteomyelitis
	Infantile Osteomyelitis
	Garré Sclerosing Osteomyelitis

	Herpes Simplex Virus Infections
	Intraoral and Perioral Piercings
	New References Since the Seventh Edition
	References

	9 Pharyngitis (Pharyngitis, Tonsillitis, Tonsillopharyngitis, and Nasopharyngitis)
	History
	Nasopharyngitis
	Etiologic Agents
	Epidemiology
	Pathophysiology
	Clinical Presentation

	Pharyngitis, Tonsillitis, and Tonsillopharyngitis
	Etiologic Agents
	Epidemiology
	Pathophysiology
	Clinical Presentation
	General


	Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Adenitis
	Differential Diagnosis
	Specific Diagnosis
	Treatment
	Complications
	Prognosis
	Prevention

	New References Since the Seventh Edition
	References

	10 Uvulitis
	Etiology
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Diagnosis
	Differential Diagnosis
	Treatment
	New References Since the Seventh Edition
	References

	11 Peritonsillar, Retropharyngeal, and Parapharyngeal Abscesses
	Keywords
	Epidemiology of Head and Neck Space Infections in Children
	Peritonsillar Abscess (Quinsy)
	Clinical Manifestations
	Treatment

	Retropharyngeal Abscess (Posterior Visceral Space, Retrovisceral Space, and Retroesophageal Space Abscesses)
	Clinical Manifestations
	Treatment

	Parapharyngeal Abscess (Pterygomaxillary, Pharyngomaxillary, Lateral, and Pharyngeal Space Abscesses)
	Clinical Manifestations
	Treatment

	Microbiology of Deep Neck Abscesses
	New References Since the Seventh Edition
	References

	12 Cervical Lymphadenitis
	Epidemiology
	Pathophysiology
	Clinical Presentation
	Differential Diagnosis
	Specific Diagnosis
	Treatment
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	13 Parotitis
	Pathophysiology
	Etiology
	Clinical Presentation and Diagnosis
	Human Immunodeficiency Virus and Parotid Enlargement
	Differential Diagnosis
	Treatment
	Complications
	Prevention
	New Reference Since the Seventh Edition
	References

	14 Rhinosinusitis
	Keywords:
	History
	Anatomy
	Pathophysiology
	Etiology
	Epidemiology
	Clinical Presentation
	Complications
	Differential Diagnosis
	Specific Diagnosis
	Treatment
	Acute and Subacute Sinusitis
	Chronic and Recurrent Sinusitis

	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	15 Otitis Externa
	Epidemiology
	Normal Anatomy
	Protective Mechanisms of the External Ear
	Normal Bacterial Flora
	Acute Otitis Externa
	History and Physical Examination
	Pathogens in Acute Otitis Externa
	Management of Acute Otitis Externa

	Chronic Otitis Externa
	Otomycosis
	Necrotizing Otitis Externa
	Differential Diagnosis
	Prevention
	Conclusion
	New References Since the Seventh Edition
	References

	16 Otitis Media
	Incidence and Epidemiology of Acute Otitis Media
	Risk Factors
	Microbiology of Acute Otitis Media in the Pneumococcal Conjugate Vaccine Era
	Etiology in Neonates

	Pathophysiology
	Tympanic Membrane
	Eustachian Tube

	Pathogenesis
	Diagnosis
	Symptoms and Clinical Manifestations of AOM
	Diagnostic Signs of Acute Otitis Media

	Examination of the Ear
	Otoscopy
	Tympanometry
	Acoustic Reflectometry
	Audiometric Testing
	Tympanocentesis and Myringotomy
	Radiography

	Management of Acute Otitis Media
	Tympanocentesis as Treatment
	Watchful Waiting
	Pain Management
	Duration of Treatment
	Treatment in the Penicillin-Allergic Child
	Management of Otitis Media With Effusion
	Biofilms
	Recurrent Acute Otitis Media

	Immunology
	Prevention
	Advising Parents
	Vaccinations to Prevent Acute Otitis Media
	Pneumococcal Vaccines
	Influenza Virus Vaccines
	Respiratory Syncytial Virus Vaccine


	Complications and Sequelae
	Hearing Loss
	Mastoiditis
	Petrositis
	Labyrinthitis
	Meningitis
	Facial Paralysis
	Other Suppurative Complications
	Vestibular Dysfunction
	Effects of Otitis Media on Development of the Child
	Perforation of the Tympanic Membrane and Chronic Suppurative Otitis Media
	Cholesteatoma
	Adhesive Otitis Media
	Tympanosclerosis and Tympanic Atrophy

	Surgical Options
	Myringotomy and Tympanocentesis
	Myringotomy, Tympanostomy Tubes, and Adenoidectomy
	Importance of Official Guidelines for Management of Middle Ear Disease
	Randomized Controlled Trials
	Otitis Media With Effusion
	Guidelines: Myringotomy, M&T, and Adenoidectomy for Chronic Otitis Media With Effusion
	Recurrent Acute Otitis Media
	Guidelines: Myringotomy and Tympanostomy Tube Placement for Recurrent Acute Otitis Media
	Tympanostomy Tube Placement and Physiologic Functions of the Eustachian Tube

	Other Indications for Placement of Tympanostomy Tubes
	When Should Tympanostomy Tubes Be Removed?
	Complications and Sequelae
	Other Surgical Procedures

	New References Since the Seventh Edition
	References

	17 Mastoiditis
	Keywords:
	History
	Anatomy and Pathophysiology
	Microbiology
	Clinical Presentation
	Complications
	Differential Diagnosis
	Specific Diagnosis
	Treatment
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	18 Croup (Laryngitis, Laryngotracheitis, Spasmodic Croup, Laryngotracheobronchitis, Bacterial Tracheitis and Laryngotracheobronchopneumonitis) and Epiglottitis (Supraglottitis)
	Keywords:
	Historical Aspects
	Terminology
	Etiology of Croup Syndromes
	Etiology of Supraglottitis
	Epidemiology of Croup
	Epidemiology of Supraglottitis
	Pathology and Pathogenesis of Croup
	Anatomy and Pathophysiology of Supraglottitis
	Clinical Presentation
	Acute Laryngitis
	Acute Laryngotracheitis
	Acute Laryngotracheobronchitis and Laryngotracheobronchopneumonitis (Bacterial Tracheitis)
	Spasmodic Croup
	Supraglottitis

	Differential Diagnosis
	Specific Diagnosis in Croup Syndromes
	Specific Diagnosis in Supraglottitis
	Treatment of Croup
	Acute Laryngotracheitis and Spasmodic Croup
	Laryngotracheobronchitis and Laryngotracheobronchopneumonitis (Bacterial Tracheitis)
	Laryngitis

	Treatment of Supraglottitis
	Securing the Airway
	Antibiotics
	Other Supportive Measures

	Prognosis
	Prevention of Croup
	Prevention of Epiglottitis Caused by Haemophilus influenzae Type B

	New References Since the Seventh Edition
	References

	2 ■ Lower Respiratory Tract Infections
	19 Acute Bronchitis
	Keywords:
	Etiology
	Epidemiology
	Pathophysiology and Pathology
	Clinical Presentation
	Differential Diagnosis and Specific Diagnosis
	Treatment
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References


	20 Chronic Bronchitis
	Differential Diagnosis
	Asthma
	Acute Infections
	Cystic Fibrosis
	Ciliary Dyskinesia
	Primary Immunodeficiency
	Secondary Immunodeficiency (Including HIV Infection)
	Airway Blockage
	Noxious Agents

	Epidemiology and Etiology
	Treatment
	New References Since the Seventh Edition
	References

	21 Bronchiolitis and Infectious Asthma
	Definitions
	History
	Etiologic Agents
	Epidemiology
	Clinical Presentation
	Pathophysiology
	Differential Diagnosis
	Diagnosis
	Treatment
	Prevention
	Complications and Prognosis
	New References Since the Seventh Edition
	References

	22 Pediatric Community-Acquired Pneumonia
	Etiology
	Viral Pathogen
	Bacterial Pathogens

	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Diagnosis
	Outpatient Setting
	Inpatient Setting

	Management
	Prevention
	New References Since the Seventh Edition
	References

	23 Empyema and Lung Abscess
	Empyema
	Epidemiology
	Pathophysiology
	Microbiology
	Diagnosis
	Clinical Presentation
	Imaging
	Pleural Fluid Analysis
	Additional Diagnostic Studies

	Management
	Prognosis and Long-Term Outcome

	Lung Abscess
	Pathophysiology
	Microbiology
	Clinical Features
	Differential Diagnosis
	Diagnosis
	Treatment
	Prognosis
	Additional Complications

	New References Since the Seventh Edition
	References

	24 Children’s Interstitial Lung Disease and Hypersensitivity Pneumonitis
	Classification
	Postinfectious Bronchiolitis Obliterans
	Organizing Pneumonia
	Infections
	Hypersensitivity Pneumonitis
	Toxic Inhalation
	Eosinophilic Pneumonias
	Pulmonary Vasculitis Syndromes
	Collagen-Vascular Diseases
	Sarcoidosis
	Drug Hypersensitivity
	Nonspecific Lymphoproliferation

	Clinical Presentation
	Diagnostic Evaluation
	High-Resolution Computed Tomography
	Bronchoalveolar Lavage
	Lung Biopsy

	Treatment
	Outcome
	Hypersensitivity Pneumonitis
	Pathology and Pathogenesis
	Etiology
	Clinical Presentation
	Diagnosis
	Treatment and Outcome

	New References Since the Seventh Edition
	References

	25 Cystic Fibrosis
	Keywords:
	Clinical Manifestations
	Diagnosis
	Pathogenesis
	Specific Cystic Fibrosis Pathogens
	Viral Pathogens
	Nontypeable Haemophilus influenzae
	Staphylococcus aureus
	Pseudomonas aeruginosa
	Burkholderia cepacia Complex
	Stenotrophomonas maltophilia
	Achromobacter xylosoxidans


	Anaerobic Bacteria
	Fungal Species
	Nontuberculous Mycobacteria

	Treatment of Pathogens in Cystic Fibrosis Patients
	Prophylaxis to Prevent Acquisition of Staphylococcus aureus
	Early Eradication of Methicillin-Resistant Staphylococcus aureus
	Early Eradication of Pseudomonas aeruginosa

	Treatment of Pulmonary Exacerbations
	Pseudomonas aeruginosa
	Staphylococcus aureus and Methicillin-Resistant Staphylococcus aureus
	Burkholderia cepacia Complex
	Stenotrophomonas maltophilia and Achromobacter xylosoxidans
	Allergic Bronchopulmonary Aspergillosis
	Nontuberculous Mycobacteria
	Long-Term Suppressive Therapy
	Inhaled Antibiotics
	Macrolide Antibiotics

	Lung Transplantation
	Antiinflammatory Therapy
	CFTR Modulators
	Prevention
	Immunizations

	Infection Control Precautions

	Conclusion
	New References Since the Seventh Edition
	References

	26 Infective Endocarditis
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Laboratory Findings
	Microbiology
	Streptococci
	Staphylococci
	Gram-Negative Organisms
	Gram-Positive Bacilli
	Other Organisms
	Fungi

	Treatment
	Prevention
	New References Since the Seventh Edition
	References

	27 Infectious Pericarditis
	Anatomy and Function
	Bacterial Pericarditis
	Population and Incidence
	Etiology
	Pathology and Pathogenesis
	Clinical Manifestations
	Diagnosis
	Differential Diagnosis
	Treatment
	Prognosis

	Viral Pericarditis
	Etiology
	Clinical Manifestations
	Investigative Techniques
	Course and Prognosis

	New References Since the Seventh Edition
	References

	28 Myocarditis
	Epidemiology
	Etiologies
	Pathology
	Pathogenesis
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Chest Radiography
	Electrocardiogram
	Echocardiography and Cardiac MRI
	Endomyocardial Biopsy

	Molecular Diagnostic Studies
	Polymerase Chain Reaction
	Virologic and Bacteriologic Studies
	Serum Biomarkers

	Differential Diagnosis
	Treatment
	Standard Approaches
	Immune-Modulating Agents

	Prognosis
	Myocarditis in Cases of Human Immunodeficiency Virus Infection
	Parasitic Myocarditis
	Chagas Disease
	Other Parasitic Causes of Myocarditis

	New References Since the Seventh Edition
	References

	29 Acute Rheumatic Fever
	Epidemiology
	Pathogenesis
	Vaccine Development
	Rheumatic Fever in Developing Countries
	Pathology
	Clinical Course
	Laboratory Findings
	Diagnosis
	Differential Diagnosis
	Treatment
	Cardiac Surgery
	Prognosis
	Prevention
	Conclusion
	New References Since the Seventh Edition
	References

	30 Mediastinitis
	Acute Mediastinitis
	Mediastinitis Due to Esophageal Perforation
	Mediastinitis Due to Extension of Infection From Adjacent Structures
	Postoperative Mediastinitis

	Chronic Mediastinitis
	New References Since the Seventh Edition
	References

	31 Bacterial Meningitis Beyond the Neonatal Period
	Incidence and Epidemiology
	Epidemiology of Meningitis Caused by Streptococcus pneumoniae
	Epidemiology of Meningococcal Meningitis
	Epidemiology of Haemophilus influenzae Meningitis

	Pathophysiology
	Organisms Encountered
	Routes of Infection

	Pathogenesis
	Mucosal Colonization
	Bacteremia
	Bacterial Traversal of the Blood-Brain Barrier
	BBB Dysfunction and Intracranial Inflammation
	Neuronal Injury
	Factors Predisposing the Host to Bacterial Meningitis

	Pathology
	Clinical Manifestations and Pathophysiologic Relationships
	Differential Diagnosis
	Diagnosis
	Treatment
	Antimicrobial Therapy
	Adjunctive Therapy
	Antiinflammatory Therapy
	Corticosteroids
	Glycerol

	Supportive Care

	Prognosis and Sequelae
	Prevention
	Pneumococcal Infection
	Chemoprophylaxis
	Immunoprophylaxis

	Meningococcal Infection
	Chemoprophylaxis
	Immunoprophylaxis

	Haemophilus influenzae Meningitis
	Chemoprophylaxis
	Immunoprophylaxis


	New References Since the Seventh Edition
	References

	32 Parameningeal Infections
	Brain Abscess
	Pathogenesis and Pathology
	Clinical Manifestations
	Rupture of Brain Abscess Into the Ventricular System
	Laboratory Diagnosis
	Diagnosis
	Treatment
	Adjunctive Agents

	Subdural Empyema
	Clinical Manifestations
	Diagnosis
	Treatment

	Epidural Abscess
	Spinal Epidural Infections
	Sources of Infection
	Clinical Manifestations
	Phase 1: Spinal Ache
	Phase 2: Root Pain
	Phases 3 and 4: Weakness and Paralysis

	Diagnosis
	Treatment

	New References Since the Seventh Edition
	References

	33 Fungal Meningitis
	Epidemiology
	Diagnosis
	Clinical Manifestations
	Infection With Specific Organisms
	Candidal Meningitis
	Cryptococcosis
	Histoplasmosis
	Coccidioidomycosis
	Blastomycosis
	Aspergillosis
	Sporotrichosis
	Mucormycosis
	Other Fungal Infections


	New References Since the Seventh Edition
	References

	34 Eosinophilic Meningitis
	Introduction
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment
	Course and Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	35 Aseptic Meningitis and Viral Meningitis
	History
	Etiology
	Epidemiology
	Clinical Manifestations
	Enteroviruses
	Aseptic Meningitis Caused by Other Agents
	Recurrent Aseptic Meningitis (Mollaret Meningitis)

	Differential Diagnosis
	Specific Diagnosis
	Treatment
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	36 Encephalitis and Meningoencephalitis
	History
	Etiology
	Viruses
	Enteroviruses and Human Parechoviruses
	Herpesviruses
	Arboviruses
	Vaccine-Preventable Viruses
	Rare and/or Newly Emerging Viruses

	Bacteria
	Parasites and Free-Living Amoebae
	Fungi
	Other Putative Agents of Encephalitis
	Postimmunization Encephalitis
	Postinfectious Encephalitis
	Chronic Encephalitic or Encephalopathic Illnesses

	Epidemiology
	Pathogenesis
	Pathology
	Clinical Manifestations
	Differential Diagnosis
	Evaluation of a Patient With Encephalopathy or Possible Encephalitis
	Neuroimaging
	Electroencephalography

	Diagnosis
	Treatment
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	37 Parainfectious and Postinfectious Disorders of the Nervous System
	37A ■ Parainfectious and Postinfectious Demyelinating Disorders of the Central Nervous System
	Acute Disseminated Encephalomyelitis
	Epidemiology
	Diagnostic Criteria
	Clinical Manifestations
	Clinical Variants
	Pathology and Pathogenesis
	Role of Infection
	Role of Immunization
	Immunologic Factors
	Pathogenesis

	Clinical Evaluation
	Treatment
	Outcome and Prognosis

	New References Since the Seventh Edition
	References

	37B ■ Infection-Associated Myelitis and Myelopathies of the Spinal Cord
	Acute Transverse Myelitis
	Diagnostic Criteria
	Epidemiology
	Clinical Presentation
	Radiologic Features
	Lumbar Puncture
	Differential Diagnosis
	Conditions That Mimic Acute Transverse Myelitis
	Extramedullary Lesions
	Intramedullary Lesions
	Peripheral Lesions
	Disease-Associated Acute Transverse Myelitis

	Role of Infections in Transverse Myelitis
	Infectious Myelopathies
	Postinfectious Acute Transverse Myelitis

	Role of the Immune System in Idiopathic Acute Transverse Myelitis

	Treatment
	Outcome and Prognosis
	Recurrences
	Disability

	New References Since the Seventh Edition
	References

	37C ■ Guillain-Barré Syndrome
	Epidemiology
	Clinical Manifestations
	Subtypes
	Differential Diagnosis
	Pathogenesis
	Clinical Evaluation
	Treatment
	Outcome and Prognosis
	New References Since the Seventh Edition
	References


	5 ■ Genitourinary Tract Infections
	38 Urethritis
	Epidemiology
	Pathophysiology
	Clinical Presentation
	Differential Diagnosis
	Noninfectious
	Infectious

	Specific Diagnosis
	Treatment
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References


	39 Cystitis and Pyelonephritis
	Epidemiology
	Risk for Urinary Tract Infection
	Risk Factors for Urinary Tract Infection
	Uncircumcised Boys
	Dysfunctional Voiding
	Constipation
	Sexual Activity
	Catheters

	Pathogenesis
	Bacteriology
	Virulence Factors

	Clinical Presentation
	Cystitis
	Pyelonephritis
	Physical Examination
	Asymptomatic Bacteriuria

	Differential Diagnosis
	Infectious
	Noninfectious

	Diagnosis
	Collection of a Urine Specimen
	Diagnosis of Urinary Tract Infection
	Microscopy
	Urine Dipsticks

	Determining the Site of Infection
	Imaging
	Renal Ultrasonography
	Renal Scintigraphy
	Magnetic Resonance Imaging
	Voiding Cystourethrography
	Computed Tomography


	Treatment
	Antibiotics for Treatment of Acute Infection
	Corticosteroids
	Dysfunctional Voiding
	Antibiotic Prophylaxis
	Vesicoureteral Reflux
	Epidemiology
	Natural History
	Management
	Antimicrobial Prophylaxis
	Surgery


	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	40 Renal Abscess
	Clinical Findings
	Diagnostic Evaluation
	Therapeutic Considerations
	Conclusion
	New References Since the Seventh Edition
	References

	41 Prostatitis
	Conclusion
	New References Since the Seventh Edition
	References

	42 Genital Infections
	General Approach to Evaluation of Prepubertal Child
	Normal Vaginal Flora
	Lower Genital Tract Infections
	Vulvovaginitis
	Prepubertal
	Postpubertal
	Nonspecific Vulvovaginitis
	Prepubertal.
	Vulvovaginitis secondary to poor perineal hygiene.
	Vulvovaginitis secondary to intestinal parasites.
	Vulvovaginitis secondary to vaginal foreign bodies.

	Specific Non–Sexually Transmitted Vulvovaginitis
	Vulvovaginitis secondary to respiratory pathogens
	Streptococcus pyogenes (group A Streptococcus) vulvovaginitis.

	Vulvovaginitis secondary to other nasopharyngeal bacteria.
	Vulvovaginitis secondary to specific enteric pathogens.
	Vulvovaginitis secondary to skin infections.
	Mycotic (fungal) vulvovaginitis
	Prepubertal.
	Postpubertal.

	Diagnosis.
	Treatment.



	Specific Sexually Transmitted Vulvovaginitis
	Gonorrhea
	Prepubertal
	Diagnosis
	Treatment

	Chlamydia
	Prepubertal
	Diagnosis
	Treatment

	Trichomoniasis
	Prepubertal
	Postpubertal
	Diagnosis
	Treatment

	Bacterial Vaginosis
	Prepubertal
	Postpubertal
	Diagnosis
	Treatment

	Infections of the Clitoris
	Urethritis
	Bartholinitis and Bartholin Abscess

	Vulvovaginal Lesions, Ulcerations, and Granulomatous Infections
	Human Papillomavirus and Genital Warts
	Prepubertal
	Postpubertal
	Diagnosis
	Treatment

	Molluscum Contagiosum

	Ulcerations and Granulomatous Infections
	Lymphogranuloma Venereum
	Cervicitis
	Prepubertal
	Postpubertal
	Diagnosis
	Treatment

	Chlamydia
	Gonorrhea

	Upper Genital Tract Infections
	Pelvic Inflammatory Disease
	Endometritis
	Salpingitis
	Diagnosis
	Treatment

	Perihepatitis
	Tubo-ovarian Abscess
	Oophoritis

	New References Since the Seventh Edition
	References

	6 ■ Gastrointestinal Tract Infections
	43 Esophagitis
	Pathophysiology and Causative Organisms
	Clinical Features
	Differential Diagnosis
	Diagnosis
	Barium Esophagography
	Esophagoscopy

	Prevention
	Treatment
	Candida Esophagitis

	Other Causes of Fungal Esophagitis
	Viral Esophagitis
	Bacterial Esophagitis
	Prognosis
	New References Since the Seventh Edition
	References


	44 Approach to Patients With Gastrointestinal Tract Infections and Food Poisoning
	Epidemiology
	Epidemiologic Categories of Diarrhea
	Diarrhea Acquired in Institutional Centers: Childcare Centers
	Antimicrobial-Associated Diarrhea
	Diarrhea in Immunosuppressed Host
	Traveler’s Diarrhea
	Food- and Waterborne Diseases: Food Poisoning
	Foodborne disease due to bacteria, viruses, and parasites.
	Food poisoning by chemicals.
	Prevention of foodborne disease.
	Waterborne disease.



	Clinical Classification of Diarrhea Episodes
	Organisms That Cause Diarrhea
	Viruses
	Rotaviruses
	Noroviruses
	Astroviruses
	Enteric Adenoviruses

	Bacteria
	Shigella
	Salmonella
	Campylobacter
	Diarrheagenic Escherichia coli
	Shiga toxin–producing E. coli.
	Enteropathogenic E. coli.
	Enterotoxigenic E. coli.
	Enteroinvasive E. coli.
	Enteroaggregative E. coli.
	Diffusely adherent E. coli.
	Adherent invasive E. coli.

	Vibrio cholerae
	Vibrio parahaemolyticus
	Yersinia enterocolitica
	Aeromonas hydrophila
	Plesiomonas shigelloides
	Clostridium difficile
	Clostridium perfringens
	Staphylococcus aureus
	Bacillus cereus
	Listeria monocytogenes

	Parasites
	Entamoeba histolytica
	Giardia intestinalis
	Cryptosporidium
	Isospora belli
	Cyclospora
	Microsporidia
	Strongyloides stercoralis


	Diagnosis
	Macroscopic Stool Examination
	Microscopic Examination
	Fecal Leukocytes
	Ova and Parasites
	Special Stains for Coccidia

	Stool Cultures
	Immunologic Methods
	Molecular Methods

	Treatment
	Fluid and Electrolyte Therapy
	Nutritional Management
	Antimicrobial Therapy
	Therapy for Dysentery
	Shigella
	Campylobacter
	Salmonella
	Shiga Toxin–Producing E. coli

	Therapy for Other Bacterial Agents
	Diarrheagenic E. coli
	Cholera

	Therapy for Intestinal Parasites
	Entamoeba histolytica
	Giardia
	Cryptosporidium
	Cyclospora
	Microsporidia
	Strongyloides

	Additional Therapy
	Zinc
	Probiotics
	Antisecretory Agents
	Antiemetics


	Prevention
	Vaccines
	Rotavirus Vaccine
	Vaccines for Other Enteric Viruses
	Vaccines for Enteric Bacteria


	New References Since the Seventh Edition
	References

	45 Antibiotic-Associated Colitis
	History
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Laboratory Studies
	Differential Diagnosis
	Treatment
	Prevention and Control
	New References Since the Seventh Edition
	References

	46 Whipple Disease
	History
	Epidemiology
	Etiology and Pathogenesis
	Clinical Manifestations
	Acute Infection
	Gastroenteritis
	Bacteremia
	Pneumonia
	“Classic” Whipple Disease
	Gastrointestinal Tract
	Joints
	Central Nervous System
	Eye
	Skin
	Heart
	Skeletal Muscle
	Lymph Nodes and Spleen
	Lungs
	Kidney
	Blood


	Diagnosis
	Treatment
	Conclusion
	New References Since the Seventh Edition
	References

	7 ■ Liver Diseases
	47 Hepatitis
	History
	Clinical Manifestations and Evaluation
	Patient History
	Physical Findings
	Laboratory Diagnosis

	Infectious Causes
	Viruses
	Hepatitis Viruses
	Hepatitis A virus.
	Hepatitis B virus.
	Hepatitis C virus.
	Hepatitis D virus.
	Hepatitis E virus.

	Herpesviruses
	Herpes simplex virus.
	Varicella-zoster virus.
	Cytomegalovirus.
	Epstein-Barr virus.
	Human herpesviruses 6, 7, and 8.
	Herpes B virus.

	Adenoviruses
	Erythroviruses: Human Parvovirus B19
	Enteroviruses
	Measles Virus
	Rubella Virus
	Hemorrhagic Fever Viruses

	Bacteria
	Spirochetes
	Rickettsiae

	Parasites and Fungi

	Noninfectious Causes
	New References Since the Seventh Edition
	References


	48 Cholangitis and Cholecystitis
	Cholangitis
	Etiology and Pathogenesis
	Clinical Presentation
	Diagnostic Evaluation
	Differential Diagnosis
	Treatment
	Prevention
	Complications of Cholangitis
	Specific Populations and Cholangitis
	Cholangitis and Biliary Atresia
	Cholangitis After Liver Transplantation
	Cholangitis in Immunocompromised Patients
	Cholangitis in Association With Congenital Anatomic Abnormalities: Choledochal Cysts and Caroli Disease
	Cholangitis After Endoscopic and Other Biliary Procedures

	Cholecystitis
	Etiology and Pathogenesis
	Clinical Presentation
	Evaluation
	Management
	Complications
	Acalculous Cholecystitis

	New References Since the Seventh Edition
	References

	49 Pyogenic Liver Abscess
	Pathogenesis
	Microbiology
	Clinical Manifestations
	Diagnosis
	Treatment
	Complications and Prognosis
	New References Since the Seventh Edition
	References

	50 Reye Syndrome
	Epidemiology
	Clinical Manifestations and Laboratory Findings
	Treatment and Prevention
	New Reference Since the Seventh Edition
	References

	8 ■ Other Intraabdominal Infections
	51 Appendicitis and Pelvic Abscess
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Microbiology
	Bacteria
	Parasites
	Viruses
	Fungi

	Treatment
	Nonperforated Appendicitis
	Perforated Appendicitis

	Prognosis and Complications
	Pelvic Abscess
	New References Since the Seventh Edition
	References


	52 Pancreatitis
	Clinical Manifestations
	Laboratory Diagnosis
	Causes
	Infectious Causes
	Viral Infections
	Parasite Infestations and Infections
	Mycoplasmal and Bacterial Infections
	Fungal Infections

	Pathogenesis
	Treatment
	Complications
	New References Since the Seventh Edition
	References

	53 Peritonitis and Intraabdominal Abscess
	Peritonitis
	Anatomy
	Pathogenesis
	Primary Peritonitis
	Secondary Peritonitis
	Peritonitis and Implanted Devices
	Clinical Manifestations
	Diagnosis
	Differential Diagnosis
	Treatment
	Complications

	Intraabdominal Abscess
	Clinical Manifestations
	Diagnosis
	Treatment
	Complications

	References

	54 Retroperitoneal Infections
	Etiology and Pathogenesis
	Microbiology
	Clinical Presentation
	Differential Diagnosis
	Specific Diagnosis
	Treatment
	Prognosis
	New References Since the Seventh Edition
	References

	9 ■ Musculoskeletal Infections
	55 Osteomyelitis
	Introduction
	Hematogenous Osteomyelitis
	Pathogenesis
	Signs and Symptoms

	Differential Diagnosis
	Diagnosis
	Microbiology
	Radiology
	Plain radiographs.
	Magnetic resonance imaging.
	Radionuclide imaging.
	Computed tomography.


