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Preface

This, the sixteenth edition of Bailey & Scotts Diagnostic
Microbiology, is the fourth edition that I have had the great
pleasure to edit and author with some amazing colleagues.
The dynamics of infectious disease trends, along with the
technical developments available for diagnosing, treating,
and controlling diseases, continues to present major chal-
lenges in the laboratory and medical care. In meeting these
challenges, the primary goal for the sixteenth edition is to
provide an updated and reliable reference text for practic-
ing clinical microbiologists and technologists while also
presenting this information in a format that supports the
educational efforts of those responsible for preparing oth-
ers for a career in medical and diagnostic microbiology. The
text retains the traditional information needed to develop a
solid, basic understanding of diagnostic microbiology while
integrating the dynamic expansion of molecular diagnostics,
automation, artificial intelligence (AI), and matrix-assisted
laser desorption time-of-flight mass spectrometry.

We have kept the favorite features and adjusted in
response to important critical input from users of the text.
The succinct presentation of each organism group’s key
laboratory, clinical, epidemiologic, and therapeutic features
in tables and figures has been kept and updated. Regarding
content, the major changes reflect the changes that the dis-
cipline of diagnostic microbiology continues to experience.
Also, although the grouping of organisms into sections
according to key features (e.g., Gram reaction, catalase or
oxidase reaction, growth on MacConkey agar) has remained,
changes regarding the genera and species discussed in these
sections have been made. These changes, along with changes
in organism nomenclature, were made to accurately reflect
the changes that have occurred, and continue to occur, in
taxonomy. Also, throughout the text, the content has been
altered to minimize the use of gender specific terminol-
ogy where appropriate to recognize the unique nature and

changes in population dynamics and environmental fac-
tors that contribute to the development, transmission, and
treatment in infectious disease. Finally, although some clas-
sic methods for bacterial identification and characterization
developed over the years (e.g., catalase, oxidase, Gram stain)
continue to play a critical role in today’s laboratory, others
have given way to commercial identification systems. We
realize that in a textbook such as this, a balance is needed
for practicing and teaching diagnostic microbiology; our
selection of identification methods that receive the most
detailed attention may not always meet the needs of every-
one. However, we have tried to be consistent in selecting
those methods that reflect the common practices in clinical
microbiology laboratories, along with those that present his-
torical information required to educate others.

Finally, in terms of organization, the sixteenth edition
includes a variety of instructor ancillaries available on the
Evolve website, including an expanded test bank, updated
PowerPoints, a laboratory manual with answers, review
questions with answer keys, and an electronic image collec-
tion. Student resources include a laboratory manual, review
questions, online case studies, and online procedures.

We sincerely hope that clinical microbiology practitio-
ners and educators continue to find Bailey & Scotts Diagnos-
tic Microbiology, sixteenth edition, a worthy and useful tool
to support their professional activities.

Acknowledgments
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Microbial Taxonomy

OBJECTIVES

1. Define classification, identification, species, genus, type
genus, and binomial nomenclature.

2. Accurately apply binomial nomenclature in the
identification of microorganisms, including syntax,
capitalization, and punctuation.

3. Differentiate the major microorganism domains Eukarya,
Archaea, and Bacteria (Eubacteria).

4. ldentify a microorganism’s characteristics as either
phenotypic or genotypic.

5. Define polyphasic taxonomy and chemotaxonomic
methods and how they are being applied to the
classification of microorganisms.

6. Describe how the classification, naming, and identification
of organisms play a role in diagnostic microbiology in the
clinical setting.

he science of taxonomy is a systematic process

applied to all living entities, providing a consistent

means to classify, name (nomenclature), and identify
organisms. This consistency allows biologists worldwide to
use a common label for every organism studied within the
multitude of biologic disciplines. The common language of
taxonomy minimizes confusion about organisms names,
physiology, and biologic relatedness. Taxonomy is impor-
tant in the phylogeny (the evolutionary history of organ-
isms) and scientific study of all living things in virtually
every biologic discipline, including microbiology.

As a result of the advances in molecular biology, tra-
ditional taxonomy based on genotypic, phenotypic, and
phylogenetic or evolutionary relationships encompasses
a multifaceted analysis of epigenetic (variations in gene
expression not caused by nucleic acid sequence similarities
or differences) and chemotaxonomic methods (chemical
constituents of the cell). This method of classification, or
polyphasic taxonomy, is a more detailed and complex sys-
tem using ribosomal ribonucleic acid (rRNA) sequences,
whole genome sequences, epigenetics, and mass spectrom-
etry (MS). The “gold standard” for classification of bacte-
rial species has historically been based on deoxyribonucleic
acid (DNA), including DNA-DNA hybridization (DDH)
patterns and 16S rRNA gene (16S rDNA) sequence
homology. With the implementation of next-generation
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sequencing, a more detailed analysis of organism genomes,
including the average nucleotide identity (ANI), multilo-
cus phylogenetic, and genome-to-genome distance (GGD)
analyses, permits the resolution of microorganisms from
closely related subspecies to specific species. Not all param-
eters clearly delineate each organism to the species level.
In other words, some characteristics may strengthen the
organization of the genus, and some may be useful at the
species level. Species identification techniques have distinct
variations in cutoff values or thresholds for the differen-
tiation of organisms at the genus and species levels. The
comparative thresholds indicate the likelihood that two
genomes are from the same organism (Table 1.1). When
using a single sequence such as the 16S rRNA, the possibil-
ity of gene transfer may also affect genotypic classification.
Although 16S rRNA sequences are evolutionarily highly
conserved, ANI analysis evaluates multiple coding regions
across an entire genome, making the genomic analysis more
detailed and accurate. Finally, lateral gene transfer among
organisms, particularly bacteria, creates difficulty in the
classification of organisms according to phenotypic or bio-
chemical traits and genotypic criteria such as guanine and
cytosine (DNA G+C) content, which has historically been
the hallmark of diagnostic microbiology. Molecular meth-
ods have provided a means for identifying the historical
core genomes used in classification and species identifica-
tion. However, it is important to recognize that phenotypic
expression and classification of organisms will continue to
be compounded by the variation in genomes as a result of
gene transfer among organisms.

In addition to more advanced genomic analysis, che-
motaxonomic methods are more frequently being applied
to the identification and classification of microorganisms.
These methods include protein studies, fatty acid analysis,
and cell wall composition. Mass spectrometry (MS) and
matrix-assisted laser desorption ionization time-of-flight
MS (MALDI-TOF MS) use the separation and analysis of
high-abundance proteins and peptides to classify and iden-
tify bacterial isolates. Techniques such as rapid evaporative
ionization MS (REIMS) can identify molecules and cre-
ate images of tissues and microorganisms from laboratory
growth medium. Beyond genomics, this polyphasic analysis
provides a mechanism to use MS data in conjunction with

1
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TABLE
Identification Criteria and Characteristics for Microbial Classification

Criteria

Phenotypic
Macroscopic morphology

Characteristics

The microbial growth patterns on artificial media as observed when inspected with the unaided eye.
Examples include the size, texture, and pigmentation of bacterial colonies.

Microscopic morphology

The size, shape, intracellular inclusions, cellular appendages, and arrangement of cells when observed
with the aid of microscopic magnification.

Staining characteristics

The ability of an organism to reproducibly stain a particular color with the application of specific
dyes and reagents. Staining is used in conjunction with microscopic morphology for bacterial
identification. For example, the Gram stain for bacteria is a critical criterion for differential
identification.

Environmental
requirements

The ability of an organism to grow at various temperatures, in the presence of oxygen and other
gases, at various pH levels, or in the presence of other ions and salts, such as NaCl.

Nutritional requirements

The ability of an organism to use various carbon and nitrogen sources as nutritional substrates when
grown under specific environmental conditions.

Resistance profiles

The exhibition of a characteristic inherent resistance to specific antibiotics, heavy metals, or toxins.

Antigenic properties

The profiles of microorganisms established by various serologic and immunologic methods to
determine relatedness among various microbial groups (serotype or serovar).

Subcellular properties

Molecular constituents of the cell that are typical of a particular taxon, or organism group, as
established by various analytic methods. Some examples include cell wall components,
components of the cell membrane, and enzymatic content of the microbial cell.

Chemotaxonomic
properties
Genotypic

DNA base composition
ratio

The chemical constituents of the cell, such as the structure of teichoic acids, fatty acid analysis, and
protein profiles, as determined by analytical methods.

DNA comprises four bases (guanine, cytosine, adenine, and thymine). The extent to which the DNA
from two organisms is made up of cytosine and guanine (i.e., G + C content) relative to their total
base content can be used as an indicator of relatedness or lack thereof. For example, an organism
with a G + C content of 50% is not closely related to an organism with a G + C content of 25%.

Nucleic acid (DNA and
RNA) base sequence
characteristics,
including those
determined by
hybridization assays

The order of bases along a strand of DNA or RNA is known as the base sequence. The extent to
which sequences are homologous (similar) between two microorganisms can be determined
directly or indirectly by various molecular methods. The degree of similarity in the sequences
(specifically, the rRNA sequences that remain stable in comparison to the whole genome) may be a
measure of the degree of organism relatedness.

Average nucleotide
identity (ANI)

This method analyzes multiple coding sequences in a microorganism’s genome to determine the
average nucleotide identity using genome sequencing and computer algorithms. The relatedness of
microorganisms is accurate at a 95%-96% threshold for organism identification.

Genome-to-genome
distance (GGD)

This is a computerized calculation that uses inference by in silico genome comparisons, eliminating
the limitations and errors associated with wet-lab techniques. Organisms are related with a GGD
threshold score of 70% or greater.

DNA, deoxyribonucleic acid; RNA, ribonucleic acid; rRNA, ribosomal RNA.

the genomic analysis and phenotypic characteristics to iden-
tify and classify organisms and monitor biochemical thera-
pies in complex disease states.