	Treatment of Acute Hematogenous Osteomyelitis
	Surgical Intervention
	Antimicrobial Therapy

	Special Manifestations of Hematogenous Osteomyelitis
	Brodie Abscess

	Osteomyelitis in Patients After Closed Fractures
	Epiphyseal and Apophyseal Osteomyelitis
	Involvement of Nontubular Bones
	Spinal Osteomyelitis
	Diskitis
	Vertebral Osteomyelitis

	Hematogenous Osteomyelitis in Special Populations
	Osteomyelitis in Newborns

	Osteomyelitis in Children With Hemoglobinopathies
	Osteomyelitis in Patients With Human Immunodeficiency Virus Infection
	Osteomyelitis in Patients With Chronic Granulomatous Disease

	Nonhematogenous Osteomyelitis
	Puncture Wound Osteomyelitis
	Osteomyelitis Caused by Spread of Infection From a Contiguous Focus
	Orthopedic Fixator Devices

	Unusual Microbial Causes of Osteomyelitis
	Actinomyces
	Brucella
	Fungi

	Chronic Osteomyelitis
	New References Since the Seventh Edition
	References


	56 Septic Arthritis
	Epidemiology
	Pathophysiology
	Etiology
	Diagnosis
	Clinical Findings
	Radiologic Findings
	Laboratory Evaluation

	Differential Diagnosis
	Treatment
	Surgical Treatment
	Antibiotic Therapy

	Prognosis
	Special Problems
	Neonatal Septic Arthritis
	Fungal Arthritis
	Joint Infections During Rheumatologic Disease
	Reactive Arthritis

	New References Since the Seventh Edition
	References

	57 Bacterial Myositis and Pyomyositis
	Pyomyositis
	Pathophysiology
	Clinical Presentation
	Diagnosis
	Treatment in the United States and India

	Acute Bacterial Myositis
	Clinical Presentation
	Diagnosis
	Treatment and the Eagle Effect

	Miscellaneous Causes of Myositis
	New References Since the Seventh Edition
	References

	10 ■ Skin Infections
	58 Cutaneous Manifestations of Systemic Infections
	History
	Etiologic Agents
	Epidemiology
	Pathophysiology and Pathology of Exanthems
	Clinical Manifestations
	Erythematous Macular Exanthems
	Erythematous Maculopapular Exanthems
	Vesicular Exanthems
	Petechial and Purpuric Exanthems
	Urticarial Exanthems
	Papular, Nodular, and Ulcerative Lesions
	Distinctive Clinical Features or Syndromes
	Erythema Multiforme
	Erythema Nodosum
	Hand, Foot, and Mouth Syndrome
	Roseola-like Illness
	Rocky Mountain Spotted Fever–like Illness
	Exanthem and Meningitis
	Exanthem and Pulmonary Involvement
	Gianotti-Crosti Syndrome (Papular Acrodermatitis)
	Cutaneous Manifestations Associated With Infections in Immunocompromised Patients


	Diagnosis
	Differential Diagnosis
	Specific Diagnosis

	Treatment, Prognosis, and Prevention
	New References Since the Seventh Edition
	References


	59 Roseola Infantum (Exanthem Subitum)
	History
	Epidemiology
	Etiology
	Pathophysiology
	Clinical Presentation
	Clinical Complications
	Diagnosis
	Treatment and Prognosis
	New References Since the Seventh Edition
	References

	60 Skin Infections
	60A ■ Bacterial Skin Infections
	Normal Skin
	Anatomy
	Flora

	Cutaneous Infection and Dermatologic Manifestations of Systemic Disease
	Impetigo
	Nonbullous or Simple Superficial Impetigo
	Bullous Impetigo
	Treatment of Impetigo

	Perianal Streptococcal Dermatitis
	Blistering Distal Dactylitis
	Erysipelas
	Ecthyma
	Folliculitis, Furunculosis, and Carbuncles
	Hidradenitis Suppurativa
	Cellulitis
	Necrotizing Fasciitis
	Clinical Manifestations
	Diagnosis
	Treatment

	Contaminated Wounds
	Human Bites
	Animal Bites
	Soil-Contaminated and Water-Contaminated Wounds

	New References Since the Seventh Edition
	References

	60B ■ Viral and Fungal Skin Infections
	Viral Infections
	Warts
	Molluscum Contagiosum
	Epidemiology
	Clinical Manifestations

	Parvovirus B19 Infections
	Gianotti-Crosti Syndrome (Papular Acrodermatitis of Childhood)
	Asymmetric Periflexural Viral Exanthem
	Hand, Foot, and Mouth Syndrome
	Herpes Simplex Virus
	Varicella-Zoster Virus

	Fungal Infections
	Superficial Fungal Infections
	Dermatophyte Infections
	Tinea capitis.
	Tinea corporis.
	Tinea faciei.
	Tinea pedis.
	Tinea cruris.
	Tinea unguium.

	Diagnosis
	Treatment
	Candida
	Malassezia
	Chromoblastomycosis
	Tinea Nigra
	Trichosporonosis

	Deep Fungal Infections
	Aspergillosis
	Blastomycosis
	Coccidioidomycosis
	Cryptococcosis
	Fusariosis
	Histoplasmosis
	Mucormycosis
	Sporotrichosis


	New References Since the Seventh Edition
	References


	11 ■ Ocular Infectious Diseases
	61 Ocular Infections
	Infections of the Eyelids
	Anterior Eyelid Infection
	Staphylococcal Blepharitis
	Molluscum Contagiosum Infection
	Parasitic Eyelid Disease
	Phthirus pubis Infestation
	Demodex Infection

	Posterior Eyelid Infection
	Hordeolum
	Chalazion

	Dacryoadenitis
	Nasolacrimal Duct Obstruction
	Dacryocystitis
	Preseptal (Periorbital) Cellulitis
	Posttraumatic Preseptal Cellulitis
	Nontraumatic Preseptal Cellulitis
	Orbital Cellulitis


	Conjunctival Infections
	Bacterial Conjunctivitis
	Mild Bacterial Conjunctivitis
	Severe Bacterial Conjunctivitis

	Viral Conjunctivitis
	Adenoviral Conjunctivitis
	Herpes Simplex Virus Conjunctivitis and Complex Forms
	External Ocular Infections With Varicella-Zoster Virus
	Chlamydial Conjunctivitis and Trachoma

	Neonatal Conjunctivitis

	Keratitis: Corneal Inflammation
	Isolated Epithelial Keratitis
	Stromal Keratitis
	Bacterial Keratitis
	Fungal Keratitis
	Protozoan Keratitis

	Infections Primarily Involving the Uvea
	Epidemiology
	Viral Uveitis
	Herpes Simplex Virus
	Varicella-Zoster Virus
	Epstein-Barr Virus
	Enteroviruses
	Rubella Virus
	Mumps Virus
	Measles Virus
	Subacute Sclerosing Panencephalitis
	Creutzfeldt-Jakob Disease
	Human Immunodeficiency Virus and Acquired Immunodeficiency Syndrome
	Cytomegalovirus Infection
	Parvovirus Infection
	Human T-Cell Lymphotrophic Virus Infection
	Lymphocytic Choriomeningitis Virus Infection
	Viruses
	Rift Valley fever virus.
	Herpes B virus.
	Influenza A virus.
	West Nile virus.
	Zika virus.
	Chikungunya virus.


	Bacterial Uveitis
	Syphilis
	Lyme Disease
	Leptospirosis
	Tuberculosis
	Leprosy
	Brucella Infection
	Cat-Scratch Disease

	Fungal Uveitis
	Histoplasmosis
	Candidiasis
	Aspergillosis
	Coccidioidomycosis
	Cryptococcosis
	Sporotrichosis

	Protozoal Uveitis
	Leishmaniasis
	Protozoal Infection
	Amebiasis.
	Trypanosomiasis.
	Malaria.
	Giardiasis.


	Helminthic Uveitis
	Toxocariasis
	Onchocerciasis
	Loiasis
	Cysticercosis
	Rare Causes of Parasitic Posterior Uveitis in Children
	Schistosomiasis.
	Hydatid disease.
	Coenurosis.
	Ascaris.
	Baylisascaris.
	Gnathostoma spinigerum.
	Wuchereria bancrofti.
	Trichinosis.
	Rickettsial disease.
	Typhus.
	Spotted fever.
	Q fever.
	Trench fever.



	Uveitis Caused by Insect-Induced Disease
	Postinfectious Uveitis

	Infections Involving Primarily the Retina
	Eye Manifestations of Intrauterine Infections (TORCHES Complex)
	Toxoplasmosis
	Lymphocytic Choriomeningitis Infection
	Rubella Infection
	Cytomegalovirus Infection
	Herpes Simplex Virus Infection
	Varicella-Zoster Virus Infection
	Syphilis

	Endophthalmitis

	New References Since the Seventh Edition
	References


	12 ■ Systemic Infectious Diseases
	62 Bacteremia and Septic Shock
	Pathophysiology
	Endotoxin Shock in Animals
	Endotoxin Shock in Humans

	Clinical Presentation and Diagnosis
	Treatment
	Investigative Therapies
	Prognosis
	New References Since the Seventh Edition
	References


	63 Fever Without Source and Fever of Unknown Origin
	Fever Without Source
	Occult Bacteremia
	Clinical Management of Fever Without Source

	Fever of Unknown Origin
	Diagnostic Approach to a Child With Fever of Unknown Origin
	Clinical Evaluation
	Laboratory Evaluation

	Infectious Causes of Fever of Unknown Origin
	Generalized Infections
	Brucellosis.
	Cat-scratch disease.
	Leptospirosis.
	Toxoplasmosis.
	Malaria.
	Salmonellosis.
	Tuberculosis.
	Tularemia.
	Viral infections.
	Immunodeficiency.

	Localized Infections
	Bacterial endocarditis.
	Bone and joint infections.
	Intraabdominal abscesses.
	Liver abscess and other hepatic infections.
	Upper respiratory tract infections.


	Noninfectious Causes of Fever of Unknown Origin
	Central Nervous System Dysfunction
	Diabetes Insipidus
	Drug Fever
	Factitious Fever
	Familial Dysautonomia
	Hemophagocytic Lymphohistiocytosis
	Inflammatory Bowel Disease
	Infantile Cortical Hyperostosis
	Juvenile Idiopathic (Rheumatoid) Arthritis
	Periodic Fevers


	Acknowledgments
	New References Since the Seventh Edition
	References

	64 Toxic Shock Syndrome
	Epidemiology
	Surveillance and Incidence
	Risk Factors for Toxic Shock Syndrome
	Colonization With Exotoxin-Producing Staphylococcus Aureus
	Absence of Protective Antibody Levels
	Interruption of Skin or Mucosal Surface
	Presence of a Foreign Body

	Other Potential Risk Factors

	Histopathology
	Clinical Spectrum
	Acute Phase
	Laboratory Findings
	Diagnosis
	Treatment
	Location and drainage of the infected site.
	Identification and susceptibility testing of the organism.
	Administration of antimicrobial agents.
	Management of systemic multiorgan actions of the toxins or mediators
	Fluid replacement.
	Intravenous immunoglobulin and toxin inhibition.
	Corticosteroids.



	Subacute Phase
	Outcome and Sequelae
	Recurrences

	Atypical Manifestations
	Mild Disease
	Recalcitrant Erythematous Desquamating Disorder
	Neonatal Toxic Shock Syndrome–like Exanthematous Disease
	Streptococcal Toxic Shock Syndrome


	Differential Diagnosis
	Prevention and Prophylaxis
	References

	65 Pediatric Acute Respiratory Distress Syndrome
	Definition
	Pathology and Pathophysiology
	Etiology
	Clinical Manifestations
	Mortality
	Treatment
	Pulmonary Management
	Modes of Mechanical Ventilation
	Positive End-Expiratory Pressure
	Permissive Hypoxemia and Permissive Hypercapnia

	Adjunctive Therapies
	Corticosteroids
	Inhaled Nitric Oxide
	Surfactant Replacement

	Nonpulmonary Supportive Management
	Fluid Balance
	Sedation and Neuromuscular Blockade
	Nutrition
	Patient Isolation

	Rescue Therapies

	Conclusion
	New References Since the Seventh Edition
	References

	13 ■ Infections of the Fetus and Newborn
	66 Approach to Infections in the Fetus and Newborn
	Viral Infections of the Fetus and Neonate
	Pathogenesis
	Congenital Viral Infections
	Natal or Perinatal Viral Infections
	Postnatal Viral Infections

	Approach to Diagnosis
	Evaluation of the Mother
	Clinical Features in Fetus and Newborn

	Differential Diagnosis
	Laboratory Diagnosis
	Treatment

	Bacterial Diseases of the Fetus and Newborn
	Epidemiology and Pathogenesis
	Neonatal Sepsis
	Bacterial Meningitis
	Otitis Media
	Diarrheal Disease
	Urinary Tract Infections
	Suppurative Arthritis and Osteomyelitis
	Conjunctivitis and Orbital Cellulitis
	Funisitis and Omphalitis
	Breast Abscess
	Suppurative Parotitis
	Scalp Abscess
	Pneumonia

	Yeast and Fungal Infections of the Fetus and Neonate
	Neonatal Candidiasis
	Diagnosis
	Treatment
	Prevention

	Invasive Yeasts Other Than Candida
	Invasive Fungal Diseases
	Congenital and Perinatal Transmission
	Acquired Invasive Fungal Disease
	Aspergillus.
	Zygomycetes (Absidia, Rhizopus, Mucor, and Rhizomucor).


	Treatment

	Congenital Toxoplasmosis
	Chlamydia, Mycoplasma, and Ureaplasma Infections in the Neonate
	Acknowledgments
	New References Since the Seventh Edition
	References


	14 ■ Infections of the Compromised Host
	67 Primary Immunodeficiency Diseases
	Initial Evaluation for Suspected Immunodeficiency
	Medical History
	Physical Examination
	Laboratory Tests
	Evaluation of Humoral Immunity
	Evaluation of T-Cell–Mediated Immunity
	Evaluation of the Complement System
	Evaluation of Phagocyte Function
	Genetic Testing
	Neonatal Screening for T-Cell Deficiencies

	Management

	Selected Primary Antibody Deficiencies
	X-Linked Agammaglobulinemia
	Clinical Features
	Pathogenesis
	Diagnosis
	Treatment and Prognosis

	Immunoglobulin Deficiency With Increased IgM
	Clinical Features
	Pathogenesis
	Diagnosis
	Treatment and Prognosis

	Common Variable Immunodeficiency Disease
	Clinical Features
	Pathogenesis
	Diagnosis
	Treatment and Prognosis

	IgA Deficiency
	Clinical Features
	Pathogenesis
	Diagnosis
	Treatment and Prognosis

	Transient Hypogammaglobulinemia of Infancy
	Clinical Features
	Pathogenesis
	Diagnosis
	Treatment and Prognosis

	IgG Subclass “Deficiency”

	Selected Primary Combined Immune Deficiencies
	Severe Combined Immunodeficiency Disease
	Clinical Features
	Pathogenesis
	Diagnosis
	Treatment and Prognosis

	DiGeorge Syndrome
	Clinical Features
	Pathogenesis
	Diagnosis
	Treatment and Prognosis

	Wiskott-Aldrich Syndrome
	Clinical Features
	Pathogenesis
	Diagnosis
	Treatment and Prognosis

	Ataxia-Telangiectasia
	Clinical Features
	Pathogenesis
	Diagnosis
	Treatment and Prognosis


	Primary Complement Deficiencies
	Clinical Features
	Pathogenesis
	Diagnosis
	Treatment and Prognosis

	Primary Phagocyte Deficiencies
	Quantitative Phagocyte Abnormalities
	Chronic Granulomatous Disease
	Clinical Features
	Pathogenesis
	Diagnosis
	Treatment and Prognosis

	Leukocyte Adhesion Deficiency
	Clinical Features
	Pathogenesis
	Diagnosis
	Treatment and Prognosis

	Other Primary Phagocyte Deficiencies

	Other Innate Immunity Deficiency Diseases
	Associations Between Specific Pathogens and PIDDs
	Conclusion
	New References Since the Seventh Edition
	References


	68 The Febrile Neutropenic Patient
	Epidemiology of Fever and Neutropenia
	Bacterial Pathogens
	Fungal Pathogens
	Viral Pathogens

	Fever and Neutropenia of Unknown Origin
	Risk Stratification
	Risk Stratification at Initial Presentation
	Risk Stratification for Invasive Fungal Disease

	History and Physical Exam
	Initial Diagnostic Evaluation
	Initial Therapy for Fever and Neutropenia
	Diagnostic Evaluation for Persistent Fever and Neutropenia
	Therapeutic Adjustments for Prolonged Fever and Neutropenia
	Adjustment of Empiric Antibiotic Therapy
	Initiation of Antifungal Therapy

	Prevention Measures
	Antibacterial Prophylaxis
	Antifungal Prophylaxis
	Hospital Infection Control Practices

	New References Since the Seventh Edition
	References

	69 Opportunistic Infections in Hematopoietic Stem Cell Transplantation
	Epidemiology
	Phase I: Preengraftment (<30 Days)
	Phase II: Early Postengraftment (30 to 100 Days)
	Phase III: Late Postengraftment (>100 Days)

	Major Types of Opportunistic Infections After Hematopoietic Stem Cell Transplantation
	Bacterial
	Classic Gram-Positive and Gram-Negative Bacteria
	Clostridium difficile
	Encapsulated Organisms
	Mycobacteria

	Fungal
	Candida
	Aspergillus
	Rare Fungi
	Pneumocystis jiroveci

	Viral
	Herpes Family Viruses
	Herpes simplex virus.
	Cytomegalovirus.
	Epstein-barr virus.
	Varicella zoster virus.
	Human herpesvirus–6.

	Other Double-Stranded DNA Viruses
	Adenovirus.
	Human polyomavirus type I.

	Respiratory Viruses
	Influenza.
	Respiratory syncytial virus.

	Other Respiratory Viruses
	Enteric Viruses

	Protozoa
	Toxoplasma gondii
	Strongyloides stercoralis
	Cryptosporidium parvum and C. hominis


	Vaccinations After Hematopoietic Stem Cell Transplant
	New References Since the Seventh Edition
	References

	70 Infections in Pediatric Heart Transplantation
	Pretransplantation Evaluation
	Surgical Prophylactic Antibiotics
	Immediate Postoperative Infections
	Common Infections
	Sternal Wounds and Mediastinitis
	Other Infections Encountered During the First Postoperative Month
	Herpes Simplex
	Legionella pneumophila
	Respiratory Syncytial Virus


	Infections Between the First and Sixth Postoperative Months
	Cytomegalovirus
	Epstein-Barr Virus
	Toxoplasma gondii
	Aspergillus fumigatus

	Infections After the Sixth Postoperative Month
	Nocardia asteroides
	Pneumocystis jiroveci
	Streptococcus pneumoniae
	Other Viruses

	Immunosuppressive Agents and Antibiotics
	Immunizations
	New References Since the Seventh Edition
	References

	71 Infections in Pediatric Lung Transplantation
	Immunosuppression and Timing of Infection
	Overview of Infections and Antibiotic Use in Solid-Organ Transplantation
	Sites of Infection
	Thoracic Cavity: Respiratory Tract Infections, Including Pneumonia and Anastomotic Site Infections
	Bloodstream Infections

	Selected Pathogens
	Bacteria
	Pseudomonas Aeruginosa and Burkholderia Cepacia Complex
	Multidrug-Drug Resistant Gram-Negative Organisms
	Mycobacterium Tuberculosis
	Nontuberculous Mycobacterial Infections

	Fungal Infections
	Aspergillus
	Candida
	Cryptococcus Neoformans and Gattii
	Pneumocystis Jiroveci (Formerly P. Carinii)
	Endemic Mycoses
	Emerging Fungi

	Viral Infections
	Cytomegalovirus
	Epstein-Barr Virus/Posttransplant Lymphoproliferative Disorder
	Other Herpesviruses: Herpes Simplex Viruses Types 1 and 2, Varicella-Zoster Virus, Human Herpesviruses Types 6, 7, and 8
	Community-Acquired Respiratory Viruses: Respiratory Syncytial Virus, Parainfluenza Virus, Human Metapneumovirus, Influenza, and Adenovirus

	Donor-Derived and Zoonotic Infections: Rabies, West Nile Virus, Lymphocytic Choriomeningitis Virus, and Bordetella

	New References Since the Seventh Edition
	References

	72 Opportunistic Infections in Liver and Intestinal Transplantation
	Predisposing Factors
	Pretransplant Factors
	Intraoperative Factors
	Posttransplant Factors

	Timing of Infections
	Early Infections (0 to 30 Days)
	Intermediate Period (31 to 180 Days)
	Late Infections (Greater Than 180 Days)
	Infections Occurring Throughout the Postoperative Course

	Bacterial and Fungal Infections
	Liver Transplantation
	Intestinal Transplantation

	Viral Infections
	Cytomegalovirus
	Epstein-Barr Virus
	Other Herpesviruses
	Adenovirus
	Common Community-Acquired Viruses
	Other Viruses

	Opportunistic Infections
	Management
	Pretransplant Evaluation
	Prophylactic Regimens

	Conclusion
	New References Since the Seventh Edition
	References

	73 Opportunistic Infections in Kidney Transplantation
	Pretransplant Evaluation
	Posttransplant Infectious Complications
	Infections Occurring During the Early Posttransplant Period
	Wound Infections
	Urinary Tract Infections
	Pneumonia
	Bacteremia, Fungemia, and Sepsis
	Other Bacterial Diseases
	Viral Infections
	Herpes simplex virus.
	Other viruses.

	Noninfectious Causes of Fever

	Infections Occurring During the Middle Posttransplant Period
	Herpesviruses
	Cytomegalovirus.
	Epstein-barr virus.
	Varicella zoster virus.
	Human herpesviruses types 6, 7, and 8.

	Polyomaviruses and Papillomaviruses
	Polyomaviruses.
	Papillomaviruses.

	Adenoviruses
	Human Erythrovirus (Parvovirus B19)
	West Nile Virus
	Zika Virus
	Mycoplasma
	Bacterial and Mycobacterial Diseases
	Nocardia
	Fungal Diseases
	Parasitic Infections

	Infections Occurring During the Late Posttransplant Period

	New References Since the Seventh Edition
	References

	74 Infections Related to Prosthetic or Artificial Devices
	Interaction of the Host With a Prosthetic Device
	Interaction of Microorganisms With a Prosthetic Device
	Tissue Expanders
	Cochlear Implants
	Ocular Prostheses
	Orbital Implants
	Intraocular Lenses
	Contact Lenses

	Left Ventricular Assist Devices
	Microbiology of Left Ventricular Assist Device Infections

	Extracorporeal Membrane Oxygenation Circuits
	Permanent Cardiac Pacemaker and Implantable Cardioverter- Defibrillator Infections
	Permanent Cardiac Pacemaker Infections
	Microbiology
	Clinical and Laboratory Findings
	Management and Treatment of Infection

	Infection of Implantable Cardioverter-Defibrillators
	Microbiology
	Management


	Prosthetic Joint and Orthopedic Implant Infections
	Risk Factors
	Microbiology
	Clinical Manifestations
	Diagnostic Studies
	Treatment
	Prevention

	Cerebrospinal Fluid Shunts
	Epidemiology
	Etiology
	Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment
	Complications
	Prognosis
	Prevention

	Intracranial Pressure Monitors
	Epidemiology
	Etiology
	Clinical Manifestations
	Diagnosis
	Treatment and Prophylaxis

	Intrathecal Pump Infusion Devices
	Epidemiology
	Etiology
	Clinical Manifestations
	Diagnosis
	Treatment and Prophylaxis

	New References Since the Seventh Edition
	References

	75 Infections Related to Craniofacial Surgical Procedures
	Procedures and Infections
	Microbiology
	Preoperative Preparation, Intraoperative Irrigation, and Perioperative Antibiotic Therapy
	Evaluation
	Treatment
	New References Since the Seventh Edition
	References

	76 Infections in Burn Patients
	Burn Wound
	Burn Wound Depth
	Cytologic Findings
	Local Tissue Changes
	Burn Inflammation
	Inhalation Injury

	Inflammatory and Immune Responses in Burns
	The Cytokine Response
	Neutrophils
	Complements
	Macrophages
	T Lymphocytes and Cell-Mediated Immunity
	B Lymphocytes and Humoral Immunity

	Burn Wound Microbiology
	Gram-Positive Bacteria
	Gram-Negative Bacteria
	Fungi
	Viruses
	Parasites

	Clinical Manifestations
	Local Signs
	Systemic Signs
	Biomarkers of Infection and Sepsis
	Complications of Infection

	Microbiologic Investigations
	Quantitative Burn Wound Cultures by Biopsy
	Histologic Procedures
	Bronchoalveolar Lavage
	Local and Systemic Viral Infection

	Prevention and Treatment of Infection
	Wound Dressing
	Topical Antimicrobial Agents
	Silver Sulfadiazine (Silvadene, SSD, Thermazene, Flamazine, Burnazine)
	Cerium Nitrate–Silver Sulfadiazine (Flammacerium)
	Silver Nitrate
	Mafenide Acetate (Sulfamylon)
	Membrane Dressings
	Topical Antibiotics
	Nystatin (Mycostatin, Nilstat)
	Sodium Hypochlorite (0.025% Heggers Solution)
	Povidone-Iodine (Betadine)
	Chlorhexidine
	Citric Acid
	Subeschar Antibiotics

	Systemic Antiinfective Agents
	Probiotics
	Treatment of Multidrug-Resistant, Gram-Negative Bacteria
	Treatment of Viral Infections

	Antibiotic Prophylaxis
	Wound Excision and Grafting
	Gut Support and Decontamination
	Immunomodulators

	Infection Control
	New References Since the Seventh Edition
	References

	15 ■ Unclassified Infectious Diseases
	77 Kawasaki Disease
	History
	Epidemiology
	Sources of Epidemiologic Data
	Incidence Rates
	Gender
	Race or Ethnic Background
	Age
	Recurrent Kawasaki Disease
	Family Cases
	Epidemics and Outbreaks
	Geography
	Seasonality
	Communicability
	Other Risk Factors

	Etiology
	Genetic Susceptibility

	Pathology and Pathogenesis
	Relationship With Infantile Periarteritis Nodosa
	Pathologic Features of Kawasaki Disease

	Clinical Manifestations
	Clinical Phases of Illness

	Incomplete or Atypical Kawasaki Disease
	Laboratory Findings
	Immunologic Findings

	Management
	Treatment During the Acute Stage
	Initial Therapy
	Adjunctive Primary Therapy

	Rescue Therapy for IVIG Treatment Failures
	Sequelae
	Management Beyond the Acute Stage

	Complications
	Myocardial Infarction
	Other Cardiovascular Complications
	Peripheral Gangrene
	Nonvascular Complications

	Long-Term Follow-Up and Prognosis
	Long-Term Management
	Patients With No Evidence of Coronary Artery Abnormalities at Any Time (Risk Level I)
	Patients With Dilation (z ≥2 but <2.5, or >1 Decrease in z During Follow-up; Risk Level II)
	Patients With Small (≥ 2.5 to <5) Coronary Aneurysm in One or More Coronary Arteries (Risk Level III)
	Patients With Medium Aneurysms (z-score ≥5 to <10, with Luminal Dimension <8 mm; Risk Level IV)
	Patients With Large and Giant Coronary Artery Aneurysms (z-score ≥10 or ≥8 mm) and/or Obstructive Lesions (Risk Level V)


	New References Since the Seventh Edition
	References


	78 Chronic Fatigue Syndrome (Systemic Exertion Intolerance Disease)
	Historical Overview
	Epidemiology
	Etiology and Pathogenesis
	Infection
	Immunologic Dysfunction
	Genetic Components