As technology improves, the classification and identifica-
tion of organisms will undoubtedly continue to evolve along
with changes in the populations of organisms. In diagnostic
microbiology, classification, nomenclature, and identifica-
tion of microorganisms play a central role in providing an
accurate, timely diagnosis and in the management of infec-
tious disease. A brief, detailed discussion of the major com-
ponents of taxonomy is important for a basic understanding

of bacterial identification and its application in diagnostic
microbiology.

Classification

Classification is a method for organizing microorganisms
into groups, or taxa (plural, taxon), based on similar mor-
phologic, physiologic, and genetic traits. The hierarchical
classification system consists of the following taxa:

* Domains (Bacteria, Archaea, and Eukarya)

* Eukarya supergroups



* Kingdom (contains similar divisions, or phyla; most
inclusive taxa)
* Phylum (contains similar classes; equivalent to the

Division taxa in botany)
¢ Class (contains similar orders)

e Order (contains similar families)

* Family (contains similar genera)

* Genus (contains similar species)

* Species (specific epithet; lowercase Latin adjective or
noun; most exclusive taxa)

Bacteria, or prokaryotes (prenucleus), are separated
into two domains, the Bacteria (Eubacteria) and the
Archaea (ancient bacteria). The Bacteria domain contains
the environmental prokaryotes (cyanobacteria, also known
as blue-green algae) and the heterotrophic medically rele-
vant bacteria. The Archaea domain contains environmen-
tal isolates that live in extreme habitats such as high salt
concentrations, jet fuel, or high temperatures. Eukaryotes
(true nucleus) form the third domain, which also contains
medically relevant organisms, including fungi and parasites.
However, the evolutionary tree of eukaryotes has dramati-
cally changed as a result of the process of phylogenom-
ics, analysis using molecular methods. The eukaryotes are
divided into eight supergroups based on molecular phy-
logenetics and may lack defining morphologic and cell-
biologic characteristics. Metagenomics has revolutionized
microbiology and the nomenclature and grouping of organ-
isms that may never have been observed under a microscope.
However, eukaryotic metagenomics is still in the early stages
of development when it comes to taxonomic organization.

There are several other taxonomic sublevels below the
domains, as noted previously; however, the International
Code of Nomenclature for Prokaryotes (ICNP) typically
includes nomenclature up to the rank of class. Changes to
the ICNP have added the inclusion of phyla. Typical organ-
ism classification and naming in the diagnostic microbiol-
ogy laboratory primarily uses taxa beginning at the family
designation.

Family

A family encompasses a group of organisms that may
contain multiple genera and consists of organisms with a
common attribute. The name of a family is formed by add-
ing the suffix -aceae to the root name of one of the group’s
genera, called the type genus; for example, the Streprococ-
caceae family type genus is Streprococcus. One exception to
the rule in microbiology is Enterobacteriaceae; it is named
after the “enteric” group of bacteria rather than the type
species Escherichia coli. Bacterial- (prokaryotic-) type species
or strains are determined according to guidelines published
by the International Committee for the Systematics of Pro-
karyotes (ICSP) in the ICNP. This code provides guidelines
for linking nomenclature, classification, and characteriza-
tion of organisms using physiologic, biochemical, genetic,
and phenotypic traits. Microorganism type species should
be described in detail using diagnostic, comparable, and
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reproducible methods, and all authentic strains must be
available for further analysis.

Genus

A genus (plural, genera), the next taxon, contains differ-
ent species that have several important features in common.
Each species within a genus differs sufficiently to maintain
its status as an individual species. Placement of a species
within a particular genus is based on various genetic and
phenotypic characteristics shared among the species.

Microorganisms do not possess the multitude of physi-
cal features exhibited by higher organisms such as plants
and animals. For instance, they rarely leave a fossil record,
and they exhibit a tremendous capacity to intermix genetic
material among seemingly unrelated species and genera. For
these reasons, confidently establishing a microorganism’s
relatedness in taxa higher than the genus level is difficult.
Although grouping similar genera into common families
and similar families into common orders and orders into
classes is used for classification of plants and animals, these
higher taxa designations (i.e., division and class) are not use-
ful for classifying bacteria in clinical practice.

Species

Species (abbreviated sp., singular, or spp., plural) is the
most basic of the taxonomic groups and can be defined as a
collection of bacterial strains that share common physiologic
and genetic features and differ notably from other microbial
species. Occasionally, taxonomic subgroups within a spe-
cies, called subspecies (abbreviated subsp.), are recognized.
Furthermore, designations such as biotype or biovar, sero-
type or serovar, or genotype may be given to groups below
the subspecies level that share specific characteristics. For
example, Klebsiella pneumoniae and Klebsiella oxytoca are
two distinct species within the genus Klebsiella. However, K.
pneumoniae also has three subspecies: K. pneumoniae subsp.
ozaenae, K. pneumoniae subsp. pneumoniae, and K. pneu-
moniae subsp. rhinoscleromatis. Brucella suis biovar 2 is an
example of a biotype designation. A biotype contains species
with the same genetic makeup but differential physiologic
characteristics identified by biochemical methods. Subspe-
cies do not display significant enough divergence to be clas-
sified as a biotype or a new species. A serotype or serovar
is distinguished by differences in antigenic structure, and
a genotype is differentiated by characteristics of the nucleic
acids, including sequence or gene varjants.

Nomenclature

Nomenclature is the naming of microorganisms according
to established rules and guidelines put forth in the ICNP.
It provides the accepted labels by which organisms are
universally recognized. Because genus and species are the
groups commonly used by microbiologists, the discussion
herein of rules governing microbial nomenclature is limited
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to these two taxa. In this binomial (two name) system of
nomenclature, every organism is assigned a genus and a
species of Latin or Greek derivation. Each organism has a
scientific “label” consisting of two parts: the genus designa-
tion, in which the first letter is always capitalized, and the
species designation, in which the first letter is always low-
ercase. The two components are used simultaneously and
are printed in italics or underlined in script. For example,
the streptococci include Streptococcus pneumoniae, Strepto-
coccus pyogenes, Streptococcus agalactiae, and Streptococcus
gallolyticus, among others. Alternatively, the name may be
abbreviated using the uppercase form of the first letter of
the genus designation followed by a period (.) and the full
species name (e.g., S. pneumoniae, S. pyogenes, S. zzgﬂ[dc-
tiae, and S. gallolyticus). Finally, when discussing a single
specific organism, the species may be designated using sp.,
and a group of species within the genus may be designated
using spp. (e.g., Staphylococcus sp. and Staphylococcus spp.).
Frequently, an informal designation (e.g., staphylococci,
streptococci, enterococci) may be used to label a particular
group of organisms. These designations are not capitalized
or italicized.

As more information is gained regarding organism clas-
sification and identification, a particular species may be
moved to a different genus or assigned a new genus name.
The rules and criteria for these changes are beyond the
scope of this chapter, but such changes are documented in
the International Journal of Systemic and Evolutionary Micro-
biology. Published nomenclature may be found at http://
www.bacterio.net for bacteria, http://www.ictvonline.org
for viruses, http://www.iapt-taxon.org/nomen/main.php
for fungi, and http://zoobank.org for parasites. In addition,
the List of Prokaryotic Names with Standing in Nomen-
clature (LPSN) (http://Ipsn.dsmz.de) includes the Bacteria
and Archaea domains and provides a continually updated
resource for changes in taxonomy and identification of novel
taxa. It is important to note that fungi and parasite lists are
difficult to maintain and may not reflect current validity at
the time of review. In the diagnostic laboratory, changes in
nomenclature are phased in gradually so that providers and
laboratorians have ample opportunity to recognize that a
familiar pathogen has been given a new name. This is usu-
ally accomplished by using the new genus designation while
continuing to provide the previous designation in paren-
theses; for example, Stenotrophomonas (Xanthomonas) malto-
philia or Burkholderia (Pseudomonas) cepacia.

Identification

Microbial identification is the process by which a micro-
organism’s key features are delineated. Once those features
have been established, the profile is compared with those
of previously characterized microorganisms. The organ-
ism can then be assigned to the most appropriate taxa and
given appropriate genus and species names; both are essen-
tial aspects of taxonomy in diagnostic microbiology and the
management of infectious disease (Box 1.1).

* BOX 1.1 Role of Taxonomy in Diagnostic

Microbiology

e Establishes and maintains records of key characteristics of
clinically relevant microorganisms
e Facilitates communication among technologists,

microbiologists, providers, and scientists by assigning

universal names to clinically relevant microorganisms. This

is essential for:

e Establishing an association of particular diseases or
syndromes with specific microorganisms

e Epidemiology and tracking outbreaks

e Accumulating knowledge regarding the management
and outcome of diseases associated with specific
microorganisms

e Establishing patterns of resistance to antimicrobial
agents and recognition of changing microbial resistance
patterns

e Understanding the mechanisms of antimicrobial
resistance and detecting new resistance mechanisms
exhibited by microorganisms

e Recognizing new and emerging pathogenic
microorganisms

* Recognizing changes in the types of infections or
diseases caused by characteristic microorganisms

e Revising and updating available technologies for the
development of new methods to optimize the detection
and identification of infectious agents and the detection
of resistance to antiinfective agents (microbial, viral,
fungal, and parasitic)

e Developing new antiinfective therapies (microbial, viral,
fungal, and parasitic)

Identification Methods

A wide variety of methods and criteria are used to establish
a microorganism’s identity. These methods can be separated
into two general categories: genotypic or phenotypic charac-
teristics. Genotypic characteristics relate to an organism’s
genetic makeup, including the nature of the organism’s genes
and constituent nucleic acids (see Chapter 2 for more infor-
mation about microbial genetics). Phenotypic characteris-
tics are based on features beyond the genetic level, including
both readily observable characteristics and features that
may require extensive analytic procedures to be detected.
Examples of characteristics used as criteria for bacterial
identification and classification are provided in Table 1.1.
Modern microbial taxonomy uses a combination of several
methods to characterize microorganisms when classifying
and naming an organism.