	Clinical Manifestations
	Neurologic Factors
	Endocrinologic Factors
	Cardiovascular Factors
	Sleep Physiology
	Psychological Factors

	Diagnosis and Differential Diagnosis
	Management
	Prognosis and Future Directions
	New References Since the Seventh Edition
	References

	16 ■ Bacterial Infections
	79 Nomenclature for Aerobic and Anaerobic Bacteria
	New References Since the Seventh Edition
	References


	Subsection I Gram-Positive Cocci
	80 Staphylococcus aureus Infections (Coagulase-Positive Staphylococci)
	Structure
	Capsule
	Protein A
	Extracellular Products
	Hemolysins and Leukocidins
	Enzymes
	Epidermolytic Toxins
	Toxic Shock Syndrome Toxin Type 1
	Enterotoxins
	Staphylococcus aureus Microbial Surface Components Recognizing Adhesive Matrix Molecules
	Regulation
	Staphylococcal Small Colony Variants
	Staphylococcal Cassette Chromosome mec

	Typing Methods
	Staphylococcus aureus Clones in the Hospital and in the Community

	Genomes
	Epidemiology
	Host Defenses
	Pathogenesis
	Diagnosis
	Treatment
	Antibiotics for Staphylococcus aureus Infections
	Management of Methicillin-Resistant Staphylococcus aureus

	Prevention
	New References Since the Seventh Edition
	References


	81 Coagulase-Negative Staphylococcal Infections
	Historical Background
	Microbiology
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Bacteremia
	Neonatal Bacteremia
	Bacteremia in Immunocompromised Patients

	Indwelling Medical Devices
	Intravascular Catheter-Related Infections
	Central Nervous System Shunts
	Peritoneal Dialysis Catheters
	Prosthetic Valves
	Other Indwelling Medical Devices

	Native Valve Endocarditis
	Surgical Site Infections
	Urinary Tract Infections
	Miscellaneous Infections

	Treatment
	Prevention
	Conclusion
	New References Since the Seventh Edition
	References

	82 Group A, Group C, and Group G β-Hemolytic Streptococcal Infections
	Organism
	Transmission and Epidemiology
	Pathogenesis
	Clinical Manifestations
	Streptococcal Upper Respiratory Tract Carrier State
	Treatment
	Prevention
	Pediatric Autoimmune Neuropsychiatric Disorders Associated With Streptococcal Infections
	Proposed Pathogenesis
	Diagnosis
	Treatment
	Prevention
	Arguments Against PANDAS
	From PANDAS to PANS

	Group C and Group G Streptococcal Infections
	Organisms
	Epidemiology
	Clinical Manifestations
	Treatment

	New References Since the Seventh Edition
	References

	83 Group B Streptococcal Infections
	History
	Microbiology
	Isolation and Identification
	Serologic Classification and Antigenic Structure
	Extracellular Products
	Antimicrobial Susceptibility

	Epidemiology
	Maternal Colonization
	Infant Colonization
	Incidence of Disease
	Risk Factors for Infant Disease
	Capsular Polysaccharide Types Causing Disease

	Pathogenesis
	Maternal Factors
	Bacterial Factors
	Infant Host Factors

	Clinical Manifestations
	Early-Onset Disease
	Late-Onset Disease
	Late, Late-Onset Disease
	Septic Arthritis and Osteomyelitis
	Cellulitis/Adenitis
	Other Manifestations
	Recurrent Infections

	Diagnosis and Differential Diagnosis
	Laboratory Studies
	Differential Diagnosis

	Treatment
	Empirical Treatment
	Specific Treatment
	Supportive Treatment
	Adjunctive Treatment
	Recurrent Infections

	Prognosis
	Prevention
	Intrapartum Antibiotic Prophylaxis
	Maternal Prophylaxis
	Infant Chemoprophylaxis

	Immunoprophylaxis

	New References Since the Seventh Edition
	References

	84 Enterococcal and Viridans Streptococcal Infections
	84A ■ Enterococcal Infections
	Enterococcal Infections
	Microbiology
	Epidemiology
	Pathogenesis and Virulence
	Clinical Manifestations
	Urinary Tract Infection
	Endocarditis
	Bacteremia
	Intraabdominal Infections
	Meningitis
	Neonatal Infections
	Septic Arthritis

	Diagnosis
	Antimicrobial Susceptibility and Resistance
	Intrinsic Resistance
	β-Lactam Antibiotics
	Aminoglycosides
	Other Antibiotics

	Acquired Resistance
	High-Level Resistance to Aminoglycosides
	High-Level Resistance to β-Lactams and Production of β-Lactamase
	Glycopeptide Resistance
	Resistance to Other Antibiotics

	Testing for Antimicrobial Resistance in Enterococci

	Therapy for Enterococcal Infections
	Treatment of Infections Caused by Antibiotic-Susceptible Enterococci
	Treatment of Infections Caused by Antibiotic-Resistant Enterococci (Including Vancomycin-Resistant Enterococci)
	Newer Options for Treatment of Vancomycin-Resistant Enterococcal Infections


	Prevention of Enterococcal Infections
	Reversing the Trend Toward Vancomycin and Multiple-Antibiotic Resistance in Enterococci
	Preventing and Controlling the Spread of Nosocomial Infection by Vancomycin-Resistant Enterococci

	New References Since the Seventh Edition
	References

	84B ■ Viridans Streptococcal Infections
	Viridans Streptococcal Infections
	Microbiology
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Sepsis in Immunocompromised Hosts
	Neonatal Sepsis, Meningitis, and Other Infections
	Endocarditis
	Pneumonia
	Osteomyelitis and Septic Arthritis
	Caries
	Abscesses and Other Infections

	Diagnosis
	Antibiotic Susceptibility
	Treatment
	Prevention
	New References Since the Seventh Edition
	References
	Viridans Streptococcal Infections



	85 Pneumococcal Infections
	Relevance of Pneumococcal Disease to Child Health
	Epidemiology
	Risk Factors for Pneumococcal Infection
	Demographic Features
	Age.

	Gender
	Race/Ethnicity
	Seasonality
	Lack of Breastfeeding
	Crowding

	Immunocompromising Conditions
	Congenital and Acquired Absence of Spleen or Splenic Function
	Defective Antibody Formation
	Neutropenia and Neutrophil Dysfunction
	Genetic Variation in Mannose-Binding Lectin

	Immunocompetent Conditions
	Pneumococcal Serotype

	Pathogenesis
	Microbiology
	Structure
	Cell Wall Structure
	Peptidoglycan
	Lipoteichoic Acid
	Teichoic Acid
	Surface Proteins
	Capsule
	Genome

	Virulence Factors
	Capsule
	Neuraminidases
	Pneumolysin
	Surface-Located Choline-Binding Proteins
	Phase Variation
	Phosphorylcholine Esterase
	Pneumococcal Autolysin
	Cell Wall Stem Peptides
	Iron Transport
	IgA Protease
	Phosphoglucomutase
	Free Oxygen Radicals
	Nicotinamide Adenine Dinucleotide Plus Hydrogen Oxidase
	Pyruvate Oxidase
	Plasminogen Binding and Penetration of the Basement Membrane
	Hyaluronidase
	Peptidoglycan N-Acetylglucosamine Deacetylase A
	Phages
	Tolerance
	Respiratory Viral Infections
	Glycerophosphodiester Phosphodiesterase (GlpQ)
	Regulatory System 11
	ftsY
	spxB Mutations

	Diagnostic Microbiology
	Isolation
	Identification
	Detection of Clonality
	Diagnosis of Pneumococcal Disease
	Susceptibility Testing

	Antibiotic Resistance
	Resistance to Β-Lactam Drugs
	Resistance to Non–Β-Lactam Drugs
	Vancomycin Tolerance
	Evolution of Antibiotic Resistance


	Host Defenses
	Anticapsular Serum IgG Antibody
	Anticapsular IgA Antibody
	Phagocytosis and Leukocyte IgG Receptors
	Antibodies to Surface Proteins and Pneumolysin
	Defense Mechanisms of the Spleen
	Vitamin A
	C-Reactive Protein
	Platelet-Activating Factor Receptors of Airway Epithelial Cells
	Cytokines
	l-Ascorbic Acid (Vitamin C)
	Leukotrienes
	Human Alveolar Macrophage Binding and Phagolysosomes
	Intracellular Killing
	Complement
	Polymeric Immunoglobulin Receptor
	Basic Fibroblast Growth Factor
	Granulocyte Colony-Stimulating Factor
	Intracellular Signaling Pathways
	Lactoferrin
	Mannose-Binding Lectin
	Ficolin-2

	Clinical Syndromes
	Bacteremia and “Occult” Bacteremia
	Pneumococcal Sepsis With Purpura
	Pneumococcal Meningitis
	Pneumonia
	Otitis Media
	Mastoiditis
	Sinusitis
	Conjunctivitis
	Bone and Joint Infections
	Soft Tissue Infections
	Peritonitis
	Endocarditis
	Pericarditis
	Infection in Immunocompromised Hosts

	Treatment
	Pneumonia
	Sinusitis
	Acute Otitis Media
	Bacteremia
	Meningitis

	Prevention
	Nonimmunologic Strategies
	Immunoprophylaxis
	Unconjugated Capsular Polysaccharide Vaccines
	Conjugated Capsular Polysaccharide Vaccines


	Conclusions
	New References Since the Seventh Edition
	References

	86 Miscellaneous Gram-Positive Cocci
	Leuconostoc Species
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment

	Pediococcus Species
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations and Diagnosis
	Treatment

	Aerococcus Species
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment

	Acknowledgments
	New References Since the Seventh Edition
	References

	Subsection II Gram-Negative Cocci
	87 Moraxella catarrhalis
	Microbiology
	Pathogenesis
	Epidemiology
	Clinical Manifestations and Diagnosis
	Treatment
	Prevention
	References


	88 Meningococcal Disease
	Microbiology
	Epidemiology
	Epidemiology in the United States
	International Epidemiology

	Colonization and Carriage
	Risk Factors for Invasive Disease
	Pathology and Pathogenesis
	Clinical Manifestations and Differential Diagnosis
	Meningococcemia and Meningitis
	Chronic Meningococcemia
	Meningococcal Pneumonia
	Other Meningococcal Syndromes
	Conjunctivitis
	Pharyngitis
	Arthritis
	Pericarditis and Myocarditis
	Miscellaneous Meningococcal Infections


	Prognosis, Morbidity, and Mortality
	Diagnosis
	Treatment
	Experimental and Adjunctive Therapies

	Control and Prevention
	Chemoprophylaxis
	Outbreaks
	Meningococcal Vaccines
	Meningococcal Vaccines in the United States
	Meningococcal polysaccharide vaccine.
	Meningococcal conjugate vaccines.
	Recombinant MenB vaccines.
	US recommendations for use of meningococcal vaccines.

	Meningococcal Vaccines Outside the United States
	Meningococcal A vaccine.
	Meningococcal B vaccines.
	Meningococcal C vaccines.

	Future for Meningococcal Vaccines


	Acknowledgments
	New References Since the Seventh Edition
	References

	89 Gonococcal Infections
	Epidemiology
	Microbiology
	Culture and Speciation From Clinical Specimens
	Genetic Characteristics
	Strain Typing

	Pathogenesis
	Invasion of Mucosal Epithelial Cells
	Resistance to Phagocytosis and Intracellular Killing
	Specific Virulence Factors
	Pili
	Opacity-Associated Proteins
	Porin Protein
	Iron Metabolism
	Immunoglobulin A Protease
	Lipo-Oligosaccharide
	Cell Wall Peptidoglycan and Lytic Transglycosylases
	Reduction Modifiable Protein
	Ribosomal Protein L12
	Type IV Secretion System

	Characteristics of Strains Causing Disseminated Disease
	Host Response

	Perinatal Gonococcal Infections
	Gonococcal Ophthalmia Neonatorum
	Epidemiology
	Prevention
	Silver Nitrate and Gonococcal Ophthalmia Neonatorum
	Clinical Features

	Gonococcal Scalp Abscess and Other Local Infections
	Systemic Disease in the Neonate

	Gonococcal Disease Beyond the Neonatal Period
	Lower Genital Tract Infection in Prepubertal Girls
	Lower Genital Tract Infection in Postmenarchal Females
	Upper Genital Tract Infection in Postmenarchal Females
	Genital Tract Infection in Males
	Disseminated Disease
	Anorectal Gonorrhea
	Pharyngeal Gonorrhea
	Conjunctivitis Beyond Infancy
	Other Forms of Gonococcal Disease

	Diagnostic Testing
	Culture
	Adolescents
	Prepubertal Children

	Gram-Stained Smears
	Nonculture Diagnostics
	Medicolegal Issues Related to Diagnostic Tests
	Proper Collection of Clinical Specimens

	Antimicrobial Resistance Among Gonococci
	Treatment
	Treatment of Infants Born to Mothers With Gonococcal Infection
	Treatment of Neonates With Gonococcal Infection
	Disseminated Gonococcal Infection or Scalp Abscess

	Treatment of Gonococcal Infections Beyond the Neonatal Period
	Uncomplicated Gonococcal Infections
	Disseminated Gonococcal Infection
	Pelvic Inflammatory Disease
	Severe Allergies to Cephalosporins
	Infection With Human Immunodeficiency Virus
	Concurrent Syphilis Infection
	Pregnancy

	Presumptive Treatment of Chlamydia Trachomatis Coinfection
	Follow-Up

	Gonococcal Infection and Sexual Abuse of Children
	Prevention and Control of Gonococcal Infections
	Prevention of Neonatal Infection
	Vaccine Development

	New References Since the Seventh Edition
	References

	Subsection III Gram-Positive Bacilli
	90 Diphtheria
	Etiology
	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Diagnosis
	Differential Diagnosis

	Prevention
	Treatment
	Supportive Treatment

	Prognosis
	New References Since the Seventh Edition
	Additional Reading
	References


	91 Anthrax
	Historical Aspects
	Bacteriology
	Epidemiology and Transmission
	Pathogenesis and Pathology
	Clinical Manifestations
	Cutaneous Anthrax
	Inhalation Anthrax
	Gastrointestinal Anthrax
	Injection Anthrax
	Meningitis

	Diagnosis and Differential Diagnosis
	Treatment
	Prognosis
	Prevention and Control
	New References Since the Seventh Edition
	References

	92 Bacillus cereus and Other Bacillus Species
	Bacteriology
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Food Poisoning
	Diarrheal Syndrome
	Emetic Syndrome

	Extraintestinal Infections
	Eye Infection
	Wound and Soft Tissue Infections
	Skeletal Infections
	Bacteremia and Septicemia
	Pneumonia
	Infection of the Central Nervous System
	Liver Failure
	Pseudoinfections


	Complications
	Diagnosis
	Treatment
	Prevention and Control
	New References Since the Seventh Edition
	References

	93 Arcanobacterium haemolyticum
	History
	Organism
	Microbiology
	Toxin Production
	Antimicrobial Susceptibility

	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Pharyngitis
	Skin Infections
	Sinusitis/Orbital Cellulitis
	Other Manifestations

	Differential Diagnosis
	Specific Diagnosis
	Treatment
	Prognosis
	New References Since the Seventh Edition
	References

	94 Erysipelothrix rhusiopathiae
	Keywords:
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment
	New References Since the Seventh Edition
	References

	95 Listeriosis
	Organism
	Transmission
	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Diagnosis
	Treatment
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	96 Tuberculosis
	Stages: Exposure, Infection, and Disease
	Epidemiology
	Incidence and Prevalence

	Transmission
	Mycobacteriology
	Resistance and Immunity
	Pathogenesis
	Portal of Entry
	Incubation Period
	“Timetable” of Tuberculosis

	Clinical Forms of Tuberculosis in Children
	Endothoracic Asymptomatic Tuberculosis Infection
	Endothoracic Primary Complex and Its Complications
	Pleural Effusion
	Progressive Pulmonary Tuberculosis
	Chronic Pulmonary Tuberculosis
	Myocardial and Pericardial Tuberculosis
	Lymphohematogenous Spread
	Extrathoracic Spread
	Central Nervous System Tuberculosis

	Cutaneous Tuberculosis
	Skeletal Tuberculosis
	Tuberculosis of the Superficial Lymph Nodes (Scrofula)
	Ocular Tuberculosis
	Tuberculosis of the Middle Ear
	Gastrointestinal and Abdominal Tuberculosis
	Renal Tuberculosis
	Dialysis- and Renal Transplant–Associated Tuberculosis
	Genital Tuberculosis
	Inoculation Tuberculosis
	Perinatal Tuberculosis (Congenital and Postnatal)
	Tuberculosis in Adolescents
	Tuberculosis and Pregnancy
	Tuberculosis and Human Immunodeficiency Virus Infection
	Tuberculosis and Immune Reconstitution Inflammatory Syndrome

	Diagnosis
	Tuberculin Sensitivity and the Skin Test
	Diagnostic Mycobacteriology in Children
	Nucleic Acid Amplification

	Treatment
	Management of Tuberculous Children
	Antituberculosis Drugs
	Microbiologic Basis for Treatment
	Treatment of the Stages of Tuberculosis
	Exposure
	Infection
	Chemotherapy for Children
	Extrapulmonary Tuberculosis
	Drug-Resistant Tuberculosis in Children
	Adherence and Directly Observed Therapy

	Summary of Treatment Recommendations
	Corticosteroids
	Activity
	Isolation
	Follow-Up
	Case Reporting
	Prevention
	Immunization


	New References Since the Seventh Edition
	References

	97 Other Mycobacteria
	Epidemiology
	Microbiology
	Manifestations of Nontuberculous Mycobacterial Infection in Children
	Lymphadenitis
	Pulmonary Infections
	Skin Infections
	Mycobacterium marinum
	Mycobacterium ulcerans
	Other Mycobacteria in Skin Disease

	Other Sites of Infection
	Acquired Immunodeficiency Syndrome and Nontuberculous Mycobacteria

	Organisms Seen in Children
	Mycobacterium avium-intracellulare Complex
	Mycobacterium scrofulaceum
	Mycobacterium kansasii
	Mycobacterium malmoense

	Rapidly Growing Mycobacteria
	New References Since the Seventh Edition
	References

	98 Leprosy and Buruli Ulcer
	Leprosy
	Organism
	Transmission
	Epidemiology
	Pathogenesis and Pathology
	Immunity
	Histopathology
	Indeterminate leprosy.
	Tuberculoid leprosy.
	Borderline leprosy.
	Lepromatous leprosy.


	Clinical Manifestations
	Indeterminate Leprosy
	Tuberculoid Leprosy
	Borderline Leprosy
	Lepromatous Leprosy
	Neuritic Leprosy
	Leprosy and Acquired Immunodeficiency Syndrome

	Reactions
	Reversal Reactions
	Erythema Nodosum Leprosum

	Diagnosis and Differential Diagnosis
	Prognosis
	Treatment
	Dapsone
	Rifampin
	Clofazimine
	Fluoroquinolone Therapy
	Multidrug Therapy
	Other Drugs Under Investigation
	Treatment of Reactions
	Reversal (type 1) reaction.
	Erythema nodosum leprosum (type 2) reaction.


	Prevention
	Chemoprophylaxis
	Vaccination, Immunoprophylaxis, and Immunotherapy

	Elimination

	Buruli Ulcer
	Organism
	Transmission and Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Incubation and Forms of Lesions
	Papule.
	Nodule.
	Plaque.
	Edematous form.
	Ulcerative forms.

	Bone Involvement
	Contiguous osteomyelitis.
	Metastatic osteomyelitis.
	Complications.


	Human Immunodeficiency Virus and Buruli Ulcer
	Diagnosis and Differential Diagnosis
	Prognosis
	Treatment
	Prevention

	New References Since the Seventh Edition
	References

	99 Nocardia
	Keywords:
	Organism
	Epidemiology, Transmission, and Pathogenesis
	Pathology
	Clinical Manifestations
	Diagnosis
	Treatment and Prognosis
	New References Since the Seventh Edition
	References

	100 Corynebacterium and Rhodococcus
	Abstract
	Keywords:
	Corynebacterium
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment

	Rhodococcus
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment

	New References Since the Seventh Edition
	References

	Subsection IV Gram-Negative Bacilli
	101 Citrobacter
	Keywords
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment
	Acknowledgments
	New References Since the Seventh Edition
	References


	102 Enterobacter
	Keywords
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment
	New References Since the Seventh Edition
	References

	103 Extraintestinal Pathogenic Escherichia coli
	Epidemiology
	Urinary Tract Infection
	Bacteremia and Sepsis
	Meningitis
	Peritonitis
	Pneumonia, Endocarditis, and Osteomyelitis

	Pathogenesis
	Urinary Tract Infection
	Bacteremia
	Meningitis

	Clinical Presentation
	Urinary Tract Infection
	Bacteremia and Sepsis
	Meningitis
	Intraabdominal Infection
	Pneumonia

	Diagnosis
	General
	Urinary Tract Infection
	Other Infections

	Treatment
	General
	Urinary Tract Infection
	Other Infections
	Antibiotic Susceptibility

	Outcomes
	General
	Urinary Tract Infection
	Other Infections

	New References Since the Seventh Edition
	References

	104 Diarrhea-Causing and Dysentery-Causing Escherichia coli
	Causative Organisms
	Transmission and Epidemiology
	Enterotoxigenic Escherichia coli
	Enteropathogenic Escherichia coli
	Enterohemorrhagic Escherichia coli
	Enteroinvasive Escherichia coli
	Enteroaggregative Escherichia coli
	Diffusely Adherent Escherichia coli

	Clinical Manifestations
	Enterotoxigenic Escherichia coli
	Enteropathogenic Escherichia coli
	Enterohemorrhagic Escherichia coli
	Enteroinvasive Escherichia coli
	Enteroaggregative Escherichia coli
	Diffusely Adherent Escherichia coli

	Pathogenesis
	Enterotoxigenic Escherichia coli
	Enteropathogenic Escherichia coli
	Enterohemorrhagic Escherichia coli
	Enteroinvasive Escherichia coli
	Enteroaggregative Escherichia coli
	Diffusely Adherent Escherichia coli

	Diagnosis and Differential Diagnosis
	Prognosis
	Treatment
	Prevention
	New References Since the Seventh Edition
	References

	105 Klebsiella
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment
	Acknowledgments
	New References Since the Seventh Edition
	References

	106 Morganella morganii
	History
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment
	Acknowledgments
	New References Since the Seventh Edition
	References

	107 Proteus
	Abstract
	Keywords:
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment
	New References Since the Seventh Edition
	References

	108 Providencia
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment
	Acknowledgments
	New References Since the Seventh Edition
	References

	109 Shigella
	Historical Background
	Bacteriology
	Serogroup Classification

	Epidemiology
	Pathogenesis
	Invasiveness and Toxin Production
	Immune Response

	Pathology
	Clinical Manifestations
	Extraintestinal Manifestations and Complications
	Shigellosis in the Neonatal Period
	Shigellosis in Acquired Immunodeficiency Syndrome

	Laboratory Findings
	Diagnosis
	Isolation Techniques
	Other Diagnostic Methods

	Differential Diagnosis
	Treatment
	Fluid Administration
	Antibiotic Therapy
	Adjunctive Therapy

	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	110 Serratia
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment
	New References Since the Seventh Edition
	References

	111 Salmonella
	Keywords:
	Microbiology
	Taxonomy and Nomenclature
	Epidemiology
	Nontyphoidal Salmonella
	Public Health Issues
	Significance of Animal Reservoirs and Other Food Sources
	Humans as a Reservoir
	Bacterial Characteristics Favoring Survival
	Relationship of Age to Risk for Disease
	Seasonality
	Inoculum Size Required to Cause Disease
	Antibiotic Selection Pressure

	Salmonella Ser. Typhi
	Reservoir
	Relevance of Inoculum Size to Disease
	Antibiotic Resistance


	Pathophysiology
	Host Factors
	Immune Response

	Clinical Manifestations
	Acute Asymptomatic Infection
	Acute Gastroenteritis
	Bacteremia With or Without Metastatic Focal Infection
	Enteric Fever
	Asymptomatic Chronic Carrier State

	Diagnosis
	Differential Diagnosis
	Treatment
	Gastroenteritis
	Extraintestinal Infections
	Typhoid Fever
	Chronic Carriers

	Prevention
	Public Health Measures
	Personal Hygienic Measures
	Infection Control
	Nursery Outbreaks
	Breast-Feeding
	Vaccination

	Prognosis
	New References Since the Seventh Edition
	References

	112 Plague (Yersinia pestis)
	History and Epidemiology
	Bacteriology
	Transmission
	Host
	Vector

	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Differential Diagnosis
	Diagnosis
	Treatment
	Prognosis
	Prevention and Control
	New References Since the Seventh Edition
	References

	113 Other Yersinia Species
	Historical Aspects
	Microbiology
	Genomes and Typing of Yersinia Strains

	Epidemiology
	Yersinia enterocolitica
	Animal Reservoirs
	Foods and Water
	Incubation, Carriage, and Transmission in Humans
	Yersinia Enterocolitica and Blood Transfusion–Related Sepsis
	Prevention of Disease

	Yersinia pseudotuberculosis

	Pathology
	Yersinia enterocolitica
	Yersinia pseudotuberculosis

	Pathogenesis
	Bacterial Determinants of Mucosal Invasion
	Yersinia Adhesin A
	Virulence Plasmid and Type III Secretion System
	Summary of Yersinia Pathogenesis
	Iron Metabolism and Virulence
	Enterotoxin Production
	Gastric Acidity as a Protective Host Factor

	Clinical Manifestations
	Yersinia enterocolitica
	Enterocolitis
	Pseudoappendicitis-Mesenteric Adenitis
	Asymptomatic Infection
	Other Presentations of Acute Infection
	Underlying Conditions That Predispose to Bacteremia

	Postinfectious Syndromes
	Yersinia pseudotuberculosis
	Yersinia pseudotuberculosis and Kawasaki Disease–Like Illness


	Differential Diagnosis
	Diagnosis
	Serology
	Molecular Techniques

	Treatment
	Vaccines
	Other Yersinia Species
	New References Since the Seventh Edition
	References

	114 Miscellaneous Enterobacteriaceae
	Edwardsiella tarda
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis and Treatment

	Hafnia alvei
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis and Treatment

	Pantoea agglomerans
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment

	Acknowledgments
	New References Since the Seventh Edition
	References

	115 Aeromonas
	Keywords
	Epidemiology
	Etiologic Agent
	Pathogenesis
	Clinical Manifestations
	Diagnosis and Differential Diagnosis
	Treatment and Prognosis
	New References Since the Seventh Edition
	References

	116 Pasteurella multocida
	The Organism
	Transmission
	Epidemiology
	Pathogenesis and Pathology
	Animal Infection
	Human Infection

	Clinical Manifestations
	Diagnosis and Treatment
	Prognosis and Prevention
	New References Since the Seventh Edition
	References

	117 Cholera
	History
	Microbiology
	Pathogenesis
	Epidemiology
	Clinical Manifestations
	Laboratory Findings and Diagnosis
	Treatment
	Prevention
	New References Since the Seventh Edition
	References

	118 Vibrio parahaemolyticus
	Bacteriology
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Complications
	Diagnosis
	Treatment
	Prevention and Control
	New References Since the Seventh Edition
	References

	119 Vibrio vulnificus
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment
	Prevention
	New References Since the Seventh Edition
	References

	120 Miscellaneous Non-Enterobacteriaceae Fermentative Bacilli
	Chromobacterium Violaceum
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment

	Plesiomonas Shigelloides
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment

	Other Pasteurella Organisms
	Bacteriology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment

	Acknowledgments
	New References Since the Seventh Edition
	References

	121 Acinetobacter
	Organism
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Intracranial Infection
	Bacteremia
	Respiratory Tract Infections
	Miscellaneous Infections

	Diagnosis
	Treatment
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	122 Achromobacter (Alcaligenes)
	Keywords
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis and Treatment
	New References Since the Seventh Edition
	References

	123 Eikenella corrodens
	Keywords:
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment
	Acknowledgments
	New References Since the Seventh Edition
	References

	124 Elizabethkingia and Chryseobacterium Species
	Bacteriology
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment
	Acknowledgments
	New References Since the Seventh Edition
	References

	125 Pseudomonas and Related Genera
	Etiology
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Previously Healthy Children
	Burn Wounds
	Cystic Fibrosis
	Malignancy, Immunosuppression, and Other Predisposing Conditions