Although the criteria and examples in Table 1.1 are given
in the context of microbial identification for classification
purposes, the principles and practices of classification paral-
lel those used in diagnostic microbiology for the identifica-
tion and characterization of microorganisms encountered
in the clinical setting. Fortunately, because of the previous
efforts and accomplishments of microbial taxonomists,
microbiologists do not have to use several burdensome clas-
sification and identification schemes to identify infectious
agents. Instead, identification is based on key phenotypic
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and genotypic features to provide clinically relevant infor-
mation in a timely manner (see Chapter 12). This should
not be taken to mean that the identification of all clinically
relevant organisms is easy and straightforward. This is also
not meant to imply that microbiologists can identify or rec-
ognize only organisms that have already been characterized
and named by taxonomists. Indeed, the clinical microbiol-
ogy laboratory is well recognized as the place where pre-
viously unknown or uncharacterized infectious agents are
initially encountered; as such, it has an ever-increasing
responsibility to be the source of information and reporting
for emerging etiologies of infectious disease.

@ Visit the Evolve site for a complete list of procedures,
review questions and answers, and case studies.
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Chapter Review

1.

The most specific and exclusive taxon used in the clas-
sification of microorganisms is:

a. Family

b. Order

c. Species

d. Genus

. The process consisting of a series of methods designed to

provide the microbiologist with relevant and useful clini-
cal information about a microorganism is:

a. Classification

b. Identification

c. Organization

d. Taxonomy

. Classification and naming of organisms are useful in

diagnostic microbiology for all the following except:

a. Providing standardized groupings for identification

b. Standardized groupings are always genotypically simi-
lar at 0.98%

c. Standardized groupings share similar phenotypic traits

d. Organisms within a standard group may be identified
using similar methods

. Which of the following is no# a correct use of the bino-

mial nomenclature system? (Select all that apply.)
a. Staphylococcus Aureus

b. S. aureus

c. Staphylococcus aureus

d. Staphylococcus aureus

. Microorganisms are classified into three domains. The

domain containing prokaryotes that are medically rel-
evant organisms is:

a. Enterobacteriaceae

b. Archaca

c. Eubacteria

d. Eukarya

6. Labeling: Label each of the following characteristics as

either phenotypic (P) or genotypic (G).
The color of growth on artificial media
The presence of an antibiotic-resistance DNA se-
quence
__ 'The shape of a bacterial cell
The arrangement of bacterial cells on a micro-
scope slide
The ability of an organism to ferment lactose

. Mass spectrometry is a technique used to separate and

identify the spectrum of proteins and peptides that are
expressed by microorganisms. This method is considered
a method for the characterization and classifi-
cation of organisms.

a. phenotypic

d. chemotaxonomic

c. genotypic

d. polyphasic

8. Which of the following methods would be considered

chemotaxonomic?

a. Fartty acid analysis

b. Protein mass spectrometry
c. Cell wall composition

d. All the answers are correct

5.el



Bacterial Genetics, Metabolism,
and Structure

OBJECTIVES

1. Describe the basic structure and organization of
prokaryotic (bacterial) chromosomes, including number,
relative size, and cellular location.

2. Outline the basic processes and essential components
required for information transfer in replication,
transcription, translation, and regulatory mechanisms.

3. Define mutation, recombination, transduction,
transformation, and conjugation.

4. Describe how genetic alterations and diversity
provide a mechanism for the evolution and survival of
microorganisms.

5. Differentiate environmental oxygenation and final electron
acceptors (aerobes, facultative anaerobes, and strict
anaerobes) in the formation of energy.

6. Compare and contrast the key structural elements,
cellular organization, and types of organisms classified as
prokaryotic and eukaryotic.

7. State the functions and biologic significance of the
following cellular structures: the outer membrane, cell
wall, periplasmic space, cytoplasmic membrane, capsule,
fimbriae, pili, flagella, nucleoid, and cytoplasm.

8. Differentiate the organization and chemical composition
of the cell envelope (outer membrane, plasma membrane,
periplasmic space, and cell wall) for a gram-negative and a
gram-positive bacterium.

icrobial genetics, metabolism, and structure are
the keys to microbial viability and survival. These
processes involve numerous pathways that are
widely varied, often complicated, and frequently interac-
tive. Essentially, survival requires nutrients and energy to
fuel the synthesis of materials necessary to grow, propagate,
and carry out metabolic processes (Fig. 2.1). Although the
goal of survival is the same for all organisms, the strategies
microorganisms use to accomplish this vary substantially.
Knowledge regarding genetic, metabolic, and structural
characteristics of microorganisms provides the basis for
understanding almost every aspect of diagnostic microbiol-
ogy, including:
¢ The mechanisms by which microorganisms cause disease
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* The development and implementation of techniques
for microbial detection, cultivation, identification, and
characterization

* Antimicrobial action and resistance

* The development and implementation of tests for the
detection of antimicrobial resistance

* Potential strategies for disease therapy and control of
microorganisms
Microorganisms vary significantly in their genomic and

metabolic pathways and therefore structure. A detailed con-
sideration of these differences is beyond the scope of this
textbook. Therefore a generalized description of bacterial
systems is used as a model to discuss microbial physiol-
ogy and structure. Information regarding characteristics
of fungi, parasites, and viruses can be found in subsequent
chapters for each specific taxonomic group.

Bacterial Genetics

Genetics, the process of heredity and variation, is the start-
ing point from which all other cellular pathways, functions,
and structures originate. The ability of a microorganism
to maintain viability, adapt, multiply, and cause disease is
determined by the organism’s genetic composition. The
three major aspects of microbial genetics that require dis-
cussion include:

¢ The structure and organization of genetic material

* Replication and expression of genetic information

* The mechanisms by which genetic information is altered

and exchanged among bacteria

Nucleic Acid Structure and Organization

For all living entities, hereditary information resides or is
encoded in nucleic acids. The two major classes of nucleic
acids are deoxyribonucleic acid (DNA), which is the most
common macromolecule that encodes genetic informa-
tion, and ribonucleic acid (RNA). In some forms, RNA
encodes genetic information for various viruses; in other
forms, RNA plays an essential role in several of the genetic
processes in prokaryotic and eukaryotic cells, including
the regulation and transfer of information. Prokaryotic,
or prenuclear, organisms do not have membrane-bound
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organelles, and the cells’ genetic material is therefore not
enclosed in a nucleus. Eukaryotic, or “true nucleus,” organ-
isms have the genetic material enclosed in a nuclear enve-
lope or membrane.

Nucleotide Structure and Sequence

DNA consists of deoxyribose sugars connected by phos-
phodiester bonds (Fig. 2.2A). The bases that are covalently
linked to each deoxyribose sugar are the key to the genetic
code within the DNA molecule. The four nitrogenous bases
include two purines, adenine (A) and guanine (G), and the
two pyrimidines, cytosine (C) and thymine (T) (Fig. 2.3).
In RNA, uracil replaces thymine. The combined sugar, phos-
phate, and a base form a single unit referred to as a nucleo-
tide (adenosine triphosphate [ATP], guanine triphosphate
[GTP], cytosine triphosphate [CTP], and thymine triphos-
phate [TTP] or uridine triphosphate [UTP]). DNA and
RNA are nucleotide polymers (i.c., chains or strands), and
the order of bases along a DNA or RNA strand is known as
the base sequence. This sequence provides the information
that codes for the proteins that will be synthesized by micro-
bial cells; that is, the sequence is the genetic code.

Deoxyribonucleic Acid Molecular Structure

The intact DNA molecule is composed of two nucleotide
polymers. Each strand has a 5" (prime) phosphate and a 3
(prime) hydroxyl terminus (Fig. 2.2A). The two strands run
antiparallel, with the 5 of one strand opposed to the 3’
terminal of the other. The strands are also complementary.
This adherence to A-T and G-C base pairing results in a
double-stranded DNA (dsDNA) molecule (double helix).
The two antiparallel single strands of DNA form a “twisted
ladder” structure (Fig. 2.2B). In addition, the dedicated
base pairs (bps) provide the format for consistent repli-
cation and expression of the genetic code. In contrast to
DNA, which carries the genetic code, RNA rarely exists as
a double-stranded molecule. There are four major types of
RNA (messenger RNA [mRNA], transfer RNA [tRNA],
and ribosomal RNA [rRNA]) along with a variety of
noncoding RNA (ncRNA) molecules such as microRNA

CHAPTER 2 Bacterial Genetics, Metabolism, and Structure
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(miRNA), small RNA (sRNA) and antisense RNA (asRNA)
that play key roles in posttranscriptional regulation of gene
expression.

Genes and the Genetic Code

A DNA sequence that encodes a specific product (RNA
or protein) is defined as a gene. Thousands of genes in an
organism encode messages or blueprints that produce one
or more proteins and RNA products that play essential
metabolic roles in the cell. All the genes in an organism
comprise the organism’s genome. The genome of a micro-
organism includes the chromosomes and the mobilome
(extrachromosomal mobile genetic elements [MGEs]). The
size of a gene and an entire genome are usually expressed
in the number of bps present (e.g., kilobases [10° bases],
megabases [106 bases]).

Some genes are widely distributed among multiple
organisms, whereas others are limited to a particular spe-
cies. In addition, the bp sequence for individual genes may
be highly conserved (i.e., show limited sequence differ-
ences among different organisms) or be widely variable. As
discussed in Chapter 8, the similarities and differences in
genetic content and sequences are the basis for the devel-
opment of molecular methods used to detect, identify, and
characterize microorganisms.

Chromosomes

The genome is organized into discrete elements known as
chromosomes. The set of genes within a given chromosome
is arranged in a linear fashion, but the number of genes per
chromosome is variable. Similarly, although the number of
chromosomes per cell is consistent for a given species, this
number varies considerably among species. For example,
human cells contain 23 pairs (i.e., diploid) of chromosomes,
whereas bacteria contain a single, unpaired (i.e., haploid)
chromosome.

Bacteria are classified as prokaryotes; the chromosome is
not located in a membrane-bound organelle (i.c., nucleus).
The bacterial chromosome contains the genes essential for
viability and exists as a double-stranded, closed, circular
macromolecule. The molecule is extensively folded and
twisted (i.e., supercoiled) to fit within the confined space of
the bacterial cell. The linearized, unsupercoiled chromosome
of the bacterium Escherichia coli is approximately 130 pm
long, but it fits within a cell 1 x 3 pum; this attests to the
extreme compact structure of the supercoiled bacterial chro-
mosome. For genes in the compacted chromosome to be
expressed and replicated, unwinding or relaxation of the
molecule is required.

In contrast to the bacterial chromosome, the chromo-
somes of parasites and fungi number more than one per cell,
are linear, and are housed within a membrane-bound organ-
elle (the nucleus) of the cell. This difference is a major cri-
terion for classifying bacteria as prokaryotes and fungi and
parasites as eukaryotes. The genetic makeup of a virus may
consist of DNA or RNA contained within a protein coat
rather than a cell.
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Nonchromosomal Mobile Genetic Elements

Although the bacterial chromosome represents the majority
of a cell’s genome, not all genes are confined to the chro-
mosome. Many genes may also be located on plasmids
and transposable elements. Extrachromosomal elements
replicate and encode information to produce various cel-
lular products. Many of these elements replicate by inte-
gration into the host chromosome, whereas others, referred
to as episomes, are capable of replication independently.
Although considered part of the bacterial genome, they are

not as stable as the chromosome and may be lost during cel-
lular replication, often without any detrimental effects on
the viability of the cell.

Plasmids exist as double-stranded, closed, circular,
autonomously replicating extrachromosomal genetic ele-
ments ranging in size from 1 to 2 kilobases up to 1 mega-
base or more. The number of plasmids per bacterial cell
varies extensively, and each plasmid is composed of several
genes. Some genes encode products that mediate plasmid
replication and transfer between bacterial cells, whereas
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others encode products that provide a specialized func-
tion, such as a determinant of antimicrobial resistance or a
unique metabolic process. Unlike most chromosomal genes,
plasmid genes do not usually encode for products essential
for viability. Plasmids, in whole or in part, may also become
incorporated into the chromosome.

Transposable elements are pieces of DNA that move
from one genetic element to another, from plasmid to
chromosome or vice versa within an organism. Unlike
plasmids, many are unable to replicate independently and
do not exist as separate entities in the bacterial cell. The
two types of transposable elements are the simple trans-
poson or insertion sequence (IS) and the composite
(also termed compound) or complex transposon. Inser-
tion sequences are limited to containing the genes that
encode information required for movement from one site
in the genome to another. Composite transposons are cas-
settes (grouping of genes) flanked by insertion sequences.
The internal gene embedded between the ISs encode for
an accessory function, such as antimicrobial resistance. In
addition to transposons, other gene cassettes have been
identified that are small mobile elements that consist of
one or two genes inserted into an integron. An integron
differs from a transposon structurally and mechanism
for recombination. Plasmids, transposable elements, and
integrons coexist with chromosomes in the cells of many
bacterial species. These extrachromosomal elements play
a key role in the exchange of genetic material throughout
the bacterial microbiosphere, including genetic exchange
among clinically relevant bacteria.

DNA Replication
Replication

Bacteria multiply by binary fission (a form of cell division),
resulting in the production of two daughter cells from one
parent cell. As part of this process, the genome must be rep-
licated and each daughter cell receives an identical copy of
functional DNA. Replication is a complex process medi-
ated by various enzymes, such as DNA polymerase and
cofactors; replication must occur quickly and accurately. For

descriptive purposes, replication may be considered in four
stages (Fig. 2.4):
1. Unwinding or relaxation of the chromosome’s super-
coiled DNA
2. Separation of the complementary strands of the parental
DNA. Each strand may serve as a template (i.e., pattern)
for synthesis of new DNA strands, referred to as semi-
conservative replication
3. Synthesis of the new (i.e., daughter) DNA strands
4. Termination of replication, releasing two identical chro-
mosomes, one for each daughter cell
Relaxation of supercoiled chromosomal DNA is required,
which permits the enzymes and cofactors involved in repli-
cation access to the DNA molecule at the site where the
replication process will originate (i.e., origin of replication).
The origin of replication (a specific sequence of approxi-
mately 300 bp) is recognized by several initiation proteins,
followed by the separation of the complementary strands of
parental DNA. Each parental strand serves as a template for
the synthesis of a new complementary daughter strand. The
site of active replication is referred to as the replication fork;
two bidirectional forks are involved in the replication pro-
cess. Each replication fork moves through the parent DNA
molecule in opposite directions as a bidirectional process.
Activity at each replication fork involves different cofactors
and enzymes, with DNA polymerase playing a central role.
Using each parental strand as a template, DNA polymerase
adds nucleotide bases to each growing daughter strand in a
sequence that is complementary to the base sequence of the
template (parent) strand. The complementary bases of each
strand are then held together by hydrogen bonding between
nucleotides and the hydrophobic nature of the nitrogenous
bases. The new nucleotides can be added only to the 3’
hydroxyl end of the growing strand. The synthesis for each
daughter strand occurs in the 5 to 3 direction.
Termination of replication occurs when the replication
forks meet. The result is two complete chromosomes, each
containing two complementary strands, one of parental ori-
gin and one newly synthesized daughter strand. Although
the time required for replication can vary among bacteria,
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the process generally takes approximately 20 to 40 minutes
in rapidly growing bacteria such as E. coli. The replication
time for a particular bacterial strain can vary depending on
environmental conditions, such as the availability of nutri-
ents or the presence of toxic substances (e.g., antimicrobial
agents).

Expression of Genetic Information

Gene expression is the processing of information encoded
in genetic elements (i.e., chromosomes, plasmids, and
transposons) that results in the production of biochemi-
cally functional molecules, including RNA and proteins.
The overall process of gene expression is composed of
two steps, transcription and translation. Gene expres-
sion requires various components, including a DNA tem-
plate representing a single gene or cluster of genes, various
enzymes and cofactors, and RNA molecules of specific
structure and function.

Transcription

Gene expression begins with transcription. During tran-
scription the DNA base sequence of the gene (i.e., the
genetic code) is copied creating an RNA molecule that is
complementary to the gene’s DNA sequence (Fig. 2.5).
One of the two DNA strands (sense strand) encodes the

DNA
coding strand

Heee
Sleee
o <«— RNA DNA
Transcription polymerase template
5 ¥

mRNA Ribosomes, tRNA,
Translation * amino acids, cofactors

-@H-E-E-@- B0

Polypeptide

¢ Fig. 2.5 Overview of Gene Expression Components Transcription
for production of messenger ribonucleic acid (mMRNA) and translation
for production of a polypeptide (protein). DNA, Deoxyribonucleic acid;
RNA, ribonucleic acid; tRNA, transfer RNA.

functional gene product. This same strand is the template
for RNA synthesis.

RINA polymerase is the enzyme central to the tran-
scription process. The enzyme is composed of four protein



subunits and a sigma (0) factor. Sigma factors are required
for the RNA polymerase to identify the appropriate site on
the DNA template where transcription of RNA is initiated.
This initiation site is also known as the promoter sequence.
The remainder of the enzyme functions to unwind the
dsDNA at the promoter sequence and use the DNA strand
as a template to sequentially add ribonucleotides (ATP,
GTP, UTP, and CTP) to form the growing RNA strand.

Transcription proceeds in a 5" to 3’ direction. However,
in RNA, the TTP of DNA is replaced with UTP. TTP con-
tains thymine, and UTP contains uracil. Both molecules
contain a heterocyclic ring and are classified as pyrimidines.
During synthesis and modification of these molecules, a
portion of the molecules are dehydroxylated, forming a
2’-deoxynucleotide monophosphate. The dehydroxylated
uracil monophosphate (dUMP) is then methylated, forming
dehydroxylated thymine monophosphate (dTMP). After
phosphorylation, thymine is found only in the final state as
deoxythymidine and therefore cannot be incorporated into
an RNA molecule. Synthesis of the single-stranded RNA
product ends when specific nucleotide base sequences on
the DNA template are encountered. Termination of tran-
scription may be facilitated by a rho (a prokaryotic protein)
cofactor or an intrinsic termination sequence. Both mecha-
nisms disrupt the RNA-RNA polymerase template DNA
complex.

In bacteria, the mRNA molecules that result from the
transcription process are polycistronic; that is, they encode
for several gene products (proteins). Polycistronic mRNA
may encode several genes whose proteins are involved in a
single or closely related cellular function. When a cluster of
genes is under the control of a single promoter sequence, the
gene group is referred to as an operon.

The transcription process produces mRNA but also
tRNA, rRNA, and regulatory noncoding (ncRNA) mol-
ecules. All types of RNA molecules have key roles in pro-
tein synthesis. To initiate transcription, accessory factors
are needed to localize the RNA polymerase to the promoter
upstream of the coding sequence. In bacteria, the sigma fac-
tor binds to the RNA polymerase and recognizes the gene-
specific promotor. In some bacteria a small regulatory RNA
(sRNA), 6S RNA, binds the sigma factor to repress tran-
scription in the late stationary phase of bacterial growth.
The 65 RNA binds and forms a bulge or loop. The loop
serves as an RNA-dependent site for RNA synthesis. The
RNA synthesized from the loop is referred to as pRNA.
When sufficient pRNA is produced, it causes the 6S RNA
to detach from the promotor, permitting transcription to
continue.