	Diagnosis and Differential Diagnosis
	Treatment
	Selection of Antimicrobial Therapy
	Mechanisms of Antibiotic Resistance and In Vitro Susceptibility Testing

	Prevention
	Prognosis
	New References Since the Seventh Edition
	References

	126 Stenotrophomonas (Xanthomonas) maltophilia
	Bacteriology and Pathogenesis
	Epidemiology
	Pathogenesis
	Diagnosis and Clinical Syndromes
	Prevention
	Treatment
	New References Since the Seventh Edition
	References

	Subsection V Gram-Negative Coccobacilli
	127 Aggregatibacter Species
	Aggregatibacter Actinomycetemcomitans
	New References Since the Seventh Edition
	References


	128 Brucellosis
	Keywords
	History
	Etiology
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment
	Relapse and Chronic Brucellosis
	New References Since the Seventh Edition
	References

	129 Pertussis and Other Bordetella Infections
	History
	Microbiology
	Etiology of Pertussis (Whooping Cough)
	Antigenic and Biologically Active Components of Bordetella Pertussis
	Pertussis Toxin
	Adenylate Cyclase Toxin
	Fimbriae
	Filamentous Hemagglutinin
	Autotransporters
	Pertactin
	Other Autotransporters

	Lipopolysaccharide (Endotoxin)
	Polysaccharide Capsule

	Epidemiology
	Reported Pertussis Cases
	Incidence
	Morbidity and Mortality
	Season, Geography, Race, Ethnicity, and Sex
	Transmission

	Bordetella pertussis Infection

	Pathology
	Pathogenesis and Immunity
	Clinical Manifestations
	Classic Illness
	Mild Illness and Asymptomatic Infection
	Infants
	Adults

	Differential Diagnosis
	Diagnosis
	Treatment
	Prognosis
	Prevention
	Vaccine Efficacy
	Whole-Cell Vaccines
	Acellular Vaccines

	Adverse Events
	Whole-Cell Vaccines
	Acellular Vaccines

	Schedules and Contraindications
	Isolation and Prophylactic Measures

	Other Bordetella Infections
	Bordetella parapertussis Infection
	Bordetella bronchiseptica Infection
	Bordetella hinzii Infection
	Bordetella holmesii Infection
	Bordetella trematum Infection
	Bordetella ansorpii Infection
	Bordetella petrii Infection
	Bordetella avium Infection

	New References Since the Seventh Edition
	References

	130 Klebsiella granulomatis
	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Diagnosis
	Treatment
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	131 Campylobacter jejuni
	Keywords
	History
	Organism
	Epidemiology
	Pathology
	Pathogenesis
	Immunity
	Clinical Manifestations
	Enteritis
	Extraintestinal Infections
	Perinatal Infections
	Immunoreactive and Other Complications

	Diagnosis
	Treatment
	Prevention
	New References Since the Seventh Edition
	References

	132 Tularemia
	History
	Etiology
	Epidemiology
	Pathogenesis
	Bacterial and Host Interactions
	Invasion and Disease Production

	Clinical Manifestations
	Ulceroglandular and Glandular Tularemia
	Oropharyngeal Tularemia
	Oculoglandular Tularemia
	Typhoidal Tularemia
	Pneumonic Tularemia
	Additional Clinical Manifestations

	Diagnosis
	Treatment
	Prevention
	New References Since the Seventh Edition
	References

	133 Haemophilus influenzae
	Keywords
	MICROBIOLOGY
	Morphologic and Cultural Characteristics
	Capsular Polysaccharides
	Noncapsular Cell Wall Antigens: Proteins
	Noncapsular Cell Wall Antigens: Lipooligosaccharide
	IgA Proteases
	Population Structure
	Antibiotic Resistance

	PATHOGENESIS
	Acquisition and Carriage of Organisms
	Pathogenesis of Mucosal Infections
	Pathogenesis of Invasive Disease
	Meningitis

	IMMUNOLOGY
	Anticapsular Antibody
	Class- and Subclass-Specific Antibody
	Genetic Factors
	Complement
	Phagocytosis

	EPIDEMIOLOGY
	Haemophilus influenzae Type b
	Non–type b Encapsulated Haemophilus influenzae
	Nontypeable Haemophilus influenzae

	CLINICAL MANIFESTATIONS
	Bacteremia
	Meningitis
	Pneumonia
	Epiglottitis
	Joint Infection
	Cellulitis
	Pericarditis
	Neonatal Disease
	Other Invasive Infections
	Diseases Caused by Non–Type b H. influenzae
	Mucosal Infections


	DIAGNOSIS
	TREATMENT
	Invasive Disease
	Noninvasive Disease

	PREVENTION
	Active Immunization
	Passive Immunization
	Impact of H. influenzae Type b Vaccination
	Chemoprophylaxis

	CONCLUSIONS
	Acknowledgements
	New References Since the Seventh Edition
	References

	134 Other Haemophilus Species (Ducreyi, Haemolyticus, Influenzae Biogroup Aegyptius, Parahaemolyticus, and Parainfluenzae) and Aggregatibacter (Haemophilus) aphrophilus
	Keywords
	Aggregatibacter (Haemophilus) aphrophilus
	Bacteriology
	Epidemiology and Pathogenesis
	Clinical Manifestations
	Treatment

	Haemophilus ducreyi
	Bacteriology
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment and Prevention

	Haemophilus influenzae Biogroup Aegyptius (Haemophilus aegyptius)
	Bacteriology
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Treatment

	Haemophilus parainfluenzae
	Bacteriology
	Epidemiology and Pathogenesis
	Clinical Manifestations
	Treatment

	New References Since the Seventh Edition
	References

	135 Helicobacter pylori
	Background
	Microbiology and Pathophysiology
	Epidemiology
	Clinical Manifestations
	Diagnosis
	Treatment
	Persistence and Resistance
	Methods of Testing Resistance
	Gastric biopsy culture.
	Molecular methods.



	Future Directions
	New References Since The Seventh Edition
	References

	136 Kingella kingae
	History
	Microbiology
	Epidemiology
	Carriage and Transmission
	Invasive Disease
	Day Care Facility Attendance

	Pathogenesis and Immunity
	Clinical Manifestations
	Osteoarticular Infections

	Diagnosis
	Treatment
	Prevention
	New References Since the Seventh Edition
	References

	137 Legionnaires’ Disease, Pontiac Fever, and Related Illnesses
	History
	Etiologic Agent
	Epidemiology
	Incidence and Frequency
	Disease Outbreaks

	Pathology, Pathogenesis, and Immunity
	Clinical Manifestations of Legionnaires’ Disease
	Signs and Symptoms
	Radiographic Findings
	Laboratory Findings

	Treatment
	Response to Treatment

	Differential Diagnosis
	Clinical Syndromes Caused by Other Legionella Species
	Pontiac Fever
	Clinical Manifestations
	Diagnosis
	Treatment

	Acknowledgment
	New References Since the Seventh Edition
	References

	138 Streptobacillus moniliformis (Rat-Bite Fever)
	History
	Epidemiology
	Bacteriology
	Clinical Manifestations
	Haverhill Fever

	Pathophysiology and Pathology
	Diagnosis
	Treatment and Prevention
	Prevention
	Acknowledgment

	New References Since the Seventh Edition
	References

	139 Bartonella Infections
	Definition
	Microbiology
	Cat-Scratch Disease
	Etiology
	Transmission
	Epidemiology
	Pathobiology
	Clinical Manifestations and Course

	Endocarditis
	Epidemiology
	Clinical Manifestations

	Bartonellosis (Carrión Disease)
	Epidemiology
	Pathobiology
	Clinical Manifestations

	Trench Fever
	Epidemiology
	Clinical Manifestations

	Bacillary Angiomatosis and Bacillary Peliosis Hepatis
	Etiology
	Clinical Manifestations

	Diagnosis
	Cat-Scratch Disease
	Endocarditis
	Bartonellosis
	Trench Fever
	Bacillary Angiomatosis and Bacillary Peliosis Hepatis

	Treatment
	Cat-Scratch Disease
	Endocarditis
	Bartonellosis
	Trench Fever
	Bacillary Angiomatosis and Bacillary Peliosis Hepatis

	Prognosis and Prevention
	New References Since The Seventh Edition
	References

	Subsection VI Treponemataceae
	140 Lyme Disease
	Organisms
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Early Localized Disease
	Erythema Migrans

	Early Disseminated Disease
	Multiple Erythema Migrans
	Neurologic Manifestations
	Carditis
	Acute Generalized Illness
	Borrelia mayonii Infection

	Late Disseminated Disease
	Arthritis
	Late Neurologic Disease

	Other Manifestations
	Asymptomatic Seroconversion
	Acrodermatitis Chronica Atrophicans
	Borrelial Lymphocytoma
	Coinfection With Other Ixodes Tick-Borne Pathogens
	Lyme Disease in Pregnancy


	Diagnosis
	Treatment and Prognosis
	Prevention and Management of Ixodes Tick Bites
	Prevention of Tick Bites
	Preventing Infection After an Ixodes Tick Bite

	New References Since the Seventh Edition
	References


	141 Relapsing Fever
	Organism
	Transmission
	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Diagnosis and Differential Diagnosis
	Treatment
	New References Since the Seventh Edition
	References

	142 Leptospirosis
	History
	Epidemiology
	Animal Reservoirs
	Transmission of Leptospires to Humans

	Pathophysiology
	Clinical Manifestations
	Anicteric Leptospirosis
	Icteric Leptospirosis (Weil Syndrome)
	Severe Pulmonary Form of Leptospirosis

	Indicators of Prognosis
	Laboratory Diagnosis
	Identification by Culture
	Identification by Means Other Than Culture
	Serologic Tests

	Treatment
	Prevention
	New References Since the Seventh Edition
	References

	143 Spirillum minus (Rat-Bite Fever)
	Bacteriology
	Epidemiology and Pathology
	Clinical Manifestations
	Diagnosis
	Treatment
	References

	144 Syphilis
	Organism
	Transmission
	Acquired Syphilis
	Congenital Syphilis

	Epidemiology
	Pathology
	Pathogenesis and Immune Response
	Treponemal Virulence–Associated Factors
	Host Response

	Clinical Manifestations
	Acquired Syphilis
	Primary Disease
	Secondary Disease
	Latent Disease
	Tertiary Disease
	Neurosyphilis
	Cardiovascular Syphilis

	Syphilis in Pregnancy
	Congenital Syphilis
	Early Congenital Syphilis
	Skeletal system.
	Rhinitis.
	Rash.
	Fissures and mucous patches.
	Hematologic findings.
	Central nervous system involvement.
	Pneumonia.
	Hepatosplenomegaly.
	Ectodermal changes.
	Other findings.

	Late Congenital Syphilis
	Dentition.
	Interstitial keratitis.
	Central nervous system.
	Eighth cranial nerve deafness.
	Bone and joint changes.
	Cutaneous lesions.



	Diagnosis
	Serologic Tests
	Nontreponemal Tests
	Treponemal Tests
	IgM Tests
	Polymerase Chain Reaction Assay
	False-Positive Reactions
	Acute biologic false-positive reactions.
	Chronic biologic false-positive reactions.


	Evaluation and Diagnosis of Early Congenital Syphilis

	Treatment
	Acquired Syphilis
	Syphilis in Pregnancy
	Congenital Syphilis
	Infants With Proven or Highly Probable Disease
	Infants With a Normal Physical Examination and a Serum Quantitative Nontreponemal Serologic Titer the Same or Less Than Fourfold the Maternal Titer


	Follow-Up Evaluation
	Prevention
	New References Since The Seventh Edition
	References

	145 Nonvenereal Treponematoses
	Keywords
	Pinta
	Biology and Immunology
	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Prognosis

	Yaws
	Biology and Immunology
	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Prognosis

	Endemic Syphilis
	Biology and Immunology
	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Prognosis

	Diagnosis
	Treatment and Prevention
	Future Considerations
	New References Since the Seventh Edition
	References

	Subsection VII Anaerobic Bacteria
	146 Clostridial Intoxication and Infection
	Botulism
	Epidemiology and Etiology
	Pathophysiology
	Clinical Manifestations
	Differential Diagnosis
	Specific Diagnosis
	Treatment
	Prognosis
	Prevention

	Clostridial Infections
	Epidemiology
	Pathophysiology

	Clinical Manifestations
	Gas Gangrene or Myonecrosis
	Soft Tissue Infection
	Bacteremia and Sepsis

	Septic Abortion and Puerperal Sepsis
	Neonatal Sepsis and Meningitis
	Pseudomembranous Colitis (C. difficile)
	Food Poisoning and Other Enteric Infections

	Miscellaneous Infections Caused by Clostridia
	Specific Diagnosis
	Treatment
	Prognosis
	Prevention

	New References Since the Seventh Edition
	References


	147 Infant Botulism
	Keywords
	History
	Etiologic Agent
	Pathogenesis
	Epidemiology
	Clinical Manifestations
	Differential Diagnosis and Diagnosis
	Treatment
	Outcome and Prognosis
	Prevention
	Suggested Reading
	New References Since the Seventh Edition
	References

	148 Tetanus
	Keywords
	History
	Microbiology
	Epidemiology
	Source of Exposure
	Incidence

	Pathogenesis
	Pathophysiology
	Motor End Plates in Skeletal Muscle
	Spinal Cord
	Brain
	Sympathetic Nervous System

	Clinical Manifestations
	Local Tetanus
	Generalized Tetanus
	Injection Drug Users
	Neonatal Tetanus

	Diagnosis
	Differential Diagnosis
	Specific Diagnosis

	Treatment
	Prognosis
	Cause of Death

	Prevention
	Active Immunization
	Tetanus Prophylaxis in Wound Management
	Neonatal Tetanus

	New References Since the Seventh Edition
	References

	149 Actinomycosis
	Microbiology
	Pathogenesis
	Pathology
	Clinical Manifestations
	Diagnosis
	Treatment
	New References Since the Seventh Edition
	References

	150 Bacteroides, Fusobacterium, Prevotella, and Porphyromonas
	Bacteriology and Taxonomy
	Bacteroides Species
	Prevotella Species and Porphyromonas Species
	Fusobacterium Species

	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Bacteremia and Endocarditis
	Head and Neck Infections
	Odontogenic Infections
	Perioral Infections
	Tonsillitis
	Lemierre Disease
	Deep Neck Infections
	Otitis Media and Mastoiditis
	Rhinosinusitis

	Central Nervous System
	Intraabdominal Infections
	Skin and Soft Tissue Infections
	Bone and Joint Infections
	Pleuropulmonary Infections

	Diagnosis
	Treatment
	Penicillins and Penicillin/β-Lactamase Inhibitor Combinations
	Cephalosporins
	Carbapenems
	Metronidazole
	Clindamycin
	Quinolones
	Tetracyclines
	Oxazolidinones

	Prevention
	Acknowledgment

	New References Since the Seventh Edition
	References

	17 ■ Viral Infections
	151 Classification and Nomenclature of Viruses
	References


	Subsection I DNA—Parvoviridae
	152 Human Parvovirus B19
	Keywords:
	History
	Properties of the Virus
	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Erythema Infectiosum
	Other Exanthems
	Aplastic Crisis
	Other Hematologic Manifestations
	Arthritis and Arthralgia
	Infection in Immunocompromised Patients
	Intrauterine Infection
	Neurologic Illness
	Myocarditis
	Acute Hepatitis
	Other Illnesses

	Differential Diagnosis
	Diagnosis
	Treatment and Prognosis
	Prevention
	New References Since Seventh Edition
	References


	153 Human Bocaviruses
	History
	Properties
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Respiratory Illness
	Upper Respiratory Tract Infections
	Lower Respiratory Tract Infections

	Gastrointestinal Illness
	Infections in Immunocompromised Patients
	Other Clinical Findings

	Diagnosis
	Differential Diagnosis
	Specific Diagnosis

	Treatment
	Prognosis
	New References Since the Seventh Edition
	References

	Subsection II DNA—Polyomaviridae
	154 Human Polyomaviruses
	History
	Virology
	Epidemiology
	Clinical Manifestations
	Central Nervous System Manifestations
	Urinary Tract Manifestations
	Cutaneous Manifestations
	Pulmonary Manifestations
	Other Manifestations
	Malignancies


	Laboratory Diagnosis
	Treatment and Prevention
	New References Since the Seventh Edition
	References


	155 Human Papillomaviruses
	History
	Virology
	Epidemiology
	Female-Specific HPV-Associated Malignancies
	Male-Specific HPV-Associated Malignancies
	HPV-Associated Malignancies in Males and Females
	HPV-Associated Oral and Oropharyngeal Cancers
	HPV-Associated Malignancies in Persons With HIV
	HPV and Sexual Abuse

	Clinical Manifestations
	Cutaneous Warts
	Epidermodysplasia Verruciformis
	Infections of Male and Female Genital Tracts
	Female-Specific Disease
	Male-Specific Disease
	Recurrent Respiratory Papillomatosis
	Upper Respiratory Tract Papillomas
	Gastrointestinal Disease
	Oropharyngeal Cancer
	Anal Cancer


	Laboratory Diagnosis
	Electron Microscopy
	Cell Culture
	Serology
	Cytology
	Colposcopy
	Histology
	Molecular Methods That Detect Human Papillomavirus DNA
	In Situ Hybridization


	Treatment
	Prevention
	Quadrivalent HPV Vaccine
	Quadrivalent HPV Vaccine Efficacy
	Females.
	Males.

	Bivalent HPV Vaccine
	Bivalent Vaccine Efficacy

	9-Valent Vaccine
	Two-Dose HPV Vaccination Regimens
	Population Effectiveness of HPV Vaccines
	HPV Vaccine Safety
	HPV Vaccine Immunogenicity in Immunocompromised Patients
	Vaccine Limitations

	New References Since the Seventh Edition
	References

	Subsection III DNA—Adenoviridae
	156 Adenoviruses
	Keywords:
	History
	Properties of the Virus
	Classification
	Physical Properties
	Antigenic Composition
	Tissue Culture Growth
	Virus Multiplication
	Animal Susceptibility
	Adeno-Associated Viruses

	Epidemiology
	General Prevalence
	Age, Incidence, and Prevalence
	Military Recruits
	Geographic Distribution
	Seasonal Patterns
	Host and Social Factors
	Spread of Infection

	Pathogenesis and Pathology
	Viral Infection
	Coinfections
	Pathology
	Immunologic Events

	Clinical Manifestations
	Respiratory Tract
	Common Cold
	Nasopharyngitis, Pharyngitis, and Tonsillitis
	Acute Respiratory Disease
	Acute Laryngotracheitis
	Acute Bronchiolitis
	Pneumonia
	Young children.
	Atypical pneumonia in military recruits.
	Pertussis-like syndrome.
	Bronchiolitis obliterans.
	Unilateral hyperlucent lung.


	Eye
	Acute Follicular Conjunctivitis
	Pharyngoconjunctival Fever
	Epidemic Keratoconjunctivitis

	Skin
	Genitourinary Tract
	Acute Hemorrhagic Cystitis
	Nephritis
	Orchitis
	Oculogenital Syndrome
	Hemolytic-Uremic Syndrome
	Hemorrhagic Fever With Renal Syndrome

	Gastrointestinal Tract
	Gastroenteritis
	Mesenteric Lymphadenitis
	Intussusception
	Appendicitis
	Hepatitis

	Heart
	Myocarditis
	Dilated Cardiomyopathy
	Pericarditis

	Nervous System
	Infection in Immunocompromised Hosts
	Other Manifestations
	Arthritis
	Thyroiditis
	Adrenal Insufficiency
	Deafness
	Obesity

	Congenital and Neonatal Infections

	Diagnosis
	Differential Diagnosis
	Specific Diagnosis

	Treatment
	Prevention
	Prognosis
	New References Since the Seventh Edition
	References


	Subsection IV DNA—Hepatoviridae
	157 Hepatitis B and D Viruses
	Hepatitis B Virus
	Biology
	Molecular Virology
	Viral Life Cycle Overview
	Viral binding and cell entry.

	Genomic Replication
	Viral Assembly and Release

	Immunopathogenesis
	Epidemiology and Transmission
	Natural History
	Carcinogenesis

	Histopathologic Features
	Biomarkers

	Imaging
	Treatment
	Interferon

	HBV Polymerase Inhibitors
	Lamivudine
	Adefovir Dipivoxil
	Tenofovir
	Entecavir

	Hepatitis B in Special Populations
	Hepatitis B and Human Immunodeficiency Virus Coinfection
	Hepatitis B in Solid-Organ Transplant Recipients

	Immunoprophylaxis
	Hepatitis B Immunoglobulin
	Hepatitis B Vaccine
	Others who should receive hepatitis B vaccine.
	Vaccine side effects and adverse reactions.
	Contraindications.

	Recommendations to Prevent Household Transmission

	Future Strategies/Targets for Treatment

	Hepatitis D
	Virology
	Epidemiology
	Immunopathogenesis
	Diagnosis
	Clinical Manifestations
	Treatment
	Future Therapies

	Immunoprophylaxis

	Acknowledgment
	New References Since the Seventh Edition
	References


	Subsection V DNA—Herpesviridae
	158 Herpes Simplex Viruses 1 and 2
	The Viruses
	Transmission
	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Gingivostomatitis
	Pharyngitis, Tonsillitis, Epiglottitis, Supraglottitis, Laryngotracheitis
	Vulvovaginitis, Genital Herpes Infections
	Primary Herpetic Skin Infections
	Infection of the Eye
	Infections of the Central Nervous System
	Infection of the Gastrointestinal Tract in Normal Hosts
	Recurrent Infections
	Erythema Multiforme
	HSV Infection in Immunocompromised Hosts
	Fetus and Newborn

	Diagnosis
	Viral Culture
	Direct Detection of HSV-Infected Cells
	Polymerase Chain Reaction Assays
	Serologic Diagnosis
	Genetic Analysis for Molecular Epidemiology
	Antiviral Drug Susceptibility Testing

	Prognosis, Complications, and Sequelae
	Treatment
	Oral HSV Infection
	HSV Keratitis
	HSV Encephalitis
	Genital HSV Infection
	Mucocutaneous HSV Infection in Immunocompromised Hosts
	Neonatal Herpes Simplex Virus Infection
	Acyclovir-Resistant HSV Infection
	Prevention and Infection Control
	Immunoprophylaxis and Chemoprophylaxis

	New References Since the Seventh Edition
	References


	159 Cytomegalovirus
	History
	Virology
	Epidemiology
	Pregnancy
	Congenital Infection
	Perinatal Infection
	Postnatal Infection in Childhood
	Infection in Adolescents
	Intrafamilial Transmission
	Sexual Transmission
	Nosocomial Health Care−Related Transmission
	Immunosuppressed Patients

	Pathology, Pathogenesis, and Immunity
	Clinical Manifestations
	Fetal and Congenital Infections
	Perinatal Infections
	Mononucleosis Syndrome
	Interstitial Pneumonitis
	Retinitis and Other Eye Abnormalities
	Hepatitis
	Gastrointestinal Disease
	Meningoencephalitis and Other Neurologic Disorders
	Deafness and Other Ear Disorders
	Myocarditis and Other Cardiovascular Disorders
	Endocrine System
	Genitourinary System
	Skin
	Unusual Associations

	Laboratory Diagnosis
	Detection of the Infectious Agent
	Serology
	Laboratory Diagnosis of Specific Clinical Syndromes
	Pregnancy
	Congenital Infection
	Perinatal and Postnatal Infection
	Cytomegalovirus Syndromes in Immunocompromised Hosts


	Treatment
	Prevention
	Blood Product, Human Milk, and Transplant Donor Selection
	Passive Immunoprophylaxis
	Prophylaxis and Early Preemptive Therapy With Antiviral Agents
	Active Immunization
	Behavioral Strategies to Prevent Primary Cytomegalovirus Infection in Pregnancy

	New References Since the Seventh Edition
	References

	160 Epstein-Barr Virus
	History
	Virology
	Structure and Genome
	Molecular Biology
	Replication
	Latency
	EBNA
	Latent Membrane Proteins
	EBERs
	BHRF1 and BALF1
	BARTs
	MicroRNAs

	Transformation
	EBV Genome Variation

	Immunopathogenesis
	Infectious Mononucleosis
	Epstein-Barr Virus–Associated Tumors

	Histopathology
	Infectious Mononucleosis
	Epstein-Barr Virus–Associated Malignant Diseases
	Other Epstein-Barr Virus–Associated Diseases

	Epidemiology
	Seroprevalence
	Incidence
	Viral Shedding

	Transmission
	Common Modes of Transmission
	Transmission via Blood Products or Transplanted Organs
	Intrauterine and Perinatal Transmission
	Sexual Transmission


	Nonmalignant Clinical Syndromes Associated With EBV Infection
	Infectious Mononucleosis
	Acute Phase
	Resolution Phase
	Infectious Mononucleosis in Young Children

	Disseminated EBV Infection in X-Linked Lymphoproliferative Disease
	Hemophagocytic Lymphohistiocytosis
	Chronic Active Disease
	Congenital Infection
	Other Diseases

	Complications of Infectious Mononucleosis
	Exanthems
	Ampicillin Rash
	Other Exanthems

	Cardiac
	Hematologic
	Hemolytic Anemia
	Aplastic Anemia
	Thrombocytopenia
	Neutropenia
	Pancytopenia

	Spleen
	Gastrointestinal Tract
	Liver
	Other

	Neurologic
	Encephalitis and Aseptic Meningitis
	Other CNS Manifestations
	Non-CNS Neurologic Complications

	Renal
	Respiratory Tract
	Airway Obstruction
	Neck Abscesses
	Pulmonary Disease

	Psychiatric
	Chronic Fatigue
	“Alice in Wonderland” Syndrome

	Miscellaneous Complications

	Malignant Diseases Associated With Epstein-Barr Virus
	Burkitt Lymphoma
	Hodgkin Lymphoma
	Nasopharyngeal Carcinoma
	Posttransplant Lymphoproliferative Disease
	Lymphoproliferative Disease in Other Immunodeficient Patients
	Other Malignant Diseases
	Epstein-Barr Virus and Human Immunodeficiency Virus
	Lymphomas
	Smooth Muscle Tumor
	Lymphocytic Interstitial Pneumonitis
	Oral Hairy Leukoplakia


	Diagnosis of Infectious Mononucleosis
	General Laboratory Findings
	Epstein-Barr Virus Antibodies
	Epstein-Barr Virus Nucleic Acid (DNA or RNA)
	Epstein-Barr Virus Proteins
	Virus Isolation
	Electron Microscopy
	Imaging Studies
	Differential Diagnosis
	Infectious Mononucleosis
	Other EBV-Associated Disorders


	Treatment
	Infectious Mononucleosis
	Supportive Care
	Antiviral Treatment

	Epstein-Barr Virus-Associated Malignant Diseases
	Posttransplant Lymphoproliferative Disease
	B-Cell Lymphoma
	Hodgkin Lymphoma
	Nasopharyngeal Carcinoma

	Nonmalignant Epstein-Barr Virus-Associated Diseases
	XLP
	HLH
	CAEBV Infection
	HIV-Associated Diseases


	Prognosis
	Prevention
	Vaccine
	Prevention of Posttransplant Lymphoproliferative Disease

	New References Since The New Edition
	References

	161 Human Herpesviruses 6A, 6B, 7, and 8
	Keywords:
	Human Herpesviruses 6A, 6B, and 7
	Diseases Caused by HHV-6A, HHV-6B, and HHV-7
	Neurologic Complications
	Pathogenesis of HHV-6 and HHV-7 Infection
	Diagnosis
	Treatment of HHV-6 Infection

	Kaposi Sarcoma Herpesvirus (Human Herpesvirus 8)
	Diseases Caused by Kaposi Sarcoma-Associated Herpesvirus
	Transmission of HHV-8 Among Children
	Hemophagocytic Lymphohistiocytosis
	Diagnosis and Treatment of HHV-8 Infection

	New References Since the Seventh Edition
	References

	162 Varicella-Zoster Virus
	The Organism
	Transmission
	Epidemiology
	Pathogenesis
	Nosocomial Varicella
	Clinical Manifestations
	Varicella
	Complications of Varicella
	Congenital Varicella Syndrome

	Zoster
	Complications of Zoster


	Diagnosis
	Clinical Diagnosis of Varicella and Zoster
	Laboratory Diagnosis

	Treatment
	Prognosis
	Prevention
	Passive Immunization Against Varicella
	Active Immunization Against Varicella
	Safety
	Effectiveness

	Drug Prophylaxis

	New References Since the Seventh Edition
	References

	Subsection VI DNA—Poxviridae
	163 Smallpox (Variola Virus)
	Keywords
	History*
	Etiology
	Epidemiology
	Pathology
	Clinical Manifestations
	Differential Diagnosis
	Specific Diagnosis
	Treatment
	Prevention
	Active Immunization
	Side Effects and Adverse Events of Smallpox Vaccines
	Smallpox Vaccine Availability

	New References Since the Seventh Edition
	References


	164 Monkeypox and Other Poxviruses
	Properties of the Viruses
	Classification
	Structure

	Specific Viruses and Their Illnesses
	Monkeypox Virus
	Epidemiology
	Clinical Features
	Diagnosis
	Treatment and Prevention
	Bioterrorism Concerns

	Cowpox Virus
	Vaccinia Virus
	Recombinant Vaccinia Virus

	Camelpox
	Orf Virus
	Other Parapoxviruses
	Yatapoxviruses
	Molluscum Contagiosum Virus

	Diagnosis and Differential Diagnosis
	New References Since the Seventh Edition
	References

	165 Mimiviruses
	Structure and Properties
	Viral Replication
	Animal Susceptibility
	Mimivirus Infection in Humans
	Prevalence of Antibodies to Mimivirus in Patients With Pneumonia

	Diagnostic Methods
	Mimivirus as an Emerging Pathogen
	New References Since the Seventh Edition
	References

	Subsection I RNA—Picornaviridae
	166 Enteroviruses, Parechoviruses, and Saffold Viruses
	History
	The Viruses
	Classification
	Morphology and Replication
	Replication Characteristics and Host Systems
	Antigenic Characteristics
	Host Range

	Epidemiology
	Transmission
	Geographic Distribution and Season
	Prevalence of Different Types

	Pathogenesis and Pathology
	Events During Pathogenesis
	Factors That Affect Pathogenesis

	Pathology
	Coxsackieviruses A
	Coxsackieviruses B
	Heart
	Brain and Spinal Cord
	Other Organs

	Echoviruses
	Enteroviruses
	Enterovirus D68
	Enterovirus 71

	Parechoviruses
	Saffold Virus
	Polioviruses

	Clinical Manifestations: Nonpolio Enteroviruses, Parechoviruses, and Saffold Viruses
	Asymptomatic Infection
	Nonspecific Febrile Illness
	Respiratory Manifestations
	Common Cold
	Pharyngitis (Pharyngitis, Tonsillitis, Tonsillopharyngitis, and Nasopharyngitis)
	Other Intraoral Manifestations
	Herpangina.
	Acute lymphonodular pharyngitis.
	Stomatitis and other lesions in the anterior of the mouth.