Transfer RNA (tRNA) binds to the A site in the ribosome
and delivers the appropriate amino acid during elongation.
However, tRNAs exist in many more diverse forms than
once thought. In bacteria, the initiation codon codes for
an N-formylmethionine. This modified amino acid is never
placed inside the coding sequence of a bacterial protein.
In other words, there are two forms of tRNA that are pro-
duced in bacteria that are capable of carrying methionine.
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One is the initiator tRNAM¢t and the other is the elongation
tRNAMet, The elongation tRNAMe binds to the A site of
the ribosome, whereas the initiation tRNAM¢t is capable of
binding only to the P site within the ribosome. The binding
of the elongation-specific tRNA is controlled by transcrip-
tion elongation factor 1.

Ribosomal RNA, specifically the 16S rRNA, has histori-
cally been associated with classification of organisms based
on evolutionary relatedness. The 16S rRNA is present in
all organisms and is responsible for catalyzing the peptidyl
transferase reaction during protein synthesis. A very small
portion of the molecule undergoes genetic changes without
deleterious effects to the transcription process, providing a
means to monitor the evolutionary development of bacte-
rial species.

In addition to the differences in tRNA specificity, bacte-
ria have developed numerous mechanisms to regulate gene
transcription and respond to the environment, including
transcriptional and posttranscriptional regulation. Many
sensory and regulatory RNA molecules have been identified
that serve as RNA thermosensors and riboswitches. These
molecules may undergo structural alterations during tem-
perature changes or serve as asRNAs and sRNAs that bind
to either nucleic acid-binding proteins modulating activ-
ity or directly to mRNA sequences to suppress and alter
gene expression. This reversible regulation is evident in the
expression of virulence genes in many pathogens, including
E. coli, Shigella spp., and Yersinia spp. The global changes of
RNA expression within the transcriptome of a pathogenic
bacteria allows the organism to rapidly adjust to changes in
the environment associated with temperature, ionic condi-
tions, oxygen conditions, pH, calcium, iron, and other met-
als to maintain growth and survival.

Translation

The next phase in gene expression, translation, involves
protein synthesis. Through this process the genetic code
in mRNA molecules is translated into specific amino acid
sequences that are responsible for protein structure and
function (Fig. 2.5).

The process of protein translation requires the use of a
genetic alphabet or code. The code consists of triplets of
nucleotide bases, referred to as codons; each codon encodes
for a specific amino acid. Because there are 64 different
codons for 20 amino acids, an amino acid can be encoded
by more than one codon (Table 2.1). Each codon is specific
for a single amino acid. The codon sequences in mRNA
direct which amino acids are added and in what order.
Translation ensures that proteins with proper structure and
function are produced. Errors in the process can result in
aberrant proteins that are nonfunctional, emphasizing the
need for translation to be well controlled and accurate.

To accomplish the task of translation, intricate interac-
tions between mRNA, tRNA, and rRNA are required. Sixty
different standard types of tRNA molecules are responsible
for transferring different amino acids from intracellular
locations to the site of protein synthesis. These molecules,
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TABLE
The Genetic Code as Expressed by Triplet-Base Sequences of Messenger Ribonucleic Acid®

Codon Amino Acid  Codon Amino Acid  Codon Amino Acid  Codon Amino Acid
uuu Phenylalanine  CUU Leucine GUU Valine AUU Isoleucine
uuc Phenylalanine  CUC Leucine GUC Valine AUC Isoleucine
uuG Leucine CUG Leucine GUG Valine AUG (start)® Methionine
UUA Leucine CUA Leucine GUA Valine AUA Isoleucine
uCu Serine CCuU Proline GCU Alanine ACU Threonine
ucc Serine CCC Proline GCC Alanine ACC Threonine
UCG Serine CCG Proline GCG Alanine ACG Threonine
UCA Serine CCA Proline GCA Alanine ACA Threonine
uGu Cysteine CGU Arginine GGU Glycine AGU Serine
UGC Cysteine CGC Arginine GGC Glycine AGC Serine
UGG Tryptophan CGG Arginine GGG Glycine AGG Arginine
UGA None (stop CGA Arginine GGA Glycine AGA Arginine
signal)
UAU Tyrosine CAU Histidine GAU Aspartic AAU Asparagine
UAC Tyrosine CAC Histidine GAC Aspartic AAC Asparagine
UAG None (stop CAG Glutamine GAG Glutamic AAG Lysine
signal)
UAA None (s})op CAA Glutamine GAA Glutamic AAA Lysine
signa

aThe codons in deoxyribonucleic acid (DNA) are complementary to those given here. Thus U is complementary to the A in DNA, C is complementary to G, G to

C, and A to T. The nucleotide on the left is at the 5" end of the triplet.

bAUG codes for N-formylmethionine at the beginning of messenger ribonucleic acid (MRNA) in bacteria.
Modified from Brock TD, Madigan M, Martinko J, et al., editors: Biology of microorganisms, 2009, Prentice Hall.

which have a structure that resembles an inverted # con-
tain one anticodon (sequence recognition site) for binding
to specific codons (3-base sequences) on the mRNA mol-
ecule (Fig. 2.6). A second site binds specific amino acids,
the building blocks of proteins. Each amino acid is joined
to a specific tRNA molecule through the enzymatic activity
of aminoacyl-tRNA synthetases. Transfer RNA molecules
use the codons of the mRNA molecule as the template for
precisely delivering a specific amino acid for polymeriza-
tion. This process occurs in ribosomes, which are compact
nucleoproteins, composed of rRNA and proteins. They
are central to translation, assisting with the coupling of
all required components and controlling the translational
process.

Translation, diagrammatically shown in Fig. 2.6, involves
three steps: initiation, elongation, and termination. After
termination, bacterial proteins often undergo posttransla-
tional modifications as a final step in protein synthesis.

Initiation begins with the association of ribosomal sub-
units, mRNA, formylmethionine (f-met) tRNA (carrying
the initial amino acid of the protein to be synthesized),
and various initiation factors (Fig. 2.6A). Assembly of the

complex begins at a specific 3- to 9-base sequence (Shine-
Dalgarno sequence) on the mRNA approximately 10 bp
upstream of the AUG start codon. After the initial complex
has been formed, addition of individual amino acids begins.

Elongation involves tRNAs and a host of elongation fac-
tors that mediate the addition of amino acids in a specific
sequence dictated by the codon on the mRNA molecule
(Fig. 2.6B and C and Table 2.1). As the mRNA molecule
threads through the ribosome in a 5’ to 3’ direction, pep-
tide bonds are formed between adjacent amino acids, still
bound by the respective tRNA molecule in the peptide (P)
and acceptor (A) sites of the ribosome. During the process,
the forming peptide is moved to the P site, and the 5 tRNA
is released from the exit (E) site. This movement vacates the
A site, which contains the codon specific for the next amino
acid, so that the incoming tRNA—amino acid can join the
complex (Fig. 2.6C).

Because multiple proteins encoded on an mRNA strand
can be translated at the same time, multiple ribosomes
may be simultaneously associated with one mRNA mol-
ecule. Such an arrangement is referred to as a polysome; its
appearance resembles a string of peatls.
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Termination, the final step in translation, occurs when the translation. After termination, most proteins must undergo
ribosomal A site encounters a stop or nonsense codon that modification, such as folding or enzymatic trimming, so
does not specify an amino acid (i.e., a “stop signal”; Table that protein function, transportation, or incorporation into
2.1). At this point, the protein synthesis complex disassoci- various cellular structures can be accomplished. This process

ates and the ribosomes are available for another round of is referred to as posttranslational modification.
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for parasitology, 649
sputum, 655
stool collection vial, 649f
urogenital tract specimens, 655
MicroSeq System, 340-341
Microslide culture, 848f
Microsplashes, 947
Microsporidia, 665-671, 703,
706-707
epidemiology, 703-707
general characteristics, 703
laboratory diagnosis, 707
antibody detection, 707
antigen detection, 707
histology, 707
nucleic acid detection, 707
pathogenesis and spectrum of
disease, 703-707
Encephalitozoon intestinalis,
706
Encephalitozoon spp., 706
Enterocytozoon bieneusi,
703-706
prevention, 707
results and reporting, 707
therapy, 707
Microsporidium spp., 1084
Microsporum audouinii, 861-862
Microsporum canis, 861-862
Microsporum ferrugineum, 861-862
Microsporum spp., 865-8606,
866-867f
Microtiter tray, 192, 192f
Microtube-based enzyme
immunoassay (EIA) methods,
488
Middle East respiratory syndrome—
related coronavirus (MERS-
CoV), 971
Miliary tuberculosis, 556, 1025
Minimal bactericidal concentration
(MBC) testing, 205
Minimal inhibitory concentration
(MIC), 191, 382, 578
Minimum inhibitory concentration
(MIC), 274, 293, 372, 433,
524, 606, 930, 1141
Minor groove, 136
Miracidium, 811
miRNA. See Micro RNA (miRNA)
Miscellaneous infections,
1040-1041
Mitochondria, 21
Mitochondrial cytochrome oxidase I
(mtCOI), 817
ML agar. See Martin-Lewis (ML
agar)

MLS group. See Macrolide-
lincosamide-streptogramins
(MLS group)

MLSg, resistant, 274

MLST. See Multilocus sequence
typing (MLST)

MLVA. See Multilocus variable-
number tandem-repeat analysis
(MLVA)

MMR. See Measles, mumps, and
rubella (MMR)

Mobile genetic elements (MGEs), 7

Mobilome, 7

Mobiluncus spp., 1086-1087

Mode of action, 168

Mode of transmission, 27

Moderate-to-heavy infections, 815

Modified Hodge Test (MHT),
373-374,375.e2b

Modified Oxford agar (MOX),
316-317

Modified Thayer-Martin (MTM)
agar, 103, 341, 521

Modified Tinsdale agar (TIN), 315

Modified trichrome stain, 709.e3b

Modified two-tier testing algorithm
(MTTT), 618

Moeller Method. See Decarboxylase-
Dihydrolase Tests (Moeller
Method)

Mogibacterium spp., 529t-531t

Moist heat for sterilization, 4546

Moisture, bacterial cultivation and,
105

Molds, 833

broth dilution antifungal
susceptibility testing (AFST)
for, 930-931

general considerations for
identification of, 846

general morphologic features of,
848-850

Molecular antimicrobial
susceptibility testing (mAST),
577-578

Molecular beacon, 136-137

Molecular biology, 1

Molecular diagnostic testing, 981

Molecular methods, 123

Molecular siblings, 833

Molecular typing methods,
leptospiraceae, 622

Molecular weight—size markers, 134

Molnupiravir, 1000

MOMP. See Membrane protein
(MOMP)

Moniliform hyphae, 895

Monkeypox virus (MPXV),
989-990

Monoclonal antibodies (mAbs),
156-157, 157f, 969

Monocytes, 33

Monomicrobic aggregation, 40

Mononuclear cells, 33

Monotrichous flagella, 24

Monoxenic culture method, 660

Monozoic tissue cysts, 701

Moose (Echinococcus canadensis), 803

Moraxella, 435
antimicrobial susceptibility, 437
antimicrobial therapy, 435-436
approach to identification, 437
comments regarding specific
organisms, 437
cultivation, 437
colonial appearance, 437
incubation conditions and
duration, 437
media of choice, 437
direct detection methods,
436437
epidemiology, 435-436, 436t
general characteristics, 435
laboratory diagnosis, 436-437
pathogenesis, 436t
prevention, 437-440
serodiagnosis, 437
specimen collection and
transport, 436
specimen processing, 436
spectrum of disease, 435-436,
436t
Moraxella canis, 435
Moraxella catarrhalis, 376-377,
435, 516, 1024, 1059
antimicrobial susceptibility
testing and therapy, 524
approach to identification,
521-524
biochemical and physiologic
characteristics of, 523t
biochemical identification,
521-522
comments about specific
organisms, 522-524
immunoserologic
identification, 524
matrix-assisted laser desorption
ionization time of-flight
mass spectrometry
(MALDI-TOF MS), 522
serotyping, 524
cultivation, 521
colonial appearance, 521
incubation conditions and
duration, 521
media of choice, 521
direct detection methods,
520-521
gram stain, 520
nucleic acid detection,
520-521
epidemiology, 516-517, 517t
general characteristics, 516
laboratory diagnosis, 519-524
pathogenesis and spectrum of
disease, 517-519, 518t
prevention, 524-525
specimen collection and
transport, 519-520
JEMBEC system, 519f
specimen processing, 520
Moraxella lacunata, 436437, 1063
Moraxella lincolnii, 435
Moraxella nonliquefaciens, 435
Moraxella osloensis, 435



Mordant, 82-83

Morganellaceae, 353-354
Morganella spp., 353-354
Proteus spp., 354
Providencia spp., 354

Morganella morganii, 353-354

Morganella psychrotolerans, 353-354

Morganella spp., 353-354

Morphotypes, 74

Morulae, 593

Mortility testing, 241b

Mousy gray, 897

Mouth, 31

MOX. See Modified Oxford agar
(MOX)

Moxalactam, 316-317

MPXV. See Monkeypox virus
(MPXV)

MR-CoNS. See Methicillin-resistant
coagulase negative staphylococci
(MR-CoNS)

MRI. See Magnetic resonance
imaging (MRI)

mRNA. See Messenger RNA
(mRNA)

mRNA molecules, 11

MRGSA screen agar, 274

MRS broth, 242b

MRSA. See Methicillin-resistant
Staphylococcus aureus (MRSA)

MS. See Mass spectrometry (MS)

MSA. See Mannitol salt agar
(MSA)

mtCOI. See Mitochondrial
cytochrome oxidase I (m2COI)

MTTT. See Modified two-tier
testing algorithm (MTTT)

Mucociliary escalator, 31

Mucocutaneous leishmaniasis, 733

Mucorales, 854-857

approach to identification,
856-857
direct detection methods,
855-856
antigen-protein, 855
cultivation, 856
nucleic acid—based testing,
855-856
stains, 855
epidemiology and pathogenesis,
854
general characteristics, 854
laboratory diagnosis, 854-857
matrix-assisted laser desorption
ionization time-of-
flight mass spectrometry
(MALDI-TOF MS), 857
morphologic differentiation of,
857t-858t
organisms, 856
serologic testing, 857
specimen collection, transport,
and processing, 854-855
spectrum of disease, 854

Mucormycosis, 854-855, 855f

Mucor spp., 856857, 856f,
1122-1123

Mucosa, 1098

Mucosa-associated lymphoid tissue
(MALT), 29-30, 480
Mucosal surface phagocytes (M
cells), 38
Mucous membranes, 29-31
general features of, 30f
general protective characteristics,
29-30
lesions of, 945, 1085, 1087,
1094-1096
specific protective characteristics,
30-31
Mucus, 29-30
Mueller-Hinton agar, 463
Mulluscipoxivirus (MCV), 989-990
Multidrug resistant (MDR), 376-377
Multidrug-resistant mycoplasmas,
607
Multidrug-resistant organisms
(MDROs), 1148-1149
Multidrug-resistant tuberculosis
(MDR-TB), 554, 577
Multidrug-resistant typhoid fever
(MDRTF), 374
Multilocular hydatic cysts, 806
Multilocus sequence typing
(MLST), 305, 371, 389
Multilocus variable-number
tandem-repeat analysis
(MLVA), 305, 497
Multimodal infection prevention
program, 1146
Multiple myeloma, 157
Multiple species identification
systems, 925
Multiplexing, 126
Multiplex polymerase chain reaction
(PCR), 134
Mumps virus (MuV), 984-985
Mupirocin, 177
Murdochiella asaccharolyticus,
539t-543t
Murein layer, bacterial, 23
Murein sacculus, 23
Muriform cells, 895
Muscle biopsy, 702
Muscle fascia, infections of, 1121,
1126
Muscles infections, 1121, 1126
Mutagens, 15
Mutation, 15
MuV. See Mumps virus (MuV)
Mycetoma, 338, 887
approach to identification,
898-902
cultivation, 897
stains, 895
Mycobacteria
antimicrobial susceptibility testing
and therapy, 577-579
approach to identification,
572-577
conventional phenotypic tests,
573-577
cultivable mycobacteria
encountered in clinical
specimens group,

574t-575t

Mycobacteria (Continued)
direct detection methods,
565-572
acid-fast stains, 565-567
cultivation, 569
immunodiagnostic testing, 567
interpretation, 570-572
liquid media, 569-570
microscopy, 565
nucleic acid detection,
567-569
solid media, 569
laboratory diagnosis of
mycobacterial infections,
562-577
Mycobacterium tuberculosis
complex, 553-557
nontuberculous mycobacteria
(NTM), 557-562
characteristics of, 558t—559t
noncultivatable, 560-562
rapidly growing, 560
runyon classification of, 557t
slow-growing nontuberculous
mycobacteria, 557-560
prevention, 578
specimen collection and
transport, 562-564
specimen processing, 564—565
contaminated specimens, 564
inadequate specimens and
rejection criteria, 564—565
overview, 564
special considerations,
564-565
specimens not requiring
decontamination, 565
Mycobacteriaceae, 553
Mycobacterial culture, 569
Mycobacterial infections, 1051
Mycobacteriology, 1142
Mycobacterium abscessus subsp.
abscessus, 1051
Mycobacterium africanus, 1051
Mycobacterium avium, 1018, 1043,
1088, 1132
Mycobacterium avium complex
(MAQ), 557-560
Mycobacterium avium subsp. avium,
1051
Mycobacterium bacteremicum, 561t
Mycobacterium bovis, 1051
Mycobacterium chelonae, 1126
Mycobacterium fortuitum, 1126
Mycobacterium franklinii, 561t
Mycobacterium intracellulare, 1108
Mycobacterium intracellulare subsp.
intracellulare, 1051
Mycobacterium kansasii,
characteristics of, 574t-575t
Mycobacterium leprae, 94, 560-562
Mycobacterium mageritense, 561t
Mycobacterium marinum,
1117-1118
Mycobacterium scrofulaceum, 1043
Mycobacterium smegmatis, 1082
Mycobacterium spp., 553, 1013—
1014, 1018
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Mycobacterium tuberculosis, 38, 86,
553-557, 566f, 1024, 1042,
1051, 1063, 1073, 1101,
1133, 1150-1151

epidemiology, 554, 555t
identification of, 577f
pathogenesis, 554

spectrum of disease, 554557

Mycobacterium tuberculosis complex,
578

Mycolic acids, 565

Mycology, 832, 1142. See also Fungi

Mycoplasma amphoriforme, 599

Mycoplasma fermentans, 599

Mycoplasma genitalium, 599

Mycoplasma hominis, 606f, 1019,
1073, 1084, 1086-1087,
1126

Mycoplasma pneuwmoniae, 606f,
1024, 1039

Mycoplasma salivarium, 600601t

Mycoplasma spp., 598, 1019, 1028,
1043, 1092

Mycoplasmataceae, 598

Mycosel agar, 838

Mycotic aneurysm, 1008—1009,
1008f

Myocarditis, 1131, 1131b

Myonecrosis, 1126

Myositis, 1121

MYP: See Mannitol, egg yolk, and
polymyxin B agar (MEYP)