	Parotitis
	Croup
	Bronchitis (Not Including Enterovirus D68)
	Bronchiolitis and Infectious Asthma (Not Including Enterovirus D68)
	Pneumonia (Not Including Enterovirus D68)
	Enterovirus D68 (Bronchitis, Bronchiolitis, and Pneumonia)
	Pleurodynia (Bornholm Disease)

	Gastrointestinal Manifestations
	Vomiting
	Diarrhea
	Constipation
	Abdominal Pain
	Peritonitis, Pseudoperitonitis, Appendicitis, Pseudo-obstruction, Mesenteric Adenitis, and Intussusception
	Hepatitis
	Pancreatitis
	Diabetes Mellitus

	Eye Findings
	Acute Hemorrhagic Conjunctivitis
	Conjunctivitis Associated With Other Enteroviral Illness
	Photophobia
	Other Eye Findings

	Cardiovascular Manifestations
	Pericarditis, Myocarditis, and Dilated Cardiomyopathy
	Other Cardiac Manifestations

	Genitourinary Manifestations
	Orchitis and Epididymitis
	Nephritis
	Other Genitourinary Findings

	Hematologic Findings
	Muscle and Joint Manifestations
	Arthritis
	Myositis

	Skin Manifestations
	Coxsackievirus A2
	Coxsackievirus A3
	Coxsackievirus A4
	Coxsackievirus A5
	Coxsackievirus A6
	Coxsackievirus A7
	Coxsackievirus A9
	Coxsackievirus A10
	Coxsackievirus A16
	Coxsackievirus B1
	Coxsackievirus B2
	Coxsackievirus B3
	Coxsackievirus B4
	Coxsackievirus B5
	Coxsackievirus B6
	Echovirus 1
	Echovirus 2
	Echovirus 3
	Echovirus 4
	Echovirus 5
	Echovirus 6
	Echovirus 7
	Echovirus 9
	Echovirus 11
	Echovirus 13
	Echovirus 14
	Echovirus 16
	Echovirus 17
	Echovirus 18
	Echovirus 19
	Echovirus 21
	Echovirus 24
	Echovirus 25
	Echovirus 30
	Echovirus 32
	Echovirus 33
	Enterovirus 71
	Parechoviruses
	Clinical Exanthematous Manifestations and Syndromes

	Neurologic Manifestations
	Aseptic Meningitis
	Encephalitis
	Paralysis
	Guillain-Barré Syndrome and Transverse Myelitis
	Other Neurologic Illnesses

	Chronic Fatigue Syndrome and Fibromyalgia
	Sudden Infant Death
	Chronic Enteroviral Infections in Immunocompromised Patients
	Congenital Infections
	Abortion
	Congenital Malformations
	Prematurity and Stillbirth


	Neonatal Infections
	Epidemiology and Pathogenesis
	Clinical Manifestations
	Inapparent Infection
	Mild, Nonspecific Febrile Illness
	Sepsis-Like Illness
	Respiratory Illness
	Gastrointestinal Manifestations
	Cardiovascular Manifestations
	Exanthem
	Neurologic Manifestations


	Clinical Manifestations: Poliovirus
	Minor Illness (Abortive Poliomyelitis)
	Nonparalytic Poliomyelitis (Aseptic Meningitis)
	Paralytic Poliomyelitis
	Congenital Infections
	Abortion
	Congenital Malformations
	Prematurity and Stillbirth

	Neonatal Infections
	General Infections
	Infection Acquired in Utero
	Postnatally Acquired Infection


	Diagnosis and Differential Diagnosis
	Clinical Diagnosis
	Laboratory Diagnosis
	Virus Isolation and Detection Techniques
	Serology
	Histology

	Differential Diagnosis

	Treatment
	Specific Therapy
	Nonspecific Therapy
	Mild, Nonspecific Febrile Illness
	Myocarditis
	Meningoencephalitis
	Poliomyelitis


	Prognosis
	Prevention
	Nonpolio Enteroviral Vaccines and Immune Globulin
	Polioviral Vaccines
	Global Eradication of Poliomyelitis

	New References Since the Seventh Edition
	References


	167 Rhinoviruses
	Keywords
	History
	Organism
	Structure of the Virion
	Virus Life Cycle
	Host Range
	Animals
	Cell and Tissue Cultures

	Antigenic Properties

	Epidemiology
	Seasonal Distribution
	Cycling and Circulation of Individual Rhinovirus Types
	Predominating Rhinovirus Types
	Median Human Infectious Dose for Rhinovirus

	Person-to-Person Transmission
	Epidemiologic Observations
	Person-to-Person Transmission to Human Volunteers
	Early Experiments With Rhinovirus Colds
	Characteristics of a “Good” Rhinovirus Transmitter
	Some Early Conclusions
	Route-of-Transmission Experiments
	Route-of-Transmission “Blocking” Experiments


	Pathogenesis and Host Factors
	General Course of Infection
	Innate Immune Response
	Immunity Associated With Serum Antibody
	Immunity Associated With Antibody in Nasal Secretions
	Antibody Appearance Over the Course of Infection
	Cell-Mediated Immunity
	Interference Among Rhinoviruses
	Influence of a Cold Environment on the Course of Infection
	Effect of Age and Sex
	Effect of Psychosocial Factors

	Clinical Manifestations
	Rhinovirus Infections in Hospitalized Children
	Asthma
	Otitis Media
	Sinusitis
	Immunocompromised Patients

	Diagnosis of Infection
	Prevention and Treatment
	Acknowledgment
	New References Since the Seventh Edition
	References

	168 Hepatitis A Virus
	History
	Properties
	Classification
	Genomic Organization and Genetic Variation
	Virulence

	Epidemiology
	Routes of Transmission
	Patterns of Disease Worldwide
	Patterns of Disease in the United States
	Variation by Age and Race or Ethnicity
	Geographic Variation
	Potential Sources of Infection
	Community-Wide Epidemic
	Epidemiology of Hepatitis A in Specific Settings
	Childcare Centers
	Other Groups and Settings


	Pathology and Pathogenesis
	Pathology
	Pathogenesis

	Host Innate and Adaptive Immune Responses
	Cellular Immune Response
	Humoral Immune Response

	Clinical Manifestations
	Incubation Period
	Spectrum of Illness

	Clinical Signs and Symptoms
	Laboratory Abnormalities
	Diagnostic Tests
	Atypical Clinical Manifestations and Complications of Hepatitis A
	Relapsing Hepatitis A
	Fulminant Hepatitis A
	Extrahepatic Manifestations
	Cholestatic Hepatitis A
	Hepatitis A Triggering Autoimmune Hepatitis


	Treatment
	Prevention
	Immunoglobulin
	Hepatitis A Vaccine
	Vaccine Preparation and Performance
	Vaccine Recommendations and Use


	New References Since the Seventh Edition
	References

	Subsection II RNA—Caliciviridae
	169 Calicivirus (Norovirus, Sapovirus, Vesivirus, Lagovirus, Nebovirus)
	Virologic Features
	Epidemiology
	Pathogenesis
	Immunology
	Clinical Manifestations
	Differential Diagnosis
	Diagnosis
	Treatment and Prevention
	Nonspecific Measures
	Specific Measures

	Prognosis
	New References Since the Seventh Edition
	References


	170 Hepatitis E Virus
	Keywords
	History and Discovery of Virus
	Microbiology and Genome Organization
	Viral Structure and Stability
	Viral Life Cycle
	Viral Genetics
	Taxonomy and Classification

	Epidemiology
	Endemic Hepatitis E Virus
	Epidemic Hepatitis E Virus
	Zoonotic Hepatitis E Virus
	Vertical and Breast Milk Transmission
	Other Modes of Transmission

	Pathogenesis and Immunity
	Pathogenesis
	Immunity

	Clinical Manifestations
	Diagnostic Testing
	Serology
	Polymerase Chain Reaction
	Electron Microscopy

	Disease Prevention and Vaccine Candidates
	Disease Avoidance
	Antibody Preparations
	Therapies
	Vaccine Candidates and Future Therapies

	Summary
	New References Since the Seventh Edition
	References

	Subsection III RNA—Reoviridae
	171 Reoviruses
	Keywords
	History
	Properties
	Epidemiology
	Clinical Manifestations
	Upper Respiratory Tract Illness
	Pneumonia
	Gastrointestinal Manifestations
	Exanthem
	Neurologic Disease
	Other Manifestations
	Reoviruses as Potential Anti-Cancer Agents

	Diagnosis
	New References Since the Seventh Edition
	References


	172 Orbiviruses, Coltiviruses, and Seadornaviruses
	Colorado Tick Fever Virus
	Epidemiology
	Clinical Manifestations
	Pathophysiology
	Laboratory Diagnosis
	Treatment
	Prevention

	Banna Virus
	Kemerovo and Related Viruses
	Orungo Virus
	Lebombo Virus
	Changuinola Virus
	New References Since The Seventh Edition
	References

	173 Rotavirus
	Rotaviruses
	Classification and Strain Diversity

	Rotavirus Infection
	Reproductive Cycle of Rotavirus
	Transmission

	Rotavirus Disease
	Pathogenesis
	Diarrhea
	Vomiting
	Fever
	Extraintestinal Spread

	Epidemiology
	Seasonality
	Genotype Distribution
	Age

	Laboratory Diagnosis
	Treatment
	Rotavirus Immunity
	Immune Responses in Rotavirus-Infected Individuals
	Mechanisms of Protection

	Rotavirus Vaccines
	WC-3 Bovine Rotavirus Vaccine
	Rhesus Rotavirus (RRV) Vaccine
	Rhesus-Human Reassortant Vaccine
	Bovine-Human Reassortant Vaccine
	Human Rotavirus Vaccines
	Rotarix
	Other Human Rotavirus Vaccine Strains

	Immune Response and Mechanism of Action
	Comparative Efficacy
	Real Life Effectiveness
	Serotype (Genotype) Specific Effectiveness
	Impact of Rotavirus Vaccination: Direct and Indirect
	Introduction of Universal Rotavirus Vaccination
	Rotavirus Vaccine Recommendations
	Special Target Groups and Issues
	Premature Infants
	HIV-Infected Children
	Immunodeficiency
	Short Gut Syndrome and Intestinal Failure
	Breastfeeding
	Influence of Oral Polio Vaccine
	Intestinal Microflora
	Intussusception
	Porcine Circovirus

	Nonlive Rotavirus Vaccines

	Selected Readings
	References

	Subsection IV RNA—Togaviridae
	174 Rubella Virus
	History
	Properties
	Classification
	Physical Properties
	Antigenic Composition
	Tissue Culture Growth
	Animal Susceptibility

	Epidemiology
	Incidence and Prevalence
	Epidemic Behavior
	Age Groups
	Effect of Vaccination
	Congenital Rubella

	Transmission
	Seasonal Patterns
	Geographic Distribution
	Other Factors
	Sex
	Genetics


	Pathology and Pathogenesis
	Viral Infection
	Immunologic Events
	Antibody
	Specific Cell-Mediated Responses
	Nonspecific Responses

	Fetal Events
	Viral Infection
	Immunologic Findings
	Specific antibody.
	Specific cell-mediated immunity.
	Nonspecific responses.


	Pathology
	Postnatally Acquired Disease
	Congenital Infection


	Clinical Manifestations
	Postnatal Illness
	Incubation Period
	Prodromal Period
	Exanthem Period
	Complications
	Joint involvement.
	Neurologic manifestations.
	Thrombocytopenia.
	Other complications.


	Congenital Rubella
	Infant Death and Growth Restriction
	Eye Effects
	Auditory Effects
	Neurologic Effects
	Cardiovascular Effects
	Other Manifestations
	Manifestations related to active, persistent infection.
	Structural defects.
	Delayed manifestations.



	Diagnosis
	Differential Diagnosis
	Postnatally Acquired Disease
	Congenital Rubella

	Specific Diagnosis
	Postnatally Acquired Disease
	Congenital Rubella
	Qualitative Demonstration of Rubella Antibody


	Treatment
	Postnatally Acquired Disease
	Uncomplicated Rubella
	Complications of Rubella

	Care of Exposed Pregnant Women
	Care of Pregnant Women With an Exanthem Thought to Be Rubella
	Care of Children With Congenital Rubella
	Isolation Procedures
	Neonatal Period
	Long-Term Problems
	Deafness.
	Eye problems.
	Heart problems.
	Musculoskeletal problems.
	Central nervous system problems.
	Immunologic defects.
	Multiple handicaps.



	Prevention
	Active Immunization Using Live Attenuated Rubella Virus Vaccine
	Recommendations for Use
	Adverse Reactions
	Contraindications
	Inadvertent Rubella Immunization in Pregnancy

	Passive Immunization
	Quarantine and Disease Containment

	New References Since the Seventh Edition
	References


	175 Alphaviruses
	Keywords
	Keywords
	175A ■ Eastern Equine Encephalitis
	Etiologic Agent
	Ecology
	Epidemiology
	Pathology
	Pathogenesis
	Clinical Manifestations
	Prognosis and Sequelae
	Diagnosis
	Differential Diagnosis
	Treatment
	Prevention
	New References Since the Seventh Edition
	References

	175B ■ Western Equine Encephalitis
	Etiologic Agent
	Ecology
	Epidemiology
	Clinical Manifestations
	Pathology
	Pathogenesis
	Prognosis
	Diagnosis
	Differential Diagnosis
	Treatment
	Prevention
	New References Since the Seventh Edition
	References

	175C ■ Venezuelan Equine Encephalitis
	Etiologic Agent
	Epidemiology and Ecology
	Clinical Manifestations
	Pathology and Pathogenesis
	Laboratory Diagnosis
	Differential Diagnosis
	Treatment
	Prevention
	New References Since the Seventh Edition
	References

	175D ■ Chikungunya
	Etiologic Agent
	Zoonotic Cycles
	Epidemiology
	History
	Geographic Distribution

	Clinical Manifestations
	Pathogenesis and Pathology
	Diagnosis
	Treatment
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	175E ■ Ross River Virus Arthritis
	Etiologic Agent
	Transmission and Epidemiology
	Clinical Manifestations
	Pathology
	Diagnosis
	Treatment and Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	175F ■ Other Alphaviral Infections
	O’Nyong-Nyong
	Igbo-Ora Fever
	Barmah Forest Fever
	Sindbis Fever
	Mayaro Fever
	Semliki Forest Virus Fever
	New References Since the Seventh Edition
	References


	Subsection V Flaviviridae
	176 Flaviviruses
	Keywords
	176A ■ St. Louis Encephalitis
	Etiologic Agent
	Ecology
	Epidemiology
	Clinical Manifestations
	Pathology
	Pathogenesis
	Diagnosis
	Differential Diagnosis
	Treatment
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	176B ■ West Nile Virus
	History
	Virology
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Outcome
	Laboratory Findings
	Electrodiagnostic Studies
	Neuroimaging
	Viral Culture and Nucleic Acid Amplification Detection of West Nile Virus
	Detection of West Nile Virus–Specific Antibodies
	Neuropathology
	Treatment
	Prevention
	New References Since the Seventh Edition
	References

	176C ■ Yellow Fever
	History
	Etiologic Agent
	Epidemiology
	Clinical Manifestations
	Pathology
	Laboratory Findings
	Differential Diagnosis
	Laboratory Diagnosis
	Treatment
	Prognosis
	Prevention and Control
	New References Since the Seventh Edition
	References

	176D ■ Dengue, Dengue Hemorrhagic Fever, and Severe Dengue
	Transmission
	Epidemiology
	Host Range
	Geographic Distribution

	Clinical Manifestations
	Dengue Fever
	Dengue Hemorrhagic Fever, Dengue Shock Syndrome, and Severe Dengue
	Case Definitions
	Dengue Fever, Dengue Hemorrhagic Fever, and Dengue Shock Syndrome
	Dengue Fever Warning Signs and Severe Dengue


	Pathology and Pathogenesis
	Diagnosis
	Dengue Fever
	Dengue Hemorrhagic Fever, Dengue Shock Syndrome, and Severe Dengue

	Laboratory Studies
	Treatment
	Dengue Fever
	Outpatients With Mild Dengue Hemorrhagic Fever or Warning Signs

	Dengue Hemorrhagic Fever (Compensated Shock) and Dengue Shock Syndrome
	Inpatients
	Treatment of patients with Nonshock Dengue hemorrhagic fever (compensated shock).
	Treatment of patients with shock.
	General management.
	Treatment of hemorrhagic complications.
	Recognizing fluid overload begins with knowing when to decrease or stop intravenous fluids.
	Action plan for treatment of fluid overload.



	Regulatory Measures
	Prognosis
	Prevention
	Epidemic Measures
	Eradication and Control
	Health Education

	New References Since the Seventh Edition
	References

	176E ■ Japanese Encephalitis
	History
	Etiologic Agent
	Epidemiology
	Clinical Manifestations
	Pathology
	Pathophysiology
	Complications
	Laboratory Diagnosis
	Differential Diagnosis
	Treatment
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	176F ■ Murray Valley Encephalitis
	Etiologic Agent
	Transmission and Epidemiology
	Clinical Manifestations
	Pathology
	Diagnosis
	Treatment and Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	176G ■ Tick-Borne Encephalitis
	History
	Etiologic Agent
	Ecology
	Epidemiology
	Clinical Manifestations
	Pathology
	Pathogenesis
	Laboratory Diagnosis
	Differential Diagnosis
	Treatment
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	176H ■ Zika Virus Infections*
	Epidemiology
	History of ZIKV as an Emerging Infection From 1947 to the Present
	Discovery of ZIKV
	First ZIKV Epidemics: The 2007 Federated States of Micronesia (Yap Island) and the 2013−14 French Polynesia, New Caledonia, and Cook Island ZIKV Epidemics
	ZIKV’s Rapid Global Expansion: Epidemics in Brazil, Other Latin American Countries, and Beyond

	Transmission of ZIKV
	Arbovectors: Aedes Mosquitoes
	Other Modes of Transmission


	Virology and Pathogenesis
	Virology of ZIKV
	Viral Classification and Structure

	ZIKV Phylogeny and Genetics
	Viral Pathogenesis
	Human in Vitro Cellular Studies and Histopathology From Neonatal Autopsies
	Recent Insight Into ZIKV’s Pathology, Including Experimental Animal Model Studies (Mice and Nonhuman Primates)
	Other Studies Providing Insight Into ZIKV’s Pathogenesis (ZIKV and Dengue Antibodies)


	Clinical Manifestations and Complications
	Acute ZIKV Infection
	ZIKV Presentation From the Yap Island Case Series
	ZIKV Presentation From Several Case Series From Brazil and Other Countries
	Acute ZIKV Infection in Children

	Potential Complications Following ZIKV Infection
	Special Populations With Acute ZIKV Infection (HIV-Infected and Other Immunosuppressed Patients)

	Neurologic Complications Including Guillain-Barré Syndrome
	ZIKV and Guillain-Barré Syndrome
	GBS case series from French Polynesia, Brazil, Colombia, and Puerto Rico.


	ZIKV in Pregnancy and Congenital ZIKV Syndrome (Microcephaly and Other Congenital Complications)
	Microcephaly and Other Congenital Cerebral Abnormalities
	ZIKV Cases in Pregnant Women in Brazil, French Polynesia, Other Latin American Countries, and the United States
	ZIKV cases in pregnant women in Brazil.
	ZIKV cases in pregnant women in French Polynesia.
	ZIKV cases in pregnant women in Colombia and other Latin American countries.

	ZIKV Cases in Pregnant Women in the United States and US Territories


	ZIKV Diagnosis, Management, Treatment, and Prevention
	ZIKV Diagnostics
	Historical Methods for ZIKV Evaluation
	Current Methods for ZIKV Evaluation
	Acute Phase ZIKV Testing Using RT-PCR−Based Methods
	Beyond the Period of ZIKV Acute-Phase Testing (Serology and PRNT Testing)
	Other Specimen-Testing Methods
	New ZIKV diagnostic testing developments.


	ZIKV Diagnostic Definitions and Testing Guidelines
	Diagnostic Definitions of ZIKV Cases
	General Guidelines for ZIKV Testing
	ZIKV Testing for Infants and Children for Suspected Acute ZIKV Infection
	Infant ZIKV Testing for Suspected ZIKV Congenital Infection


	Evaluation and Management of Pediatric Patients With ZIKV
	Recommendations for Evaluation and Management of Possible Pediatric ZIKV Cases
	Evaluation of Children for Acute ZIKV Disease
	Evaluation for Congenital ZIKV Infection
	Management of Pediatric Patients Infected With Acute ZIKV

	ZIKV Prevention: Vector Control, Vaccines, and Other Challenges
	Transmission Prevention
	Mosquito Vector Control
	Other ZIKV Transmission Considerations
	Breast milk transmission: interim guidelines for breast-feeding mothers with ZIKV.
	Other ZIKV transmission risks: sexual transmission, blood transfusion, and travel.


	Vaccine Development
	Future Therapeutics, Vector Control, and Other Interventions to Address ZIKV
	Therapeutics
	Vector Control


	Conclusion
	Selected References
	References

	176I ■ Other Less Commonly Recognized Flaviviruses
	Powassan Viral Encephalitis
	Epidemiology, Ecology, and Pathogenesis
	Clinical Manifestations
	Laboratory Diagnosis
	Differential Diagnosis
	Treatment and Prevention

	Rocio Viral Encephalitis
	Louping Ill Virus
	Kyasanur Forest Disease
	Omsk Hemorrhagic Fever
	Other Flaviviral Infections
	New References Since the Seventh Edition
	References



	177 Hepatitis C Virus
	Keywords
	History
	Virology
	Pathogenesis
	Viral Life Cycle
	Epidemiology
	Viral Genetics
	Transmission
	Clinical Manifestations
	Immunity
	Diagnosis
	Assessment for Severity of Disease
	Host Genetics

	Treatment
	Prevention and Counseling
	Summary
	New References Since the Seventh Edition
	References

	Subsection VI Orthomyxoviridae
	178 Influenza Viruses
	History
	Biology
	Properties and Life Cycle
	Classification

	Ecology
	Animal Reservoirs
	Reassortment and Establishment of New Lineages
	Zoonoses

	Surveillance
	Animals
	Humans
	Disease

	Evolution and Adaptation
	Pandemics
	Adaptation
	Rapid Evolution

	Epidemiology
	Seasonality and Transmission
	Global Disease Burden
	Coinfections
	Economic Impact
	High-Risk Pediatric Groups
	Mortality in Children
	Avian Influenza
	Swine Influenza

	Clinical Manifestations
	Primary Influenza
	Complications

	Pathology
	Pathogenesis
	Virulence Factors
	Hemagglutinin
	Neuraminidase
	Polymerase Genes and PB1-F2
	Nonstructural Protein 1

	Evolution of Virulence
	Animal Models
	Research and Modeling
	Dual Use Research

	Diagnosis
	Differential Diagnosis
	Diagnostic Testing

	Management
	Antiviral Therapy
	Adamantanes
	Neuraminidase Inhibitors

	Steroids

	Infection Control
	Vaccines
	History
	Strain Selection
	Immunogenicity
	Pediatric Vaccination

	Efficacy and Effectiveness
	Pandemic Preparedness
	New References Since the Seventh Edition
	References


	Subsection VII Paramyxoviridae
	179 Parainfluenza Viruses
	Keywords
	History
	Characterization of Parainfluenza Viruses
	Classification and Structure
	Isolation and Identification

	Epidemiology
	Geographic Distribution
	Prevalence and Age at Infection
	Seasonal Occurrence

	Pathogenesis
	Transmission
	Pathology

	Immune Response: Role in Pathogenesis and Protection
	Clinical Manifestations
	Primary Infection
	Reinfection
	Infection in Immunocompromised Patients

	Diagnosis
	Differential Diagnosis

	Management and Therapy
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References


	180 Measles Virus
	History
	Properties
	Classification
	Physical Properties
	Cellular Receptors
	Antigenic Composition
	Tissue Culture Growth
	Animal Susceptibility

	Epidemiology
	Prevalence
	Age Incidence and Prevalence
	Geographic Distribution
	Seasonal Patterns
	Host and Social Factors
	Spread of Infection

	Pathogenesis and Pathology
	Viral Infection
	Pathology
	Measles Exanthem
	Koplik Spots
	Respiratory Tract

	Immunologic Events
	Antibody
	Specific Cell-Mediated Responses
	Other Responses

	Mechanisms in Recovery From Measles Viral Infection
	Mechanisms in Prevention of Repeat Illness in Persons Previously Infected With Measles Virus

	Clinical Manifestations
	Typical Illness
	Incubation Period
	Prodromal Period
	Exanthem Period
	Laboratory Findings

	Modified Illness
	Atypical Measles
	Historical Aspects
	Clinical Characteristics

	Unusual Manifestations and Complications of Measles
	Pneumonia
	Other Respiratory Manifestations
	Cardiac Manifestations
	Neurologic Manifestations
	Other Manifestations

	Subacute Sclerosing Panencephalitis
	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Laboratory Findings
	Treatment

	Measles in Developing Countries
	Clinical Manifestations

	Measles in Immunocompromised Hosts

	Differential Diagnosis
	Diagnosis
	Treatment
	Uncomplicated Measles
	Atypical Measles
	Complications of Measles
	Otitis Media
	Laryngotracheitis
	Pneumonia
	Encephalitis
	Appendicitis

	Prophylactic Antibiotics

	Prevention
	Active Immunization: Live, Attenuated Measles Virus Vaccine
	Recommendations for Use
	Precautions
	Contraindications
	Complications

	Global Progress Toward Measles Eradication
	Quarantine and Disease Containment
	Passive Immunization: Immunoglobulin

	New References Since the Seventh Edition
	References

	181 Mumps Virus
	History
	Classification
	Properties
	Physical Properties
	Antigenic Composition
	Tissue Culture Growth and Animal Susceptibility