Myroides odoratimimus

key biochemical and physiologic
characteristics, 411t

pathogenesis and spectrum of
disease, 408t

Myroides odoratimimus, 413

Myroides odoratus, 408, 413

key biochemical and physiologic
characteristics, 411t

pathogenesis and spectrum of
disease, 408t

Myroides spp., 407

colonial appearance and
characteristics, 409t, 416t
epidemiology of, 408t, 414t

N

NAATSs. See Nucleic acid
amplification tests (NAATS)

N-acetyl-L-cysteine (NALC),

564

N-acetylglucosamine, 23

N-acetylmuramic acid, 553

NAD. See Nicotine adenine
dinucleotide (NAD)

NAD-+. See Nicotinamide adenine
dinucleotide (NAD+)

NADH. See Nicotinamide adenine
dinucleotide hydrogen
(NADH)

NADPH. See Nicotinamide adenine
dinucleotide phosphate
(NADPH)

NADP. See Nicotine adenine
dinucleotide phosphate
(NADP)
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Nacegleria fowleri, 736739, 7391,
1050
in brain tissue, 656f
general characteristics, 736737
laboratory diagnosis, 737-739
isolation and culture, 739
routine methods and direct
detection, 737-739
serology, 739
life cycles of, 737f
pathogenesis and spectrum of
disease, 737
therapy, 739

Naftifine, 933

Naganishia spp., 916

Nail scrapings, 838

Naked viruses, 935

NALC. See N-acetyl-L-cysteine

(NALC)
Nalidixic acid (NA), 95
Nannizzia spp., dermatophytes,
866-867

Nanophyetus salmincola, 817

Nanophyetus schikhobalowi, 817

NASBA. See Nucleic acid sequence—

based amplification (NASBA)
Nasopharyngeal aspirates, 502
Nasopharyngeal swabs, 502-503,
520, 944, 1043

Nasopharynx, 1038

National Center for Biotechnology
Information (NCBI), 125

National Defense Strategy,
1157-1158

National Fire Protection Association
(NFPA), 48, 48f

National Healthcare Safety Network
(NHSN), 1147

National Institute for Occupational
Safety and Health (NIOSH),
55-56, 562

National Institutes of Health
(NIH), 26, 781
National laboratories, 1156
Natural (innate) immunity, 153
Natural killer cells (NK cells), 35
Natural killer T (NKT) cells, 35
Natural passive immunity, 157
NCBI. See National Center for
Biotechnology Information
(NCBI)

ncRNA. See Noncoding RNA
(ncRNA)

NEC. See Neutropenic enterocolitis
(NEC)

Necator americanus, 751, 763
general characteristics, 763
pathogenesis and spectrum of

disease, 763
Neck, 1042-1043
diagnosis of infections in,
1045
collection and transport,
1045
culture, 1045
direct visual examination,
1045
diseases of, 1038—1043

Necrotizing fasciitis, 1118-1121
Necrotizing vasculitis, 1124
Negative controls, 116
Negri bodies, 952-954
Neisseria animaloris, 215, 435,
436t
Neisseria bacilliformis, 435
Neisseria elongata, 435, 436t
Neisseria gonorrhoeae (GC), 61, 102,
435, 1005, 1007, 1024, 1040,
1044, 1048-1049, 1064,
1084, 1108, 1130-1131, 1151
Neisseria oralis, 435
Neisseria shayeganii, 435
Neisseria spp., 15-16, 39, 61,
74-75, 435, 516, 1012, 1036,
1045, 1122
antimicrobial susceptibility, 437
antimicrobial susceptibility
testing and therapy, 524
antimicrobial therapy, 435436
approach to identification, 437,
521-524
biochemical and physiologic
characteristics of, 523t
biochemical identification,
521-522
comments about specific
organisms, 437, 522-524
immunoserologic
identification, 524
matrix-assisted laser desorption
ionization time of-flight
mass spectrometry
(MALDI-TOF MS), 522
serotyping, 524
cultivation, 437, 521
colonial appearance, 437, 521
incubation conditions and
duration, 437, 521
media of choice, 437, 521
direct detection methods,
436-437, 520-521
gram stain, 520
nucleic acid detection,
520-521
epidemiology, 435-436, 436t,
516-517, 517t
general characteristics, 435, 516
laboratory diagnosis, 436-437,
519-524
pathogenesis, 436t
pathogenesis and spectrum of
disease, 517-519, 518t
prevention, 437440, 524-525
serodiagnosis, 437
specimen collection and
transport, 436, 519-520
JEMBEC system, 519f
specimen processing, 436, 520
spectrum of disease, 435436,
436t
Neisseria weaveri, 435
epidemiology, pathogenesis, and
spectrum of disease, 436t
Neisseria zoodegmatis, 435
epidemiology, pathogenesis, and
spectrum of disease, 436t

Neoehrlichia, 589-593
antibiotic susceptibility testing
and therapy, 593
characteristics of, 591t-592t
epidemiology and pathogenesis,
590
general characteristics, 590
laboratory diagnosis, 590-593
cultivation, 593
direct detection methods,
590-593
serodiagnosis, 593
prevention, 593
spectrum of disease, 590
Neonatal infections, common
etiologic agents of, 1089t
Neonatal intensive care unit
(NICU), 915
Neonates, infections of,
1096-1097
Neoplasms, patients with, 1030
Neoreickettsia, 589593
antibiotic susceptibility testing
and therapy, 593
characteristics of, 591t-592t
epidemiology and pathogenesis,
590
general characteristics, 590
laboratory diagnosis,
590-593
cultivation, 593
direct detection methods,
590-593
serodiagnosis, 593
prevention, 593
spectrum of disease, 590
Nephelometry, 119
Nested polymerase chain reaction,
135-136
Neural angiostrongyliasis, 773
Neural larva migrans (NLM),
769-772, 1050
Neuraminidase (NA), 982, 999
Neurocysticercosis, 803
Neurologic problems, infections
related to, 1123
Neurosyphilis, 611
Neurotoxins, 11031104
Neurotoxocariasis (NT), 769
Neutralization assays, 161
Neutralizing antibodies, 154
Neutropenic enterocolitis (NEC),
544-545
Neutrophils, 494
New World groups, 970
New York City agar (NYC agar),
521, 1093
New York-1 virus, 976
Newborns, 963-964
Newsletters, laboratory,
77-78
Next-generation sequencing
(NGS), 143, 371, 685, 999,
1015, 1056
NFPA. See National Fire Protection
Association (NFPA)
NGS. See Next-generation
sequencing (NGS)

NGU. See Non gonococcal
urethritis (NGU);
Nongonococcal urethritis
(NGU)

Nhe. See Nonhemolytic enterotoxin
(Nhe)

NHSN. See National Healthcare
Safety Network (NHSN)

Niacin of mycobacteria, 573-576,
576f

Nicking endonuclease amplification
reaction (NEAR), 142

Nicotinamide adenine dinucleotide
(NAD+), 20

Nicotinamide adenine dinucleotide
hydrogen (NADH), 829-830

Nicotinamide adenine dinucleotide
phosphate (NADPH), 18, 20

Nicotine adenine dinucleotide
(NAD), 459

Nicotine adenine dinucleotide
phosphate (NADP), 459

NICU. See Neonatal intensive care
unit (NICU)

Nifurtimox, 732

Niger seed agar, phenoloxidase
detection using, 926

NIH. See National Institutes of
Health (NIH)

NIOSH. See National Institute
for Occupational Safety and
Health (NIOSH)

Nipah virus, 984

Nitazoxanide, 698, 700

Nitrate/nitrite reduction, 244b

Nitrate reductase test, 1078

Nitrate reduction of mycobacteria,
576

Nitrite reduction, 245b

Nitrofurantoin, 179

NK cells. See Natural killer cells
(NK cells)

NLM. See Neural larva migrans
(NLM)

3-[N-morpholino] propanesulfonic
acid (MOPS), 930

Nocardia asteroides, 1131

Nocardia spp., 86, 334-335, 1029—
1031, 1064, 1117-1118, 1125

epidemiology and pathogenesis,
337-339
general characteristics, 335-337
laboratory diagnosis, 339-343
approach to identification,
341-343
cultivation, 341
direct detection methods,
340
microscopic morphology and
colonial appearance,
342t-343¢
nucleic acid detection,
340-343
specimen collection, transport,
and processing, 339
medically relevant species, 336t
partially acid-fast aerobic
actinomycetes, 335-336



Nocardiae, 335
Nocardiopsis, 335, 337
Nodules, 1117-1118, 1118t
Nomenclature, 3-4
Non-—acid-fast aerobic
actinomycetes, 337-339, 337t,
340t
Non-acid-fast bacilli, 87f
Non-albicans candida, 915
Non-target-specific methods, 1150
Noncarriers, 259
Noncholera vibrios, 1102
Nonchromosomal mobile genetic
elements, 8—9
Noncoding RNA (ncRNA), 7
Noncultivatable nontuberculous
mycobacteria, 560-562
Nonculturable bacterial agents
Chlamydia pneumoniae, 583t
Chlamydia psittaci, 583t
Chlamydia trachomatis, 583t
chlamydiales, 582-589
coxiella, 593-594
Klebsiella granulomatis,
595-596
Rickettsia, Orientia, Anaplasma,
Ehrlichia, Neoehrlichia, and
Neoreickettsia, 589-593,
591592t
Tropheryma whipplei, 594-595
Nonculture methods, 1066
for identification of bacteremia or
sepsis, 1014-1017
of specimens, 1093-1094
Nonfastidious, 94
Nongonococcal urethritis (NGU),
599-601, 1085, 1090
Nonhemolytic enterotoxin (Nhe),
300
Nonorganic extractions, 126-127
Nonpathogenic Entamoeba, 684
Nonpathogenic organism, 37
Nonphotochromogens, 557-560
Nonpigmented Prevotella spp., 548
Nonpolio enteroviruses (NPEVs),
986-987
Non—polymerase chain reaction—
based amplification methods,
140-142
BD Max system, 141f
coupled target and signal (probe)
amplification, 140
isothermal (constant
temperature) amplification,
140-142
nicking endonuclease
amplification reaction
(NEAR), 142
Nonprimary syphilis, 610-611
Nonsecondary syphilis, 610-611
Nonselective Agar. See Esculin
hydrolysis (Nonselective Agar)
Nonseptate hyphae, 855
Nonspecific defense mechanisms,
29
Non-spore-forming bacilli, 546
Nontreponemal antibody tests,
Treponemataceae, 613