	Epidemiology
	Incidence
	Morbidity and Mortality
	Spread of Infection

	Pathogenesis
	Pathology
	Immunologic Events

	Clinical Manifestations
	Typical Mumps Without Complications
	Meningitis, Meningoencephalitis, and Encephalitis
	Gonadal Infection (Epididymo-Orchitis and Oophoritis)
	Pancreatitis
	Diabetes Mellitus
	Nephritis
	Deafness
	Mumps and Pregnancy
	Other Manifestations

	Differential Diagnosis
	Diagnosis
	Treatment
	Prognosis
	Prevention
	Immunization
	General Recommendations
	Dosage
	Age

	Persons Exposed to Mumps
	Use of Vaccine
	Use of Immunoglobulin
	Adverse Effects of Vaccine Use

	Contraindications to Vaccine Use
	Pregnancy
	Severe Febrile Illness
	Allergies
	Recent Immunoglobulin Injection
	Altered Immunity

	Containment of Disease

	New References Since the Seventh Edition
	References

	182 Respiratory Syncytial Virus
	History
	Structural and Antigenic Properties
	Classification
	Structural and Antigenic Properties
	Laboratory Growth
	Animal Susceptibility

	Epidemiology
	Geographic Distribution
	Seasonal Patterns
	Strain Variation
	Acquisition and Ramifications of Infection
	Risk Factors for Severe Disease
	Spread of Infection

	Pathology and Pathogenesis
	Immune Response: Immunity and Disease Pathogenesis
	Innate Immunity
	Passively Acquired Antibody
	B-Cell Responses
	T-Cell Responses

	Clinical Manifestations
	Primary Infection
	Radiographic Findings
	Infection in Neonates
	Acute Complications

	Prognosis
	Prediction at Time of Initial Evaluation
	Patients at Risk for Complicated RSV Infection
	Immunocompromised Patients
	Patients With Human Immunodeficiency Virus Infection
	Pulmonary Sequelae
	Repeated Infection

	Diagnosis
	Treatment
	Prevention
	Breastfeeding
	Infection Control and Nosocomial Infection
	Prophylaxis
	Current Guidelines for Immunoprophylaxis
	Vaccines


	New References Since The Seventh Edition
	References

	183 Human Metapneumovirus
	History
	Properties
	Structural and Antigenic Properties
	Laboratory Growth
	Animal Susceptibility

	Epidemiology
	Geographic Distribution
	Seasonal Patterns
	Strain Variation
	Viral Load
	Incidence and Prevalence

	Pathogenesis and Pathology
	Clinical Manifestations
	Upper Respiratory Tract Manifestations
	Lower Respiratory Tract Manifestations
	Asthma
	Infections in Immunocompromised Persons
	Encephalitis and Encephalopathy

	Differential Diagnosis
	Diagnosis
	Treatment
	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	Subsection VIII Rhabdoviridae
	184 Rabies Virus
	History
	Etiology
	Transmission and Epidemiology
	Pathogenesis
	Clinical Manifestations
	Animal Rabies
	Management of Animal Rabies

	Human Rabies

	Diagnosis
	Prophylaxis
	Local Wound Management
	Passive Immunity
	Equine Rabies Immune Globulin
	Human Rabies Immune Globulin
	Nerve Tissue Vaccines
	Cell Culture Vaccines
	Clinical Considerations
	Decisions to Immunize
	Pregnancy
	Exposures to Bats, Wildlife, and Domestic Animals
	Circumstances of Bite

	Failure of Rabies Prophylaxis

	Preexposure Immunization
	Intradermal Vaccination
	Alternative Schedules
	Booster Doses
	Adverse Events

	Future Developments
	New References Since the Seventh Edition
	References


	Subsection IX Arenaviridae and Filoviridae
	185 Lymphocytic Choriomeningitis Virus
	History
	Epidemiology
	Clinical Manifestations
	Diagnosis
	Treatment
	Conclusion
	New References Since the Seventh Edition
	References


	186 Arenaviral Hemorrhagic Fevers
	History
	Etiologic Agents
	Person-to-Person Transmission
	Clinical Manifestations
	Pathogenesis and Pathology
	Diagnosis
	Differential Diagnosis
	Predictive Value
	Direct Diagnosis
	Indirect Diagnosis

	Prognosis and Treatment
	Prognosis
	Treatment
	The Future of Antivirals in the Domain of Arenaviruses

	Prevention and Control
	The Future of Vaccine Research

	New References Since the Seventh Edition
	References

	187 Filoviral Hemorrhagic Fever
	Etiologic Agents
	History and Epidemiology
	Marburg Virus
	Ebola Virus
	1976 to 1979: First Recorded Ebola Outbreaks
	Reston Ebolavirus
	1994 to 1997: Ebola Resurgence
	2000 to 2004: Geographic Pattern of Zaire Ebolavirus and Sudan Ebolavirus Resurgence
	Zaire ebolavirus outbreaks.
	Sudan ebolavirus outbreaks.

	2007 to 2012: Ebola Outbreaks
	Largest Ebola Outbreak in History (2014–15)
	Guinea.
	Liberia.
	Sierra Leone.
	Ebola outside West Africa.

	Latest Outbreak, 2017: Democratic Republic of the Congo

	Ebola and Marburg Virus Transmission
	Animal to Human
	Human to Human
	Cultural practices.
	Health care–Associated.



	Clinical Manifestations
	Pediatric Patients and 2014 Outbreak
	Post Ebola Sequelae

	Pathology
	Differential Diagnosis
	Diagnosis
	Infection Control and Prevention
	Management of Filoviruses
	Ebola Treatment Unit in Resource-Limited Settings
	Biocontainment Units in Developed Countries
	Supportive Care
	Treatment of Ebola in Children and Pregnant Women

	Experimental Therapies
	Phosphorodiamidate Morpholino Oligomers
	Nucleoside/Nucleotide Viral Polymerase Inhibitors
	Immunotherapeutics
	Vaccine Therapies for Ebola Virus


	Conclusion
	New References Since the Seventh Edition
	References

	Subsection X Coronaviridae and Toroviridae
	188 Human Coronaviruses, Including Middle East Respiratory Syndrome Coronavirus
	Background
	Virology
	Epidemiology of Community-Acquired Respiratory Coronaviruses
	Geographic Prevalence
	Seasonal Incidence and Annual Recycling Pattern
	Ratio of Clinical to Subclinical Illness
	Age Specificity of Infection
	Transmission

	Infection and Immunity
	Pathogenesis, Incubation Period, and Serologic Response
	Reinfection

	Clinical Manifestations of Respiratory Tract Infections
	Common Cold and Other Upper Respiratory Tract Illnesses
	Lower Respiratory Tract Disease
	Pneumonia and Other Severe Lower Respiratory Tract Infections
	Infections in Children With Underlying Respiratory Disease or Immunodeficiency

	Severe Acute Respiratory Syndrome
	Etiology
	Epidemiology
	Clinical Presentation
	Specific Diagnosis, Treatment and Prevention

	Middle East Respiratory Syndrome
	Etiology
	Epidemiology
	Clinical Presentation
	Diagnosis
	Treatment
	Prevention

	Enteric Human Coronavirus
	Neurologic Diseases

	Laboratory Diagnosis
	Virus Isolation
	Community-Acquired Respiratory Coronaviruses

	Virus Detection Techniques
	Community-Acquired Respiratory Coronaviruses
	Serodiagnosis


	Prevention and Treatment
	New References Since The Seventh Edition
	References


	Subsection XI Bunyaviridae
	189 Hantaviruses
	Historical Perspective
	Organism
	Classification and Antigenic Composition
	Physical Properties
	Susceptibility
	Laboratory Propagation and Tissue Culture Growth
	Transmission

	Epidemiology
	Geographic Distribution
	Seasonal Patterns
	Prevalence and Incidence
	Demographic and Geographic Features

	Clinical Manifestations
	Hemorrhagic Fever With Renal Syndrome
	Nephropathia Epidemica
	Hantavirus Pulmonary Syndrome

	Complications
	Pathogenesis and Pathology
	Diagnosis and Differential Diagnosis
	Laboratory Studies

	Treatment
	Prevention
	Primary Prevention
	Vaccine Prospects
	Hospital Infection Control

	New References Since the Seventh Edition
	References


	190 La Crosse Encephalitis and Other California Serogroup Viruses
	Etiologic Agent
	Ecology
	La Crosse Virus
	Other California Serogroup Viruses

	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Laboratory and Radiologic Diagnosis
	Differential Diagnosis
	Treatment
	Outcome
	Pathology
	Prevention
	Acknowledgments
	New References Since the Seventh Edition
	References

	191 Other Bunyaviridae
	191A ■ Rift Valley Fever
	History
	Etiologic Agent
	Vectors and Epidemiology
	Clinical Manifestations
	Laboratory Findings
	Treatment
	Prevention
	New References Since the Seventh Edition
	References

	191B ■ Crimean-Congo Hemorrhagic Fever
	Etiologic Agent
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment
	Prognosis
	Prevention
	Acknowledgment

	New References Since the Seventh Edition
	References

	191C ■ Phlebotomus Fever (Sandfly Fever)
	Etiologic Agent
	Epidemiology
	Clinical Manifestations
	Pathology
	Diagnosis
	Treatment
	Prognosis
	Prevention
	Acknowledgment

	New References Since the Seventh Edition
	References

	191D ■ Oropouche Fever
	Etiologic Agent
	Epidemiology
	Geographic Distribution
	Incidence
	Diffusion of Epidemics
	Seasonal Fluctuation
	Endemic Transmission
	Transmission Mechanism
	Transmission Cycles
	Incubation Period
	Transmissibility Period
	Ratio of Symptomatic Cases

	Clinical Manifestations
	Classic Febrile Form
	Aseptic Meningitis

	Pathogenesis
	Laboratory Findings
	Diagnosis
	Differential Diagnosis
	Treatment
	Prevention and Control
	New References Since the Seventh Edition
	References

	191E ■ Toscana Virus
	History
	Etiologic Agent
	Epidemiology
	Italy
	Spain
	France
	Cyprus
	Greece
	Portugal
	North Africa (Tunisia, Algeria, and Morocco)
	Turkey
	Other Countries

	Cycle in Nature
	Vectors of Toscana Virus
	Reservoir of Toscana Virus

	Clinical Manifestations
	Asymptomatic or Minimally Symptomatic Infection
	Febrile Illness
	Meningitis
	Other Central Nervous System Manifestations
	Other Disease Manifestations Not Involving the Central Nervous System

	Diagnosis and Differential Diagnosis
	Serology
	Immunofluorescence Assay
	Enzyme-Linked Immunosorbent Assay
	Rapid Immunochromatographic Test
	Neutralization Test
	Viral Isolation
	Genome Amplification by Reverse Transcriptase Polymerase Chain Reaction Assays

	Genetic Diversity of Toscana Virus
	New References Since the Seventh Edition
	References


	Subsection XII Retroviridae
	192 Human Retroviruses
	192A ■ Oncoviruses (Human T-Cell Lymphotropic Viruses) and Lentiviruses (Human Immunodeficiency Virus Type 2)
	Classification
	Morphology and Genomic Structure
	Oncoviral Regulatory and Accessory Genes
	Lentiviral Regulatory and Accessory Genes

	Viral Replication
	Retroviral Life Cycle
	Infection phase of retroviral replication.
	Expression phase of retroviral replication.


	Diagnosis

	Oncoviruses: Human T-Cell Lymphotropic Virus Types
	Human T-Cell Lymphotropic Virus Type I
	Epidemiology
	Modes of Transmission
	Mother-to-child transmission.
	Parenteral transmission.
	Sexual transmission.

	Disease Associations
	Adult T-Cell Leukemia and Other Malignancies
	Human T-Cell Lymphotropic Virus Type 1–Associated Myelopathy
	Human T-Cell Lymphotropic Virus Type 1–Associated Uveitis
	Pediatric Manifestations
	Infective dermatitis.

	Other Disorders in Adults and Children
	Dual Infection With Human Immunodeficiency Virus Type 1

	Human T-Cell Lymphotropic Virus Type 2
	Viral Pathogenesis and Molecular Biology
	Epidemiology
	Modes of Transmission
	Clinical Disease

	Other Forms of Human T-Cell Lymphotropic Virus
	Future Directions

	Lentiviruses: Human Immunodeficiency Virus Type 2
	Viral Genome and Pathogenesis
	Epidemiology
	Dual Infections With Human Immunodeficiency Virus Types 1 and 2
	Mode of Transmission
	Sexual Transmission
	Perinatal Transmission

	Diagnosis of Human Immunodeficiency Virus Type 2
	Natural History

	Treatment
	Disease Monitoring

	New References Since the Seventh Edition
	References

	192B ■ Human Immunodeficiency Virus and Acquired Immunodeficiency Syndrome
	Definition and Staging of Pediatric HIV Infection
	Epidemiology and Transmission and Prevention
	Transmission by Blood Products
	Perinatal Transmission
	Sexual Transmission: Second Wave of Pediatric AIDS
	Other Modes of Transmission

	Etiology
	Pathogenesis
	The Developing Immune System
	Immune Dysfunction
	T-Cell Depletion

	Clinical Manifestations
	Opportunistic Infections
	Pneumocystis Pneumonia
	Infection with Mycobacterium avium Complex
	Tuberculosis
	Cytomegalovirus
	Other Herpesvirus Infections
	Fungal Diseases
	Bacterial Diseases


	Complications
	Pulmonary Complications
	Central Nervous System, Neurobehavioral, and Neurocognitive Complications of Pediatric HIV/AIDS
	Gastrointestinal Complications
	Malignancy
	Other Complications
	Cardiac Abnormalities
	Renal Dysfunction
	Bone Marrow Suppression


	Diagnosis of HIV Infection in Infants and Children
	Early Transmission to Fetuses
	Methods for Diagnosing Infection in Children Older Than 18 Months
	Methods for Diagnosing Infection in Children Younger Than 18 Months

	Immunologic and Clinical Monitoring of HIV-Infected Children
	Treatment
	Primary Anti-HIV Infection Treatment
	Inhibitors of HIV Cell Entry
	Blockade of HIV by CD4-Receptor Inhibitors
	Blockade of HIV by Chemokine Inhibitors
	Blockade of HIV by Interference With gp120-CD4 Interactions
	Blockade of HIV by Fusion Inhibitors

	Nucleoside Reverse Transcriptase Inhibitors
	Nucleotide Reverse Transcriptase Inhibitors
	Nonnucleoside Reverse Transcriptase Inhibitors
	Protease Inhibitors
	Integrase Inhibitors
	Change in Therapy
	Toxicities and Adverse Effects
	Benefits of Therapy
	Immune-Based Therapies
	Vaccines

	New References Since the Seventh Edition
	References



	Subsection XIII Prion-Related Diseases
	193 Transmissible Spongiform Encephalopathies (Creutzfeldt-Jakob Disease, Gerstmann-Sträussler-Scheinker Disease, Kuru, Fatal Familial Insomnia, New Variant Creutzfeldt-Jakob Disease, Sporadic Fatal Insomnia)
	History
	Epidemiology and Natural History
	Kuru
	Creutzfeldt-Jakob Disease
	Gerstmann-Sträussler-Scheinker Disease
	Fatal Familial Insomnia
	Sporadic Fatal Insomnia

	Etiologic Agent and Pathogenesis
	Pathology
	Clinical Manifestations
	Diagnosis
	Laboratory Diagnosis
	Neuroimaging
	Electroencephalography

	Treatment
	Prevention
	New References Since the Seventh Edition
	References


	18 Chlamydia
	194 Chlamydia Infections
	Keywords
	Infections Caused by Chlamydia trachomatis
	Epidemiology
	Chlamydia trachomatis Infections in the Neonate
	History
	Epidemiology
	Conjunctivitis.
	Pneumonia.


	Diagnosis of Chlamydia trachomatis Infection in Infants
	Treatment of Chlamydial Conjunctivitis and Pneumonia in Infants
	Prevention and Control Strategies
	Infections in Older Children
	Genital Chlamydia trachomatis Infections in Adolescents
	Lymphogranuloma Venereum
	Trachoma
	Diagnosis of Chlamydia trachomatis Infections
	Treatment

	Infection Caused by Chlamydia psittaci
	Organism
	Epidemiology
	Clinical Manifestations
	Laboratory Findings
	Diagnosis
	Treatment

	Infection Caused by Chlamydia pneumoniae
	Organism
	Epidemiology
	Clinical Manifestations
	Diagnosis
	Treatment

	New References Since the Seventh Edition
	References


	19 ■ Rickettsial Diseases
	195 Rickettsial and Ehrlichial Diseases
	Spotted Fevers
	Rocky Mountain Spotted Fever
	Historical aspects.
	Etiology, morphology, growth, and metabolism.
	Epidemiology and transmission.
	Pathogenesis.
	Clinical manifestations.
	Diagnosis.
	Differential diagnosis.
	Treatment.
	Prognosis.
	Prevention.

	Mediterranean Spotted Fever
	Overview.
	Epidemiology.
	Clinical manifestations.
	Diagnosis.
	Differential diagnosis.
	Treatment and prevention.

	Rickettsialpox
	Historical aspects.
	Organism.
	Epidemiology and transmission.
	Pathology.
	Clinical manifestations.
	Diagnosis.
	Differential diagnosis.
	Treatment.

	Other Spotted Fever Group Rickettsioses

	Typhus
	Rickettsia prowazekii Infection (Epidemic Typhus)
	Overview.
	Epidemiology and transmission.
	Pathogenesis.
	Clinical manifestations.
	Diagnosis.
	Differential diagnosis.
	Treatment.
	Prevention.

	Rickettsia typhi Infection (Murine Typhus)
	Overview.
	Epidemiology and transmission.
	Clinical manifestations.
	Diagnosis.
	Differential diagnosis.
	Treatment.
	Prevention.

	Scrub Typhus
	Overview.
	Organism.
	Epidemiology and transmission.
	Pathogenesis.
	Clinical manifestations.
	Diagnosis.
	Differential diagnosis.
	Treatment.
	Prognosis.
	Prevention.


	Ehrlichiosis and Anaplasmosis
	Overview.
	Organisms.
	Epidemiology and transmission.
	Pathogenesis and pathology.
	Clinical manifestations.
	Diagnosis.
	Differential diagnosis.
	Treatment.
	Coinfection.

	Q Fever
	Historical aspects.
	Organism.
	Epidemiology and transmission.
	Pathology.
	Clinical manifestations.
	Diagnosis.
	Differential diagnosis.
	Treatment.
	Prevention.

	New References Since the Seventh Edition
	References


	20 ■ Mycoplasma
	196 Mycoplasma and Ureaplasma Infections
	Keywords
	History
	Classification
	Mycoplasma Pneumoniae
	Properties
	Morphology
	Motility and Multiplication
	Composition
	Growth Characteristics and Physical Properties
	Antigenic Composition
	Animal Susceptibility

	Epidemiology
	Epidemic Pattern
	Incidence of Infection and Disease
	Incubation Period
	Geography
	Gender Difference

	Pathogenesis and Pathology
	Sequence of Events in Infection
	Pathology
	Immunologic Events
	Specific antibody.
	Specific cell-mediated immunity.
	Nonspecific responses.

	Possible Mechanisms of Disease Production

	Clinical Manifestations
	Pneumonia
	Symptoms and signs.
	Radiography.
	Nonspecific laboratory data.

	Respiratory Disease Other Than Pneumonia
	Common cold and unspecified upper respiratory illness.
	Pharyngitis and nasopharyngitis.
	Otitis media and bullous hemorrhagic myringitis.
	Sinusitis.
	Acute bronchitis.
	Croup.
	Bronchiolitis and infectious asthma.
	Other.

	Exanthem and Enanthem
	Cardiac Manifestations
	Hematologic Manifestations
	Abdominal Manifestations
	Nonspecific gastrointestinal findings.
	Liver involvement.
	Splenic infarct.
	Pancreatitis.
	Renal disease.

	Arthritis
	Muscular Disease
	Ocular and Neurologic Disease
	Mixed Infections
	Other Disease Associations
	Recurrent Disease
	Disease in the Neonate

	Diagnosis
	Differential Diagnosis
	Specific Diagnosis
	Serum cold agglutinins.
	Specific antibody determinations.
	Culture.
	Detection by nucleic acid amplification and mass spectrometry Tests.


	Treatment
	Antimicrobial Therapy
	Corticosteroid Therapy
	Intravenous Immunoglobulin
	Plasmapheresis
	General Management

	Prevention

	Ureaplasma
	Properties
	Epidemiology
	Clinical Manifestations
	Adverse Pregnancy Outcomes and Infertility
	Nongonococcal Urethritis
	Other Infections
	Disease in the Neonate
	Transmission.


	Clinical Manifestations
	Chorioamnionitis
	Pneumonia
	Chronic Lung Disease
	Central Nervous System Infections
	Other Infections

	Differential Diagnosis

	Mycoplasma hominis
	Properties
	Epidemiology
	Clinical Manifestations
	Disease in the Neonate
	Differential Diagnosis

	Mycoplasma genitalium
	Properties
	Epidemiology
	Clinical Manifestations
	Differential Diagnosis

	Mycoplasma fermentans
	Mycoplasma penetrans
	Diagnosis of Genital Mycoplasmas
	Other Mycoplasma Species and Mycoplasma Relationships
	Mycoplasma salivarium
	Mycoplasma pirum
	Zoonotic Mycoplasma
	Acquired Immunodeficiency Syndrome–Associated Mycoplasmal Infections
	Mycoplasma and Ureaplasma Infections in Immunocompromised Patients
	Mycoplasma and Cancer
	Mycoplasma as a Cell Culture Contaminant

	Treatment of Genital Mycoplasmas
	Prevention of Genital Mycoplasmas
	New References Since the Seventh Edition
	References


	21 ■ Fungal Diseases
	197 Classification of Fungi
	New References Since the Seventh Edition


	198 Aspergillosis
	Organism
	Clinical Presentations
	Invasive Pulmonary Aspergillosis
	Invasive Aspergillus Sinusitis
	Cerebral Aspergillosis
	Cutaneous Aspergillosis
	Chronic Aspergillosis
	Allergic Bronchopulmonary Aspergillosis

	Epidemiology
	Diagnosis
	Cultures
	Radiology
	Serology
	Galactomannan Antigen
	Bronchoalveolar Lavage
	(1→3)-β-d-Glucan
	Polymerase Chain Reaction

	Treatment
	Treatment for Invasive Aspergillosis
	Primary Antifungal Therapy
	Alternative Antifungal Therapy
	Salvage Antifungal Therapy
	Combination Antifungal Therapy
	Adjunctive Therapies

	Treatment for Chronic or Allergic Aspergillosis

	New References Since the Seventh Edition
	References

	199 Blastomycosis
	Historical Perspective
	Mycology
	Ecology and Epidemiology
	Pathogenesis
	Clinical Manifestations
	Pulmonary Disease
	Disseminated Disease
	Disease in Immunocompromised Patients
	Blastomycosis During Pregnancy and in Neonates

	Diagnosis
	Treatment
	New References Since the Seventh Edition
	References

	200 Candidiasis
	Organism
	Epidemiology
	Pathogenesis
	Pathogen Factors
	Host Factors

	Clinical Manifestations
	Superficial Candidiasis
	Oropharyngeal Candidiasis
	Esophageal Candidiasis
	Vulvovaginal Candidiasis
	Cutaneous Candidiasis
	Chronic Mucocutaneous Candidiasis

	Invasive Candidiasis
	Candidemia
	Acute Disseminated Candidiasis
	Endovascular candidiasis.
	Cardiac candidiasis.
	Pulmonary candidiasis.
	Candidiasis of the peritoneum, gastrointestinal tract, and gallbladder.
	Candidiasis of the urinary tract.
	Osteoarticular candidiasis.
	Central nervous system candidiasis.
	Ocular candidiasis.

	Chronic Disseminated Candidiasis


	Diagnosis
	Culture
	Histology
	Antigen
	Molecular-Based Testing
	Other Novel Diagnostic Approaches

	Antifungal Prophylaxis and Treatment
	Prophylaxis
	Treatment
	Superficial Candidiasis
	Oropharyngeal candidiasis.
	Esophageal candidiasis.
	Vulvovaginal candidiasis.
	Cutaneous candidiasis.

	Invasive Candidiasis
	Candidemia.
	Endovascular candidiasis.
	Cardiac candidiasis.
	Peritoneal candidiasis.
	Candidiasis of the urinary tract.
	Osteoarticular candidiasis.
	Central nervous system candidiasis.
	Ocular candidiasis.
	Chronic disseminated candidiasis.



	Neonatal Candidiasis
	Epidemiology
	Risk Factors
	Clinical Manifestations
	Congenital Cutaneous Candidiasis
	Neonatal Candidemia
	Neonatal Urinary Tract Infection
	Neonatal Meningoencephalitis
	Neonatal Endocarditis and Infected Vascular Thrombi
	Neonatal Endophthalmitis and Retinopathy of Prematurity
	Neonatal Candida End-Organ Dissemination

	Diagnosis
	Treatment and Prevention
	Amphotericin B Preparations
	Azoles
	Echinocandins
	Central Venous Catheter Removal With Bloodstream Infections
	Empiric Antifungal Therapy
	Prevention
	Fluconazole prophylaxis.
	Safety of fluconazole prophylaxis.

	Nystatin prophylaxis.
	Infection control measures to prevent neonatal invasive candidiasis
	Prenatal detection and eradication of maternal vaginal candidiasis.
	Medication and feeding stewardship.
	Central line–associated bloodstream infection bundles.

	Lactoferrin.


	Outcomes
	Neurodevelopmental Impairment
	Survival
	Candida-Related Mortality


	New References Since the Seventh Edition
	References

	201 Coccidioidomycosis
	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Primary Pulmonary Infection
	Primary Inoculation-Related Infection
	Disseminated Coccidioidomycosis
	Skin Disease
	Bone and Joint Disease
	Meningitis
	Coccidioidomycosis in Pregnancy
	Coccidioidomycosis in the Immunocompromised Host

	Diagnosis
	Culture and Identification of the Fungus
	Skin Test
	Serologic Studies
	Antigen Detection

	Treatment
	Primary Infection
	Disseminated Disease
	Nonmeningeal Dissemination
	Meningeal Disease

	Surgical Management
	Refractory or Progressive Disease

	Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	202 Paracoccidioidomycosis
	Organism
	Transmission
	Epidemiology
	Incidence
	Age
	Gender
	Occupation and Race
	Geographic Distribution

	Pathogenesis and Pathology
	Clinical Manifestations
	Diagnosis
	Treatment
	Prognosis
	Acknowledgments
	New References Since the Seventh Edition
	References

	203 Cryptococcosis
	Organism
	Virulence
	Capsule
	Melanin
	Extracellular Enzymes
	Phenotypic Variation

	Ecology and Epidemiology
	Cryptococcus neoformans
	Cryptococcus gattii

	Pathogenesis
	Pulmonary Cryptococcosis
	Pulmonary Cryptococcosis in Children
	Clinical Manifestations
	Radiology
	Diagnosis

	Cryptococcal Meningoencephalitis
	Clinical Manifestations
	Pediatric Cryptococcal Meningoencephalitis
	Diagnosis
	Cerebrospinal Fluid Profile
	Imaging
	India Ink Staining
	Culture and Histopathology
	Antigen Detection

	Complications
	Mortality
	Increased Intracranial Pressure
	Cryptococcoma


	Immune Reconstitution Inflammatory Syndrome
	Other Forms of Cryptococcosis
	Congenital Cryptococcosis

	Treatment
	Pulmonary Disease
	Central Nervous System Disease
	Secondary Prophylaxis
	Adjuvant Interferon-γ
	Primary Prophylaxis

	New References Since the Seventh Edition
	References

	204 Histoplasmosis
	Organism
	Epidemiology
	Pathophysiology
	Pathology
	Clinical Manifestations
	Pulmonary Histoplasmosis
	Primary Cutaneous Histoplasmosis
	Progressive Disseminated Histoplasmosis
	Progressive Disseminated Histoplasmosis of Infancy
	Progressive Disseminated Histoplasmosis in Immunocompromised Hosts
	Progressive Disseminated Histoplasmosis in Human Immunodeficiency Virus–Infected Patients
	Central Nervous System Infection
	Presumed Ocular Histoplasmosis Syndrome
	Illness Caused by Infection with Histoplasma capsulatum var. duboisii
	Radiographic Findings

	Diagnosis
	Organisms Shown on Histology
	Culture
	Antibody and Antigen Detection
	Complement Fixation
	Immunodiffusion
	Antigen Detection
	Skin Testing
	Molecular Methods

	Treatment
	Medical Management for Manifestations Requiring Antifungal Therapy
	Primary Pulmonary Infection
	Mediastinal Adenitis
	Disseminated Infection
	Immunocompetent Patients and Immunosuppressed Patients Without Human Immunodeficiency Virus Infection
	Disseminated Infection in Patients With Acquired Immunodeficiency Syndrome
	Prophylaxis of Immunosuppressed Patients
	Central Nervous System Infection

	Medical Management of Manifestations That Do Not Require Antifungal Therapy
	Surgical Treatment

	Prognosis
	Prevention
	New References Since The Seventh Edition
	References

	205 Sporotrichosis
	Organism
	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Cutaneous Sporotrichosis
	Extracutaneous Sporotrichosis

	Diagnosis
	Treatment and Prognosis
	Prevention
	New References Since the Seventh Edition
	References

	206 Mucormycosis and Entomophthoramycosis
	Mucormycosis
	Organisms
	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Rhinocerebral Mucormycosis
	Pulmonary Mucormycosis
	Skin and Soft Tissue (Cutaneous) Mucormycosis
	Gastrointestinal Mucormycosis
	Disseminated Mucormycosis
	Miscellaneous Forms of Mucormycosis

	Diagnosis
	Treatment
	General Principles
	Amphotericin B Formulations
	Triazoles
	Combination Therapy
	Adjunctive Therapies

	Prognosis and Prevention

	Entomophthoramycosis
	Organisms
	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Chronic Rhinofacial Entomophthoramycosis
	Chronic Subcutaneous Entomophthoramycosis
	Gastrointestinal Basidiobolomycosis

	Diagnosis
	Treatment
	Prognosis and Prevention

	New References Since the Seventh Edition
	References

	207 Fusariosis and Scedosporiosis
	Infections Caused by Fusarium Species
	Microbiology and Pathogenesis of Infection
	Risk Factors and Clinical Syndromes
	Diagnosis and Therapy

	Infections Caused by Scedosporium Species
	Microbiology and Pathogenesis
	Risk Factors and Clinical Syndromes
	Diagnosis and Therapy

	New References in the Seventh Edition
	References

	208 Miscellaneous Mycoses
	Yeasts
	Malassezia Species
	Trichosporon Species
	Rhodotorula mucilaginosa
	Talaromyces (Penicillium) marneffei

	Molds
	Phaeohyphomycosis: Cladophialophora bantiana and Bipolaris Species and Others
	Hyalohyphomycosis
	Paecilomyces Species
	Trichoderma longibrachiatum
	Acremonium Species

	New References Since the Seventh Edition
	References

	22 ■ Parasitic Diseases
	209 Classification and Nomenclature of Human Parasites
	Keywords
	New References Since The Seventh Edition
	References


	Subsection I
	210 Amebiasis
	Etiology
	Epidemiology
	Pathogenesis and Pathology
	Immunity
	Clinical Manifestations
	Intestinal Amebiasis
	Asymptomatic Intraluminal Amebiasis
	Entamoeba histolytica–Associated Diarrhea
	Acute Amebic Colitis
	Ameboma

	Extraintestinal Amebiasis
	Amebic Liver Abscess
	Metastatic Amebiasis


	Diagnosis
	Microscopic Examination of Stool
	Polymerase Chain Reaction, Real-Time Polymerase Chain Reaction, and Antigen Detection Tests
	Serologic Tests
	Noninvasive Diagnosis of Extraintestinal Amebiasis
	Biopsy Studies
	Differential Diagnosis

	Complications
	Treatment
	Intestinal Amebiasis
	Asymptomatic Intraluminal Amebiasis
	Acute Amebic Colitis

	Extraintestinal Amebiasis
	Amebic Liver Abscess and Metastatic Amebiasis


	Prognosis
	Future Considerations
	New References Since the Seventh Edition
	References


	211 Blastocystis hominis and Blastocystis spp. Infection
	Etiology and Pathogenesis
	Epidemiology and Clinical Manifestations
	Diagnosis
	Treatment
	New References Since the Sixth Edition
	References

	212 Entamoeba coli Infection
	Etiology and Pathogenesis
	Epidemiology and Clinical Manifestations
	Diagnosis and Treatment
	New References Since the Seventh Edition
	References

	213 Giardiasis
	Organism and Etiology
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment
	New References Since the Seventh Edition
	References

	214 Dientamoeba fragilis Infections
	Organism
	Epidemiology and Transmission
	Clinical Manifestations
	Diagnosis
	Treatment
	New References Since the Seventh Edition
	References

	215 Trichomonas Infections
	Microbiology
	Epidemiology
	Prevalence
	Risk Factors

	Transmission
	Pathology and Pathogenesis
	Immunology
	Clinical Manifestations
	Clinical Diagnosis
	Screening and Diagnosis
	Laboratory Tests
	Point-of-Care Tests
	Culture
	Nucleic Acid Amplification Tests
	Papanicolaou Smear
	Other Diagnostic Tests


	Treatment
	Prognosis
	New References Since the Seventh Edition
	References

	216 Balantidium coli Infection
	Etiology and Pathogenesis
	Epidemiology
	Clinical Manifestations
	Asymptomatic Infection
	Diarrhea
	Invasive Colonic Balantidiasis
	Metastatic and Extraintestinal Balantidiasis

	Diagnosis
	Treatment
	New References Since the Seventh Edition
	References

	217 Cryptosporidiosis
	Keywords
	Microbiology
	Life Cycle
	Epidemiology
	Transmission
	Pathology and Pathogenesis
	Immunology
	Clinical Manifestations
	Diagnosis
	Management
	Prevention
	New References Since the Seventh Edition
	References

	218 Cyclosporiasis, Cystoisosporiasis, and Microsporidiosis
	Cyclospora Cayetanensis
	Microbiology and Life Cycle
	Epidemiology and Transmission
	Clinical Manifestations
	Diagnosis
	Treatment

	Cystoisosporiasis
	Microbiology and Life Cycle
	Epidemiology and Transmission
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment

	Microsporidiosis
	Microbiology and Life Cycle
	Epidemiology
	Clinical Manifestations
	Intestinal and Biliary Tract Microsporidiosis
	Ocular Infection
	Other Clinical Presentations

	Diagnosis
	Treatment

	New References Since the Seventh Edition
	References

	219 Babesiosis
	Epidemiology
	Pathogenesis and Pathology
	Clinical Manifestations
	Diagnosis
	Prevention and Treatment
	New References Since the Seventh Edition
	References

	220 Malaria
	History
	Organism
	Epidemiology
	Transmission
	Epidemiologic Terminology
	Mosquito-borne Transmission
	Bloodborne Transmission
	Congenital Malaria
	Cryptic Malaria

	Host-Parasite Interaction
	Pathophysiology
	Clinical Manifestations and Laboratory Findings
	Severe and Complicated Malaria
	Severe Anemia
	Hypoglycemia
	Acid-Base Changes
	Renal Complications
	Respiratory Complications
	Cerebral Malaria
	Hyperreactive Malarial Syndrome (Tropical Splenomegaly Syndrome, Hyperreactive Malarial Splenomegaly)
	Malaria in Special Populations
	Malaria in Children
	Congenital Malaria
	Malaria in Pregnancy


	Diagnosis
	Microscopy
	Fluorescent Microscopy

	Detection of Parasite Antigen
	DNA Probe
	Polymerase Chain Reaction
	Flow Cytometry
	Antibody Detection

	Treatment
	Antimalarial Agents Available for Use in the United States
	Chloroquine
	Artemether-Lumefantrine
	Atovaquone-Proguanil
	Mefloquine
	Quinine and Quinidine
	Primaquine
	Tetracycline and Doxycycline

	Antimalarial Agents Not Currently Available or Recommended for Treatment of Malaria in the United States
	Other Artemisinin Derivatives
	Pyrimethamine-Sulfadoxine
	Amodiaquine
	Halofantrine

	Supportive Therapy
	Investigational Drugs and Adjunctive Therapy

	Prevention
	Personal Protective Measures
	Chemoprophylaxis
	Antimalarial Agents Available in the United States for Prevention of Malaria
	Chloroquine and Hydroxychloroquine
	Atovaquone-Proguanil
	Mefloquine
	Doxycycline
	Primaquine

	Antimalarial Agents Not Available or Recommended in the United States for Prevention of Malaria
	Tafenoquine
	Proguanil
	Pyrimethamine-Sulfadoxine

	Standby Emergency Self-Treatment
	Intermittent Preventive Treatment
	Vaccine

	New References Since the Seventh Edition
	References

	221 Leishmaniasis
	Keywords:
	Organism
	Epidemiology
	Old World Cutaneous Leishmaniasis
	Definition and Epidemiology
	Pathology
	Clinical Manifestations
	Diagnosis
	Treatment
	Prevention

	American Cutaneous Leishmaniasis
	Leishmania Mexicana Complex
	Leishmania Braziliensis Complex (Mucocutaneous Leishmaniasis)
	Diagnosis
	Treatment
	Prevention

	Visceral Leishmaniasis
	Pathology
	Clinical Manifestations
	Diagnosis
	Prognosis
	Treatment
	Prevention

	New References Since the Seventh Edition
	References

	222 Trypanosomiasis
	American Trypanosomiasis (Chagas Disease)
	Biology, Life Cycle, and Mechanisms of Transmission of Trypanosoma cruzi
	Epidemiology
	Pathology and Clinical Manifestations
	Acute and Indeterminate Phases of Chagas Disease
	Chronic Chagas Heart Disease
	Chronic Gastrointestinal Chagas Disease (Megadisease)
	Trypanosoma cruzi Infection, Immunosuppression, and Transplantation

	Diagnosis
	Treatment
	Chronic Symptomatic Chagas Disease

	Prevention and Control

	African Trypanosomiasis (Sleeping Sickness)
	Biology, Life Cycle, and Mechanisms of Transmission of African Trypanosomes
	Epidemiology
	Pathology and Clinical Manifestations
	Infants and Children

	Diagnosis
	Treatment
	Prevention

	Selected References
	References

	223 Naegleria, Acanthamoeba, and Balamuthia Infections
	Epidemiology
	Organisms
	Clinical Manifestations
	Naegleria Fowleri
	Acanthamoeba Species
	Acanthamoeba Keratitis
	Balamuthia Mandrillaris

	Neuroimaging
	Pathogenesis
	Pathology
	Diagnosis
	Direct Microscopic Identification
	Culture
	Serology
	Molecular Diagnostics

	Treatment
	Amebic Meningoencephalitis
	Amebic Keratitis

	Role of Acanthamoeba Species as Reservoirs of Intracellular Pathogens
	Prevention
	New References Since the Seventh Edition
	References

	224 Toxoplasmosis
	Organism and Transmission
	Epidemiology
	Acquired Infection
	Congenital Infection

	Pathology
	Immunology
	Clinical Syndromes
	Acute Acquired Toxoplasmosis
	Congenital Toxoplasmosis
	Ocular Toxoplasmosis

	Laboratory Diagnosis
	Serologic Methods
	Measurements of IgG Antibody
	Measurements of IgM Antibody
	Measurements of IgA and IgE Antibodies
	Differential Agglutination
	Multiplexed Serologic Assays
	Point of Care Testing

	Nonserologic Methods
	Isolation of the Organism
	Histology
	Antigen-Specific Lymphocyte Transformation
	Polymerase Chain Reaction
	Interferon-γ Release Assay

	Diagnosis in Specific Clinical Situations
	Acute Acquired Toxoplasmosis
	Toxoplasma Infection in Immunodeficient Children
	Toxoplasma Infection in Pregnant Women
	Fetal Diagnosis
	Diagnosis of Congenital Toxoplasmosis After Birth
	Ocular Toxoplasmosis


	Treatment
	Therapeutic Agents
	Spiramycin
	Pyrimethamine
	Leucovorin
	Sulfadiazine
	Clindamycin
	Other Antimicrobial Agents

	Therapy in Specific Clinical Settings
	Acquired Toxoplasmosis
	Treatment of Pregnant Women
	Postnatal treatment of congenital infection.
	Sequential fetal and postnatal treatment.

	Coexistent HIV Infection
	Recurrent Ocular Toxoplasmosis


	Prevention
	Acknowledgments
	New References Since the Seventh Edition
	References

	225 Pneumocystis Pneumonia
	Organism
	Transmission and Epidemiology
	Transmission
	Pneumocystis Pneumonia and AIDS
	Pneumocystis Pneumonia Not Associated With AIDS

	Immunopathogenesis
	Pathology
	Clinical Manifestations
	Diagnosis
	Prognosis
	Treatment
	Prevention
	References

	Subsection II Nematodes
	226 Parasitic Nematode Infections
	Intestinal Nematodes
	Ascaris lumbricoides
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis and Differential Diagnosis
	Treatment

	Prognosis
	Prevention
	Trichuris trichiura
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis and Differential Diagnosis
	Treatment
	Prevention

	Hookworms
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis and Differential Diagnosis
	Treatment
	Prevention

	Enterobius vermicularis
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis
	Treatment

	Strongyloides stercoralis and Strongyloides fuelleborni kellyi
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis and Differential Diagnosis
	Treatment
	Prognosis
	Prevention


	Aberrant Infections With Intestinal Nematodes
	Toxocara canis and Toxocara cati
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis and Differential Diagnosis
	Treatment
	Prognosis
	Prevention


	Other Aberrant Infections With Intestinal Nematodes
	Filarial Parasites
	Lymphatic Filariasis: Wuchereria Bancrofti and Brugia Species
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis and Differential Diagnosis
	Treatment
	Prevention

	Loa Loa
	Onchocerca volvulus (and “Nodding Syndrome”)
	Epidemiology
	Pathophysiology
	Clinical Manifestations
	Diagnosis and Differential Diagnosis
	Treatment
	Prevention

	Mansonella Perstans and Mansonella Ozzardi
	Dirofilaria immitis
	Dracunculus medinensis

	New References Since the Seventh Edition
	Intestinal Nematodes
	Ascaris lumbricoides
	Trichuris trichiura
	Hookworms
	Enterobius vermicularis
	Strongyloides stercoralis and Strongyloides fuelleborni
	Aberrant Infections With Intestinal Nematodes
	Filarial Parasites
	Onchocerca volvulus

	References
	Intestinal Nematodes
	Ascaris lumbricoides
	Trichuris trichiura
	Hookworms
	Enterobius vermicularis
	Strongyloides stercoralis and Strongyloides fuelleborni
	Aberrant Infections With Intestinal Nematodes
	Other Aberrant Infections With Intestinal Nematodes
	Filarial Parasites
	Lymphatic Filariasis: Wuchereria bancrofti and Brugia Species
	Loa loa
	Onchocerca volvulus
	Mansonella perstans and Mansonella ozzardi
	Dirofilaria immitis
	Dracunculus medinensis



	Subsection III Cestodes
	227 Cestodes
	Overview of Cestodes and Their Importance for Children
	Taenia saginata (Beef Tapeworm) Infection
	Organism
	Transmission
	Epidemiology
	Pathology and Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment
	Prognosis
	Prevention

	Taenia asiatica (Asian Pork Tapeworm)
	Organism
	Transmission
	Epidemiology
	Pathology and Pathogenesis
	Clinical Manifestations, Diagnosis, Treatment, and Prognosis
	Prevention

	Taenia Solium
	Organism
	Transmission
	Epidemiology
	Pathology and Pathogenesis
	Clinical Manifestations
	Taeniasis
	Cysticercosis
	Single enhancing lesions.
	Multiple cystic (viable) lesions.
	Cysticercal encephalitis.
	Parenchymal calcifications.
	Ventricular neurocysticercosis.
	Subarachnoid cysticercosis.
	Giant cysticerci.
	Other forms of cysticercosis.


	Diagnosis
	Taeniasis
	Neurocysticercosis

	Treatment
	Single Enhancing Lesions
	Multiple Parenchymal Lesions
	Cysticercal Encephalitis (Numerous Cysticerci With Cerebral Edema)
	Calcified Parenchymal Cysticerci
	Ventricular Neurocysticercosis
	Subarachnoid Neurocysticercosis
	Giant Subarachnoid Neurocysticercosis
	Other Forms of Neurocysticercosis

	Prognosis
	Prevention

	Coenurosis (Taenia multiceps, Others) and Cysticercosis Caused by Taenia crassiceps
	Diphyllobothrium Species (Fish Tapeworm)
	Organism
	Transmission
	Epidemiology
	Pathology and Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment and Prevention

	Dipylidium Caninum (Dog Tapeworm)
	Organism
	Transmission and Epidemiology
	Clinical Manifestations, Diagnosis, Prognosis, and Treatment

	Hymenolepis nana (Dwarf Tapeworm)
	Organism
	Transmission
	Epidemiology
	Pathology and Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment and Prognosis
	Prevention

	Hymenolepis diminuta (Rat Tapeworm)
	Sparganosis (Intermediate-Stage Spirometra Species Infection)
	Organism
	Transmission
	Epidemiology
	Pathology, Pathogenesis, and Clinical Manifestations
	Diagnosis
	Treatment and Prevention

	Echinococcus Granulosus and Related Species (Cystic Hydatid Disease)
	Organisms
	Transmission
	Epidemiology
	Pathology and Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment and Prognosis
	Prevention

	Other Echinococcus Species
	New References Since the Seventh Edition
	References


	Subsection IV Trematodes
	228 Foodborne Trematodes
	Liver Flukes
	Clonorchiasis and Opisthorchiasis
	Organisms
	Transmission and Epidemiology
	Pathology and Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment and Prognosis
	Prevention

	Fascioliasis
	Organisms
	Transmission and Epidemiology
	Pathology and Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment and Prognosis
	Prevention


	Lung Fluke
	Paragonimiasis
	Organisms
	Transmission and Epidemiology
	Pathology and Pathogenesis
	Clinical Manifestations
	Classical (pleuropulmonary) paragonimiasis.
	Nonclassical presentations.


	Diagnosis
	Treatment and Prognosis
	Prevention


	Intestinal Flukes
	Fasciolopsiasis
	Life Cycle
	Epidemiology
	Pathology
	Clinical Manifestations
	Diagnosis
	Treatment and Prognosis
	Prevention

	Heterophyiasis
	Organism
	Transmission and Epidemiology
	Pathology
	Clinical Manifestations
	Diagnosis
	Treatment and Prognosis

	Metorchiasis

	New References Since the Seventh Edition
	References


	229 Schistosomiasis
	Epidemiology
	Pathogenesis and Immunity
	Chronic Schistosomiasis
	Urinary Schistosomiasis

	Clinical Manifestations
	Cercarial Penetration
	Acute Schistosomiasis (Katayama Fever)
	Urinary Schistosomiasis
	Genital Schistosomiasis
	Intestinal Disease
	Hepatosplenic Disease (Hepatomegaly, Splenomegaly, and Portal Hypertension)
	Pneumonitis and Cor Pulmonale
	Central Nervous System Involvement
	Chronic or Recurrent Salmonellosis

	Diagnosis
	Treatment
	Prevention
	New References Since the Seventh Edition
	References

	Subsection V Arthropods
	230 Arthropods
	Ticks
	Tick Paralysis
	Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment

	Myiasis
	Etiology
	Epidemiology
	Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment


	Mites
	Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment

	Lice
	Pediculosis
	Pathogenesis
	Clinical Manifestations
	Diagnosis
	Treatment
	Head lice.
	Body lice.
	Pubic lice.



	Bed Bugs
	Pathogenesis and Clinical Manifestations
	Diagnosis
	Treatment
	Eradication

	Spiders
	Pathogenesis
	Clinical Manifestations
	Treatment

	Scorpions
	Pathogenesis and Clinical Manifestations
	Treatment

	Fleas
	Murine Typhus
	Pathogenesis and Clinical Manifestations
	Diagnosis
	Treatment

	Tungiasis

	New References Since the Seventh Edition
	References


	23 ■ Global Health
	231 Global Health
	Definition of Global Health
	History and Evolution of Global Health
	Social Determinants of Health
	Millennium Development Goals for Global Health and the New Sustainable Development Goals
	Future Direction of Global Health
	New References Since the Seventh Edition
	References


	232 International Travel Issues for Children
	Travelers Visiting Relatives and Family
	Pediatric Travelers and Health Risks Abroad
	General Approach to Pretravel Assessment for Children
	Vaccination for International Travel
	Routine Childhood Vaccinations for Pediatric Travelers
	Measles
	Hepatitis A
	Polio
	Influenza
	Neisseria meningitis
	Others Vaccine-Preventable Diseases

	Common Travel-Related Vaccines for Children
	Yellow Fever
	Japanese Encephalitis Virus
	Rabies
	Typhoid
	Cholera


	Prevention of Mosquito-Borne Illness
	Malaria
	Dengue
	Chikungunya
	Zika Virus
	Personal Protection Methods
	Antimalarial Medication


	Prevention of Traveler’s Diarrhea in Children
	Epidemiology of Traveler’s Diarrhea
	Preventive Counseling for Traveler’s Diarrhea
	Food and Beverage Precautions

	Managing Traveler’s Diarrhea in Children
	Antibiotics


	Prevention of Other Infectious Diseases in Pediatric Travelers
	General Travel Health Counseling for Children
	Pediatric Traveler’s Health Kit
	International Travel Information Resources
	New References Since the Seventh Edition
	References

	233 Infectious Disease Considerations in International Adoptees and Refugees
	Overall Evaluation
	Infectious Disease Screening
	Viral Hepatitis
	Hepatitis A
	Hepatitis B
	Hepatitis C
	Human Immunodeficiency Virus 1 and 2 Infections

	Bacterial Infections
	Syphilis
	Tuberculosis
	Enteric Bacterial Infections

	Intestinal Parasites
	Eosinophilia and Tissue Parasites
	Chagas Disease (American Trypanosomiasis)
	Malaria
	Multidrug-Resistant Organisms
	Other Testing


	Other Vaccine-Preventable Diseases
	Dermatologic Infections and Infestations

	Immunization Guidelines
	Conclusion
	New References Since the Seventh Edition
	References

	234 Antibiotic Resistance
	Resistance Genetics
	Plasmids
	Transposons and Integrative and Conjugative Elements
	Integrons
	Insertion Sequences
	Summary

	Resistance to Specific Antibiotics
	β-Lactam Antibiotics
	β-Lactamase Production
	Clinical relevance.
	Mechanisms of resistance.
	Bush-Jacoby group 1 (Ambler class C) AmpC β-lactamases.
	Bush-Jacoby group 2 (Ambler class A and D) β-lactamases.
	Early group 2 β-lactamases.
	Extended-spectrum β-lactamases.


	Group 2 carbapenemases.
	Bush-Jacoby group 3 (Ambler class B) metallo-β-lactamases.


	Alteration of Penicillin-Binding Proteins
	Clinical relevance.
	Mechanism of resistance.


	Macrolides, Lincosamides, and Streptogramins
	Clinical Relevance
	Mechanism of Resistance

	Trimethoprim and Sulfamethoxazole
	Clinical Relevance
	Respiratory tract infections: otitis media and pneumonia.
	Shigellosis.
	Urinary tract infections.
	Community-associated methicillin-resistant Staphylococcus aureus.

	Mechanisms of Resistance

	Aminoglycosides
	Clinical Relevance
	Mechanism of Resistance

	Glycopeptides
	Clinical Relevance
	Mechanisms of Resistance
	Resistance to oxazolidinone daptomycin, and ceftaroline.
	Oxazolidinones.
	Daptomycin.
	Ceftaroline.



	Quinolones
	Clinical Relevance
	Bacterial enteritis.
	Urinary tract infections.
	Community-acquired respiratory tract infections.
	Nosocomial infections.

	Mechanisms of Resistance
	Mutations of topoisomerase.
	Altered outer-membrane porin.
	Efflux.
	Plasmid-mediated quinolone resistance.
	Qnr proteins.
	AAC(6′)-Ib-cr gene.
	OqxAB and QepA efflux pumps.



	Polymyxins
	Clinical Significance
	Mechanisms of Resistance

	Chloramphenicol
	Clinical Relevance
	Mechanisms of Resistance


	New References Since the Seventh Edition
	References

	235 The Pharmacokinetic-Pharmacodynamic Interface
	Pharmacokinetic Determinants of Exposure
	Basic Terms
	Impact of Ontogeny on Pharmacokinetics
	Drug Absorption
	Distribution
	Renal Excretion
	Metabolism

	Phase I Pathways
	Phase II Pathways
	Pharmacokinetic Determinants of Effect
	Pharmacodynamic Determinants of Effect
	Effects Described by Pharmacokinetic Parameters and Conventional Susceptibility End Points
	Time Above the Minimal Inhibitory Concentration
	Concentration Above the Minimal Inhibitory Concentration
	Total Body Exposure Above the Minimal Inhibitory Concentration
	Optimal Surrogates for Drugs in Combination

	Effect of Suprainhibitory Antimicrobial Concentrations (Eagle Effect, Paradoxical Zone Phenomenon, Concentration Quenching)
	Effects of Subinhibitory Antimicrobial Concentration
	Effects That Persist After Antimicrobial Exposure (Postantibiotic Effect, Postantibiotic Leukocyte Enhancement, and Post–β-Lactamase Inhibitor Effect)
	Impact of Inoculum Size on the Concentration-Effect Relationship
	Concentration-Dependent Combination Effects (Synergy and Antagonism)

	Pharmacogenetic-Pharmacogenomic Determinants of Effect
	Conclusion
	Practicing Precision Medicine in Infectious Disease

	New References Since the Seventh Edition
	References

	236 Antibacterial Therapeutic Agents
	Clinical Pharmacology
	Agents That Target the Cell Wall
	β-Lactams
	Biochemical Structure
	Mechanism of Action

	Penicillins
	Natural Penicillins: Penicillin G and Penicillin V
	Penicillinase-Resistant Penicillins
	Aminopenicillins
	β-Lactam–β-Lactamase Inhibitor Combinations
	Amoxicillin-clavulanic acid.
	Ampicillin-sulbactam.
	Piperacillin-tazobactam.

	Adverse Effects and Sensitization

	Cephalosporins
	Pharmacokinetics
	First-Generation Cephalosporins
	Second-Generation Cephalosporins
	Cefaclor.
	Cefoxitin.
	Cefprozil.
	Cefuroxime.
	Cefuroxime axetil.

	Third-Generation Cephalosporins
	Cefotaxime.
	Ceftriaxone.
	Ceftazidime.
	Cefixime.
	Cefpodoxime proxetil.
	Ceftibuten.
	Cefdinir.
	Cefditoren pivoxil.

	Third-Generation Cephalosporin, β-Lactamase Combinations
	Ceftazidime-avibactam.
	Mechanisms of action.
	Mechanisms of resistance.
	In vitro activity.
	Pharmacokinetics.
	Indications for use.
	Adverse effects.

	Ceftolozane-tazobactam.
	Mechanisms of action.
	Mechanisms of resistance.
	In vitro activity.
	Pharmacokinetics.
	Indications for use.


	Fourth-Generation Cephalosporins
	Cefepime.

	Fifth-Generation Cephalosporins
	Ceftaroline.
	Mechanisms of action.
	Mechanisms of resistance.
	In vitro activity.
	Pharmacokinetics.
	Indications for use.
	Adverse effects.

	Adverse effects associated with cephalosporins in general.


	Monobactams
	Carbapenems
	Imipenem-Cilastatin
	Meropenem
	Mechanisms of action.
	Mechanisms of resistance.
	In vitro activity.
	Pharmacokinetics.
	Indications for use.
	Adverse effects.

	Ertapenem
	Doripenem
	Mechanisms of Resistance to β-Lactam Antibiotics

	Glycopeptides
	Vancomycin
	Mechanisms of action.
	Mechanisms of resistance.
	In Vitro activity.
	Pharmacokinetics.
	Indications for use.
	Adverse effects.


	Glycopeptides
	Telavancin
	Dalbavancin
	Mechanisms of action.
	In vitro activity.
	Pharmacokinetics.
	Indications for use.
	Adverse effects.

	Daptomycin

	Colistin (Colistimethate Sodium: Polymyxin E)
	Mechanisms of Action
	Mechanisms of Resistance
	In Vitro Activity
	Pharmacokinetics
	Indications for Use
	Adverse Effects


	Agents That Target Protein Synthesis
	Aminoglycosides
	Mechanisms of Action
	Mechanisms of Resistance
	In Vitro Activity
	Pharmacokinetics
	Indications for Use
	Adverse Effects

	Macrolides
	Mechanisms of Action
	Mechanisms of Resistance
	In Vitro Activity
	Pharmacokinetics
	Indications for Use
	Adverse Effects

	Chloramphenicol
	Mechanisms of Action
	Mechanisms of Resistance
	In Vitro Activity
	Pharmacokinetics
	Indications for Use
	Adverse Effects

	Tetracyclines
	Mechanisms of Action
	Mechanisms of Resistance
	In Vitro Activity
	Pharmacokinetics
	Indications for Use
	Adverse Effects

	Lincosamides
	Mechanisms of Action
	Mechanisms of Resistance
	In Vitro Activity
	Pharmacokinetics
	Indications for Use
	Adverse Effects

	Linezolid
	Mechanisms of Action
	Mechanisms of Resistance
	In Vitro Activity
	Pharmacokinetics
	Indications for Use
	Adverse Effects

	Tedizolid
	Mechanisms of Action
	Mechanisms of Resistance
	In Vitro Activity
	Pharmacokinetics
	Indications for Use
	Adverse Effects

	Rifamycins
	In Vitro Activity
	Pharmacokinetics
	Indications for Use
	Adverse Effects

	Antibiotics Interfering With Protein Synthesis Not Approved for Use in Children

	Agents That Target Nucleic Acid
	Fluoroquinolones
	Mechanisms of Action
	Mechanisms of Resistance
	In Vitro Activity
	Pharmacokinetics
	Indications for Use
	Adverse Effects

	Sulfonamides
	Trimethoprim-Sulfamethoxazole
	Mechanisms of action.
	Mechanisms of resistance.
	In vitro activity.
	Pharmacokinetics.
	Indications for use.
	Adverse effects.

	Erythromycin Ethylsuccinate–Sulfisoxazole Acetyl
	Metronidazole
	Mechanisms of action.
	Mechanisms of resistance.
	Pharmacokinetics.
	Indications for use.
	Adverse effects.



	Selected Aspects of the Administration of Antimicrobial Agents
	Dosage Schedules for Infants and Children
	Dosage Schedules for Newborn Infants
	Should Dosages Be Determined by Weight or by Surface Area?
	Use of Oral Preparations for Serious Infections
	Food Interference With the Absorption of Some Oral Antibiotics
	Intravenous Versus Intramuscular Administration
	“Push” Versus “Steady” or “Continuous Drip” Intravenous Administration
	Diffusion of Antimicrobial Agents Across Biologic Membranes
	Duration of Therapy
	Dosage Schedules in Children With Renal or Hepatic Insufficiency
	Topical Use of Antimicrobial Agents
	Current Use of Antimicrobial Agents for Prophylaxis
	Use of Antimicrobial Agents for Children in School or Group Daycare
	Restriction on Use of Antimicrobial Agents for Infants and Children
	Home Intravenous Antibiotic Therapy
	Drug-Drug Interactions

	Summary and Conclusions
	Acknowledgements

	New References Since the Seventh Edition
	References

	237 Antimicrobial Prophylaxis
	General Principles of Prophylaxis
	Bacterial Pathogen
	Disease
	Antimicrobial Agent

	Prophylaxis in Neonates
	Ophthalmia Neonatorum
	Group B Streptococcal Infections
	Necrotizing Enterocolitis
	Intravascular Catheter Insertion

	Disease-Targeted Prophylaxis
	Rheumatic Fever
	Primary Prevention
	Secondary Prevention

	Bacterial Endocarditis
	Recurrent Otitis Media
	Recurrent Urinary Tract Infection

	Postexposure Prophylaxis
	Pertussis
	Meningococcal Infections
	Haemophilus influenzae Type b Infections
	Tuberculosis

	Host-Targeted Prophylaxis
	Human and Animal Bites
	Asplenia
	Hemoglobinopathies
	Cerebrospinal Fluid Leakage

	Surgical Prophylaxis
	General Surgical Procedures
	Neurosurgical Procedures
	Cardiovascular Surgery

	New References Since the Seventh Edition
	References

	238 Outpatient Intravenous Antimicrobial Therapy for Serious Infections
	Evaluating a Child and Parents for Outpatient Parenteral Antimicrobial Therapy
	Outpatient Parenteral Antimicrobial Therapy Program
	Infections Suitable for Outpatient Parenteral Antimicrobial Therapy
	Delivery of Antimicrobial Therapy
	Selection of an Antimicrobial Agent
	Delivery of Antimicrobial Agents

	Outcome Analysis
	Summary
	New References Since the Seventh Edition
	References

	239 Antiviral Agents
	Antiviral Agents Active Against RNA Viruses
	Amantadine and Rimantadine
	Spectrum of Activity
	Mechanism of Action and Resistance
	Pharmacokinetics
	Clinical Indications, Dosage, and Adverse Effects
	Clinical indications.
	Dosage.
	Adverse effects.


	Neuraminidase Inhibitors (Zanamivir, Oseltamivir, Peramivir, and Laninamivir)
	Spectrum of Activity
	Mechanism of Action and Resistance
	Pharmacokinetics
	Clinical Indications, Dosage, and Adverse Effects
	Clinical indications.
	Dosage.
	Adverse effects.


	Ribavirin
	Spectrum of Activity

	Mechanism of Action and Resistance
	Pharmacokinetics
	Clinical Indications, Dosage, and Adverse Effects
	Clinical indications.
	Dosage.
	Adverse effects.


	Pleconaril and Pocapavir
	Spectrum of Activity
	Mechanism of Action and Resistance
	Pharmacokinetics
	Clinical Indications, Dosage, and Adverse Effects
	Clinical indications.
	Dosage.
	Adverse effects.



	Antiviral Agents Active Against DNA Viruses
	Acyclovir
	Spectrum of Activity
	Mechanism of Action and Resistance
	Pharmacokinetics
	Clinical Indications, Dosage, and Adverse Effects
	Clinical indications.
	Dosage.
	Adverse effects.


	Valacyclovir
	Spectrum of Activity
	Mechanism of Action and Resistance
	Pharmacokinetics
	Clinical Indications, Dosage, and Adverse Effects
	Clinical indications.
	Dosage.
	Adverse effects.


	Penciclovir
	Spectrum of Activity
	Mechanism of Action and Resistance
	Pharmacokinetics
	Clinical Indications, Dosage, and Adverse Effects

	Famciclovir
	Spectrum of Activity
	Mechanism of Action and Resistance
	Pharmacokinetics
	Clinical Indications, Dosage, and Adverse Effects
	Clinical indications.
	Dosage.
	Adverse effects.


	Ganciclovir
	Spectrum of Activity
	Mechanism of Action and Resistance
	Pharmacokinetics
	Clinical Indications, Dosage, and Adverse Effects
	Clinical indications.
	Dosage.
	Adverse effects.


	Valganciclovir
	Spectrum of Activity
	Mechanism of Action and Resistance
	Pharmacokinetics
	Clinical Indications, Dosage, and Adverse Effects

	Foscarnet
	Spectrum of Activity
	Mechanism of Action and Resistance
	Pharmacokinetics
	Clinical Indications, Dosage, and Adverse Effects
	Clinical indications.
	Dosage.
	Adverse effects.


	Cidofovir and Brincidofovir
	Spectrum of Activity
	Mechanisms of Action and Resistance
	Pharmacokinetics
	Clinical Indications, Dosage, and Adverse Effects
	Clinical indications.
	Dosage.
	Adverse effects.


	Maribavir and Letermovir
	Spectrum of Activity and Mechanisms of Resistance
	Pharmacokinetics
	Clinical Indications, Dosage, and Adverse Effects
	Clinical indications.
	Dosage.
	Adverse effects.



	New References Since the Seventh Edition
	References

	240 Antifungal Agents
	Agents for Treatment of Invasive Mycoses
	Polyene Antibiotics
	Amphotericin B Deoxycholate
	Mechanism of action.
	Antifungal activity.
	Pharmacodynamics.
	Pharmacokinetics.
	Adverse effects.
	Therapeutic monitoring.
	Drug interactions.
	Indications.

	Amphotericin B Lipid Formulations
	Physicochemical properties and pharmacokinetics.
	Safety and antifungal efficacy.
	Experience in pediatric patients.
	ABCD.
	ABLC.
	L-AmB.
	Indications.

	Flucytosine
	Antifungal activity.
	Pharmacodynamics.
	Pharmacokinetics.
	Adverse effects.
	Drug interactions.
	Clinical indications.

	Antifungal Triazoles
	Mechanism of action.
	Antifungal activity.
	Resistance.

	Fluconazole
	Pharmacodynamics.
	Pharmacokinetics.
	Adverse effects.
	Drug interactions.
	Clinical indications.

	Itraconazole
	Pharmacodynamics.
	Pharmacokinetics.
	Adverse effects.
	Drug interactions.
	Clinical indications.

	Posaconazole
	Pharmacodynamics.
	Pharmacokinetics.
	Adverse effects.
	Drug interactions.
	Clinical efficacy.
	Approval status and dosing.

	Voriconazole
	Pharmacodynamics.
	Pharmacokinetics.
	Adverse effects.
	Drug interactions.
	Clinical efficacy.
	Approval status and dosing.

	Isavuconazole
	Pharmacodynamics.
	Pharmacokinetics.
	Adverse effects.
	Drug interactions.
	Clinical efficacy.
	Approval status and dosing.

	Echinocandin Lipopeptides
	Mechanism of action.
	Antifungal activity.
	Resistance.
	Pharmacodynamics.
	Pharmacokinetics.
	Adverse effects.
	Drug interactions.

	Caspofungin
	Clinical efficacy.
	Approval status and dosing.

	Anidulafungin
	Clinical efficacy.
	Approval status and dosing.

	Micafungin
	Clinical efficacy.
	Approval status and dosing.


	Agents for Systemic Treatment of Mycoses of the Skin and Its Appendages
	Griseofulvin
	Mechanism of action.
	Antifungal activity.
	Pharmacokinetics.
	Adverse effects.
	Drug interactions.
	Indications.

	Terbinafine
	Antifungal activity.
	Pharmacokinetics.
	Adverse effects.
	Drug interactions.
	Clinical indications.



	Topical Antifungal Agents
	Topical Therapeutics for Superficial Skin Infections
	Topical Therapeutics for Mucosal Candidiasis

	Future Directions
	New References Since the Seventh Edition
	References

	241 Drugs for Parasitic Infections*
	Principal Adverse Effects of Antiparasitic Drugs

	242 Immunomodulating Agents
	Monoclonal Antibodies
	Monoclonal Antibody Preparations in Sepsis and Bacterial Infections
	Monoclonal Antibody Therapy for Viral Infections

	Cytokines
	Lymphokines and Monokines
	Colony-Stimulating Factors

	Interferons
	Interferon-α and Interferon-β
	Interferon-γ

	Toll-Like Receptors
	Neutrophils and Complement
	Bactericidal/Permeability-Increasing Factor and Defensins
	Platelet-Activating Factor
	Nitric Oxide
	Nanotechonology and Other Novel Techniques
	Conclusion
	New References Since the Seventh Editions
	References

	243 Probiotics
	Definitions
	Probiotic Microorganisms
	Prebiotics and Synbiotics

	Mechanism of Action
	Probiotics and Prebiotics for Prevention and Treatment of Clinical Conditions
	Acute Infectious Diarrhea
	Antibiotic-Associated Diarrhea
	Nosocomial Diarrhea
	Persistent Diarrhea
	Functional Gastrointestinal Disorders
	Helicobacter Pylori Infection
	Inflammatory Bowel Disease
	Liver Disease
	Allergic and Atopic Diseases
	Human Immunodeficiency Virus Infection
	Upper and Lower Respiratory Tract Infections
	Necrotizing Enterocolitis and Neonatal Sepsis

	Safety of Probiotics and Prebiotics in Infants and Children
	Infectious Diseases Related to Probiotic Use
	New References Since the Seventh Edition
	References

	244 Health Care–Associated Infections
	Historical Background
	Spread of Communicable Infections in Health Care Facilities
	General Principles
	Modes of Transmission
	Standard and Transmission-Based Precautions
	Respiratory Viruses
	Pertussis
	Gastrointestinal Viruses
	Clostridium Difficile
	Other Gastrointestinal Bacteria
	Varicella Zoster Virus
	Cytomegalovirus
	Herpes Simplex Virus
	Measles, Mumps, and Rubella Viruses
	Parvovirus B19
	Hepatitis A Virus
	Enteroviruses
	Tuberculosis
	Invasive Bacterial Infections
	Ectoparasites
	Intestinal Helminths

	Health Care–Associated Infections Due to Invasive Devices and Procedures
	Infections Related to Intravascular Catheters and Infusions
	Infections Related to Respiratory Therapy
	Infections Related to Instrumentation of the Urinary Tract
	Infections Related to Surgical Procedures

	Health Care–Associated Infections Caused by Special Pathogens
	Methicillin-Resistant Staphylococcus Aureus
	Vancomycin-Resistant Enterococci
	Multidrug-Resistant Gram-Negative Bacilli
	Clostridium Difficile
	Emerging and Reemerging Pathogens

	Health Care–Associated Infections in Special Populations
	Neonates
	Immunocompromised Children
	Children With Burns
	Children With Cystic Fibrosis
	Children Undergoing Dialysis
	Children in Long-Term Care Facilities

	Infection Prevention and Control Programs in Health Care Facilities
	Organization and Activities of Health Care Infection Control Programs
	Surveillance Strategies
	Outbreak Investigation
	Policies and Procedures
	Hand Hygiene
	Isolation Precautions
	Standard Precautions
	Transmission-Based Precautions

	Visitors
	Occupational Health
	Evaluation of Ill Health Care Workers
	Postexposure Evaluation and Management of Health Care Workers
	Prevention of Occupationally Acquired Infections by Health Care Workers

	Reprocessing of Reusable Patient Care Items
	Education and Training of Heath Care Workers
	Product Evaluation

	Antimicrobial Stewardship Programs in Health Care Facilities
	New References Since the Seventh Edition
	References

	245 Active Immunizing Agents
	Active Immunoprophylaxis: Considerations and Recommendations
	Vaccines
	Immunization Schedules
	Route of Administration
	Vaccine Dose
	Lapsed Immunizations
	Simultaneous Administration of Multiple Vaccines
	Record Keeping, Patient Information, Informed Consent, and Reporting
	Vaccine Recommendations and Schedules
	Implementation of Vaccine Programs
	Vaccine Contraindications, Precautions, and Use in Special Circumstances
	Misconceptions
	International Travel
	Vaccine Safety

	Reference Sources

	Vaccines Recommended for Routine Administration
	Diphtheria Toxoid
	Preparations
	Immunogenicity
	Adverse Events
	Indications
	Precautions and Contraindications

	Haemophilus influenzae Type b Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Precautions and Contraindications

	Hepatitis A Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Postexposure Prophylaxis
	Precautions and Contraindications

	Hepatitis B Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Contraindications

	Human Papillomavirus Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Contraindications and Precautions

	Influenza Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Precautions and Contraindications

	Measles Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Precautions and Contraindications

	Meningococcal Vaccine
	Preparations
	MenACWY vaccines.
	MenB vaccines.

	Immunogenicity and Efficacy
	MenACWY vaccines.
	MenB vaccine.

	Adverse Events
	MenACWY vaccines.
	MenB vaccine.

	Indications
	Meningococcal polysaccharide vaccine.
	Meningococcal conjugate vaccines.
	MenB vaccines.

	Postexposure Immunoprophylaxis
	Precautions and Contraindications

	Mumps Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Precautions and Contraindications

	Pertussis Vaccine
	Preparations
	Immunogenicity
	Efficacy
	Adverse Events
	Serious Neurologic Illness
	Indications
	Contraindications and Precautions

	Pneumococcal Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Contraindications

	Poliovirus Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Precautions and Contraindications

	Rotavirus Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Contraindications and Precautions

	Rubella Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Precautions and Contraindications

	Tetanus Toxoid
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Preexposure indications.
	Antepartum indications.
	Postexposure wound management.

	Precautions and Contraindications

	Varicella Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Postexposure prophylaxis.

	Precautions and Contraindications

	Diseases for Which Combination Vaccines Are Available

	Vaccines With Selective Indications for Children and Adolescents
	Bacille Calmette-Guérin Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Skin Test Reactivity
	Precautions and Contraindications

	Cholera Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Precautions and Contraindications

	Japanese Encephalitis Virus Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Reactions
	Indications
	Precautions and Contraindications

	Rabies Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications and Precautions
	Postexposure prophylaxis.
	Preexposure prophylaxis.

	Precautions and Contraindications

	Typhoid Vaccine
	Preparations
	Efficacy
	Adverse Events
	Indications
	Contraindications

	Yellow Fever Vaccine
	Preparations
	Immunogenicity and Efficacy
	Adverse Events
	Indications
	Precautions and Contraindications

	Vaccines Related to Bioterrorism
	Investigational Vaccines

	New References Since the Seventh Edition
	References

	246 Passive Immunization
	Principles of Passive Immunity
	Definition
	Animal Sera and Antitoxins
	Sensitivity Tests for Animal Serum
	Administration of Animal Serum
	Hypersensitivity Reactions to Animal Serum
	Treatment of Hypersensitivity Reactions to Animal Serum

	Human Immune Serum Globulin
	Intramuscular Immunoglobulin
	Pharmacology.
	Intramuscular immunoglobulin in antibody immunodeficiency.
	Intramuscular immunoglobulin and special intramuscular immunoglobulins for prevention of infectious diseases.
	Adverse effects of intramuscular immunoglobulin.

	Intravenous Immunoglobulin
	Pharmacology.
	Administration of intravenous immunoglobulin.
	Side effects of intravenous immunoglobulins.
	Severe immediate reactions.
	Immediate reactions in immunoglobulin A–deficient patients.
	Aseptic meningitis.
	Renal complications.
	Thrombotic complications.
	Rare side effects.

	Transmission of pathogens, including hepatitis C, by intravenous immunoglobulin.
	Intravenous immunoglobulin and intramuscular immunoglobulin inhibition of vaccine antibody responses.
	Intravenous immunoglobulin in primary immunodeficiencies.
	Special uses of intravenous immunoglobulin in antibody deficiencies.

	Subcutaneous Human Immunoglobulin
	Immunoglobulin Administration by Oral, Intrathecal, Aerosol, and Local Routes
	Oral immunoglobulin.
	Rotavirus infection.
	Necrotizing enterocolitis.
	Cryptosporidial infection.
	Other diarrheas.

	Aerosolized and intratracheal immunoglobulin.
	Intrathecal immunoglobulin.
	Other administration routes.


	Immunoglobulin in Secondary Immunodeficiencies
	Hematologic and Oncologic Diseases
	Protein-Losing States: Enteropathy, Nephrotic Syndrome, and Plastic Bronchitis
	Intensive Care Patients: Trauma, Surgery, and Septic Shock
	Prematurity
	Transplantation
	Burns
	Human Immunodeficiency Virus Infection

	Intravenous Immune Globulin in Immunoregulatory and Neurologic Disorders
	Monoclonal Antibodies
	Nomenclature and Structure
	Uses of monoclonal antibodies.



	Passive Immunity in Bacterial Diseases
	Anthrax
	Recommendations

	Botulism, Botulinum Antitoxin, and Botulism Immunoglobulin
	Recommendations

	Other Clostridial Infections
	Clostridium difficile Infections
	Recommendations.

	Gas Gangrene (Clostridium Perfringens)
	Tetanus (Clostridium tetani)

	Diphtheria and Diphtheria Antitoxin
	Recommendations

	Pertussis
	Recommendations

	Respiratory and Other Bacterial Infections
	Otitis Media
	Sinusitis
	Lower Respiratory Tract Infections
	Cystic Fibrosis
	Burn Infections
	Gram-Negative Infections
	Newborn Sepsis

	Staphylococcal Infections
	Staphylococcal Toxic Shock Syndrome
	Neonatal Staphylococcal Infections
	Refractory Staphylococcal Infections
	Recommendations

	Streptococcal Infections
	Invasive Group A Streptococcal Infections
	Streptococcal Toxic Shock Syndrome
	PANDAS Syndrome and Sydenham Chorea
	Recommendations

	Tetanus, Tetanus Antitoxin, and Tetanus Immunoglobulin
	Recommendations
	Prophylaxis.
	Treatment.



	Passive Immunity in Viral Infections
	Enteroviruses
	Poliovirus
	Recommendations.

	Other Enteroviruses
	Meningoencephalitis.
	Neonatal enteroviral infection.
	Recommendations.


	Hepatitis A
	Recommendations
	Household and sexual contacts.
	School exposure.
	Institutional outbreaks.
	Hospital and clinic exposure.
	Common source exposure.
	Community outbreaks.
	Foreign travel.
	Primate exposure.
	Needle exposure.
	Newborn infants of infected mothers.


	Hepatitis B and Hepatitis B Immunoglobulin
	Immune Globulin Use in Hepatitis B
	Hepatitis B Immunoglobulin
	Prevention of Vertical Transmission
	Hepatitis B Immunoglobulin in Liver Transplantation
	Recommendations.
	Prophylaxis.
	Exposure to blood that contains or may contain hepatitis B surface antigen.
	Perinatal exposure.

	Infants born to mothers who are HbsAg positive.
	Term infants born to mothers not tested for HBsAg.
	Premature infants.
	Sexual exposure to hepatitis B or a carrier of hepatitis B.
	Possible exposure.
	Liver transplantation.



	Hepatitis C
	Experimental Hepatitis C Immunoglobulin
	Recommendations.


	Herpesviruses
	Cytomegalovirus
	Use of cytomegalovirus intravenous immunoglobulin or intravenous immunoglobulin in transplantation.
	Use of cytomegalovirus intravenous immunoglobulin in perinatal cytomegalovirus infection.
	Recommendations.

	Epstein-Barr Virus
	Recommendations.

	Herpes Simplex Infections
	Recommendations.

	Varicella-Zoster Virus and Varicella-Zoster Immunoglobulin
	Immunoglobulin for varicella.
	Varicella-zoster immunoglobulin for varicella.
	Intravenous immunoglobulin for varicella prophylaxis.
	Recommendations.
	Determination of susceptibility.
	Type of exposure.
	Candidates for varicella-zoster immunoglobulin or intravenous immunoglobulin.
	Normal adults, children, and adolescents.
	Immunocompromised children and adults.
	Term and premature newborns.

	Dosage.



	Human Immunodeficiency Virus Infection
	Recommendations.

	Measles
	Recommendations.

	Mumps
	Parvovirus
	Recommendations.

	Rabies and Rabies Immunoglobulin
	Recommendations.

	Respiratory Syncytial Virus
	Respiratory Syncytial Virus Intravenous Immunoglobulin
	Palivizumab
	Passive Immunity in Respiratory Syncytial Virus Treatment
	Recommendations.
	Candidates for prophylaxis.
	Possible indications.
	Dosage and administration.



	Rotavirus
	Recommendations.

	Rubella
	Recommendations.

	Vaccinia, Variola, and Vaccinia Immunoglobulin
	Intramuscular Vaccinia Immunoglobulin and Intravenous Vaccinia Immunoglobulin
	Recommendations.


	Regional Viruses
	Argentine Hemorrhagic Fever
	Ebola Infection
	Recommendations.

	Tickborne Encephalitis


	Acknowledgments
	New References Since the Seventh Edition
	References

	24 ■ Other Preventative Considerations
	247 Public Health Aspects of Infectious Disease Control
	Public Health and Infectious Disease Clinicians
	Public Health
	Infectious Disease Surveillance
	How Public Health Can Assist Clinicians
	Outbreak Investigation
	Prepare for Fieldwork

	Public Health Prevention and Control Measures
	Isolation
	Quarantine
	Preexposure and Postexposure Prophylaxis

	Common Patterns of Disease Spread
	Animal-to-Person Spread
	Person-to-Person Spread

	Examples of Exposure Sources
	Contaminated Food
	Recreational Water
	Unpasteurized Milk

	Vectorborne Disease
	Bioterrorism and Natural Disasters

	Common Disease Transmission Settings
	Households
	Child Care Centers
	Schools

	Health Information for International Travel
	Summary
	New References Since the Seventh Edition
	References


	248 Infections in Out-of-Home Child Care
	Factors Affecting Transmission of Infectious Agents
	Modes of Transmission of Infectious Diseases in Out-of-Home Child Care
	Respiratory
	Gastrointestinal
	Skin to Skin
	Blood, Urine, and Saliva

	Prevention and Control of Infections in Out-of-Home Child Care
	Written Policies
	Hand Hygiene
	Environment and Physical Plant Standards
	Food Preparation
	Immunization and Screening of Children and Staff
	Exclusion Policy
	Prophylaxis of Close Contacts
	Education

	Infectious Agents in Child Care
	Infections Spread by the Respiratory Route
	Upper Respiratory Infections
	Systemic Viral Infections
	Parvovirus B19.
	Hand-Foot-and-Mouth Disease.

	Local Bacterial Infections
	Streptococcus pyogenes or Group A Streptococcus.

	Invasive Bacterial Disease
	Kingella kingae.
	Neisseria meningitidis.
	Mycobacterium tuberculosis.


	Infections of the Gastrointestinal Tract
	Parasitic Infections
	Giardia lamblia.
	Cryptosporidium.

	Bacterial Pathogens
	Shigella.
	Salmonella.
	Clostridium difficile.
	Shiga toxin−producing strains of Escherichia coli.

	Viral Gastrointestinal Pathogens

	Infections Spread by Skin Contact
	Staphylococcus aureus
	Scabies
	Head Lice

	Infections Spread by Contact With Blood, Urine, or Saliva
	Cytomegalovirus
	Herpes Simplex Virus
	Human Immunodeficiency Virus

	Vaccine-Preventable Diseases
	Diphtheria
	Haemophilus influenzae Type B
	Streptococcus pneumoniae
	Influenza
	Varicella
	Measles
	Rubella
	Pertussis
	Poliomyelitis
	Mumps
	Rotavirus
	Hepatitis A Virus
	Hepatitis B Virus


	New References Since Seventh Edition
	References

	249 Animal and Human Bites
	Historical Aspects
	Epidemiology
	Microbiology
	Clinical Manifestations
	Diagnosis and Treatment
	Reptile Bites
	Prevention
	New References Since the Seventh Edition
	References

	250 Bioterrorism
	History
	Epidemiology
	Critical Biologic Agents
	Anthrax
	Smallpox
	Plague
	Tularemia
	Botulism
	Viral Hemorrhagic Fever

	Preparedness and Response
	New References Since the Seventh Edition
	References

	251 Bacterial Laboratory Diagnosis
	Culture-Based Detection
	Specimen-Specific Collection and Cultivation Requirements
	Bloodstream Infection
	Respiratory Tract Infections
	Central Nervous System Infections
	Urinary Tract Infections
	Gastrointestinal Infections


	Non–Culture-Based Detection Methods
	Microscopy
	Mass Spectrometry
	Molecular Diagnostic Techniques
	Molecular Methods for Atypical Organisms
	Bordetella pertussis
	Tuberculosis
	Clostridium difficile
	Neisseria gonorrhoeae and Chlamydia trachomatis

	Sequence-Based Technologies

	New References Since the Seventh Edition
	References

	252 Fungal Laboratory Analysis
	Specimen Collection
	Direct Detection
	Primary Isolation Media
	New References Since the Seventh Edition
	References

	253 Viral Laboratory Diagnosis
	Specimen Collection and Transport
	Specimen Collection Sites
	Collection of Specimens
	Throat
	Nose and Nasopharynx
	Other Respiratory Specimens (Sputum, Tracheal Aspirates, Bronchial Washings, Bronchoalveolar Lavage)
	Eye
	Body Fluids Other Than Blood
	Lesions
	Stool and Rectal Specimens
	Blood
	Bone Marrow
	Biopsy Specimens
	Autopsy Specimens

	Transport to the Laboratory

	Laboratory Diagnosis of Viral Infections
	Virus Isolation
	Traditional Culture
	Modified Culture

	Direct Detection
	Cytology
	Antigen Detection
	Immunofluorescence
	Enzyme-Linked Immunosorbent Assays
	Nucleic Acid Detection

	CLIA-Waived Nucleic Acid Amplification Tests
	Single-Analyte Nucleic Acid Amplification Tests
	Multiplexed Assays
	Highly Multiplexed Assays
	Viral Nucleic Acid Quantitation Assays

	Summary
	New References Since The Seventh Edition
	Reference

	254 Parasitic Laboratory Diagnosis
	Stool Specimens for Detection of Intestinal Parasites
	Other Specimens for DeteCtion of Intestinal Parasites
	Stool Processing and Examination for Parasites
	Blood Parasites
	Blood Processing and Examination for Parasites

	Urogenital Specimens
	Serology

	Other Specimens
	New References Since the Seventh Edition
	References