Nontuberculous mycobacteria
(NTM), 553, 557-562,
578-579

characteristics of, 558t=559¢
noncultivatable, 560-562
epidemiology, 561-562
general characteristics,
560-561
pathogenesis, 561-562
spectrum of disease, 562
rapidly growing, 560
epidemiology and
pathogenesis, 560
general characteristics, 560
spectrum of disease, 560
runyon classification of, 557t
slow-growing nontuberculous
mycobacteria, 557-560

Nontypeable Haemophilus
influenzae (NTHI), 459

Normal bone, 1135-1136

Normal flora, 26, 31

Normal microbiota, 26, 31

Normal peritoneal fluid, 1128

Normal pleural fluid contains,
1128

Norovirus (NoV), 970

Norwalk-like viruses, 1106

Nosocomial infections, 28

Notifiable disease, 491

NoV. See Norovirus (NoV)

Novel influenza virus of avian
origin, 935

NP. See Nucleoprotein (NP)

NPEVs. See Nonpolio enteroviruses
(NPEVs)

NT. See Neurotoxocariasis (N'T)

NTHi. See Nontypeable
Haemophilus influenzae
(NTHi)

Nuclear antigen, 162-163

Nucleic acid amplification tests
(NAATs), 263-264, 357,
544-545, 566, 585, 603, 921,
939, 1043, 1091

Nucleic acid-based methods,
123-142, 550, 794, 808,
956-957, 1066

applications, 145-146
characterization of
microorganisms,
148-150
automation and advances in
molecular diagnostic
instrumentation,
149-150
detection of antimicrobial
resistance, 148
investigation of strain
relatedness and pulsed-
field gel electrophoresis,
148-149
nucleic acid hybridization
methods, 124-140, 124f
postamplification end-point
analysis, 142-150
specimen collection and
transport, 123-124

Nucleic acid detection, 93,
263-264, 285-286, 906, 921,
956-957, 1055-1056

of Actinobacillus, Kingella,
Cardiobacterium,
Capnocytophaga, 454
African trypanosomiasis, 729
of anaerobic organisms, 546
limitations of, 550
Ancylostoma caninum and
Ancylostoma ceylonicum,
763
approach to identification, 906
of Arcobacter and Campylobacter,
477
Ascaris lumbricoides, 753
Babesia, 724
Balantioides coli, 694
Bartonella, 470-471
approach to identification,
470-471
cultivation, 470
serodiagnosis, 471
Blastocystis spp., 685
Borreliaceae, 617
Brucella, 495
cell wall-deficient bacteria, 603
Chlamydia trachomatis, 586
Cryptosporidium spp., 697
cultivation, 906
Cysroisospora belli, 701
Dientamoeba fragilis, 692
Eikenella corrodens, 443
Entamoeba histolytica, 678
Francisella, 508-509
fungi, 845
Giardia duodenalis, 690
Haemophilus, 461-462
of Helicobacter, 481
Legionella, 489
Leishmania, 734
leptospiraceae, 621
liver flukes, 822
Loa loa, 783
lung flukes, 822
Mansonella spp., 785
microsporidia, 707
mycobacteria, 567-569
Neisseria and Moraxella catarrhalis,
520-521
Onchocerca volvulus, 784
Pentatrichomonas hominis, 693
Plasmodium vivax, 722
Sappinia, 743
Sarcocystis spp., 702
serologic testing, 906
Strongyloides stercoralis, 757
Taenia crassiceps, 799
Toxoplasma gondii, 748
treatment, 906
Treponemataceae, 612
Trichomonas vaginalis, 744
Trichuris trichiura, 759
troglotrematidae, 817
Trypanosoma cruzi, 731
Wuchereria bancrofii, 781
Nucleic acid electrophoresis,

142
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Nucleic acid hybridization methods,
124-140, 124f
hybridization formats, 127-132,
128f
amplification methods, 132
hybridization with signal
amplification, 130-132
in situ hybridization, 129
liquid format, 127-128
peptide nucleic acid
fluorescence in situ
hybridization (PNA
FISH), 129-130
solid support format,
128-129, 129f
hybridization steps and
components, 125-127
detection of hybridization, 127
mixture and hybridization of
target and probe, 127
preparation of target nucleic
acid, 126-127
production and labeling
of nucleic acid probe,
125-126
polymerase chain reaction (PCR)
and derivations, 132-136
real-time polymerase chain
reaction, 136—140
Nucleic acid probe, production and
labeling of, 125-126, 126f
Nucleic acids, 478, 945
amplification methods, 524
analog probes, 136-137
nucleic acid—based analysis, 347
nucleic acid—based assays, 1125
nucleic acid-based GI panels,
1111
and oligonucleotide arrays,
143-145
structure and organization, 6-9
chromosomes, 7
deoxyribonucleic acid (DNA)
molecular structure, 7
genes and genetic code, 7
nonchromosomal mobile
genetic elements, 8-9
nucleotide structure and
sequence, 7
Nucleic acid sequence—based
amplification (NASBA), 141,
722
Nucleic acid sequencing, 142143,
568-569, 622, 895, 926
Nucleic acid testing, 470, 798, 830,
895,979, 1112, 1133
blood trematodes, 829-830
dermatophytes, 862
entomophthorales and
entomophthorales, 859
mucorales, 855-856
opportunistic mycoses, 869—-872
systemic mycoses, 880
Nucleocapsid, 935
Nucleoid, 24-25
Nucleopore filtration, 781
Nucleoprotein (NP), 982
Nucleoside, 18
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Nucleotide, 7

structure and sequence, 7
Nucleus, 21
Nutrients, 94

acquisition of, 18
Nutritive media, 74-75, 95
NYC agar. See New York City agar

(NYC agar)

Nystatin, 932

O
O antigen, 1150
Obligate anaerobes, 526
Obligate intracellular bacterial
agents, 582
Occupational Safety and Health
Administration (OSHA),
44
Ochrobactrum, 399, 493
antimicrobial susceptibility
testing and therapy,
402-406
antimicrobial therapy and
susceptibility testing, 405t
approach to identification, 402
comments regarding specific
organisms, 402
colonial appearance and
characteristics, 403t
cultivation, 401-402
colonial appearance, 402
incubation conditions and
duration, 401-402
media of choice, 401
direct detection methods, 401
epidemiology, 399, 400t
general characteristics, 399
key biochemical and physiologic
characteristics, 404t
laboratory diagnosis, 400-402
pathogenesis and spectrum of
disease, 399-400, 401t
prevention, 406
serodiagnosis, 402
specimen collection and
transport, 400
specimen processing, 400
Ocular cysticercosis, 799
Ocular dirofilariasis, 776
Ocular infections, 748
Ocular larva migrans (OLM),
768-771
Ocular syphilis, 611
Ocular toxoplasmosis, 748
Ocular trachoma, 584
Oculogenital Infections, 585
ODC. See Ornithine decarboxylase
(ODCQC)
OD. See Optical density (OD)
OIFE. See Oil immersion field
(OIF)
Qil immersion field (OIF),
1077
QOil immersion lens, 80
Old World groups (OW), 970
Oligella, 399, 402
colonial appearance and
characteristics, 403t

Oligella ureolytica
antimicrobial therapy and
susceptibility testing, 405t
pathogenesis and spectrum of
disease, 401t
Oligella urethralis
antimicrobial therapy and
susceptibility testing, 405t
pathogenesis and spectrum of
disease, 401t
Oligonucleotide probes, 125
Oligoryzomys longicaudatus.
See Long-tailed colilargo
(Oligoryzomys longicaudatus)
OLM. See Ocular larva migrans
(OLM)
OMP25. See Outer membrane
protein 25 (OMP25)
Onchocerca volvulus, 783-785, 1064
epidemiology, 784
general characteristics, 783-784
laboratory diagnosis, 784
direct detection, 784
nucleic acid detection, 784
serologic testing, 784
pathogenesis and spectrum of
disease, 784
prevention, 784-785
therapy, 784
Onchocerciasis, 784
Oncogenic viruses, 938
Oncosphere, 788
Oncoviruses, 938
o-Nitrophenyl-f-p-
Galactopyranoside Test, 246b
ONPG. See Ortho-Nitrophenyl-f3-
galactoside (ONPG)
Onychomycosis, 868
Oocysts, 695, 745
OPA. See Ortho-phthalaldehyde
(OPA)
Operator region, 14
Operculated eggs, 788
Operon, 11
Ophiostomatales, 888t-893t
Ophthalmia neonatorum, 525
Opisthorchis felineus, 819
Opisthorchis spp., 819, 822
Opisthorchis viverrini, 816, 819
Opportunistic hyaline molds,
868-869
Opportunistic infections, 37
Opportunistic mycoses, 835,
867-875
approach to identification, 873
direct detection methods,
869-873
antigen-protein, 869
cultivation, 872-873
matrix-assisted laser desorption
ionization time-of-flight
mass spectrometry
(MALDI-TOF MS), 872
nucleic acid-based tests,
869-872
stains, 869
epidemiology and pathogenesis,
868

Opportunistic mycoses (Continued)
general characteristics, 867-868
laboratory diagnosis, 869-875
pathogenesis and spectrum of

disease, 868—869
serologic testing, 874-875
specimen collection, transport,

and processing, 869

Opportunistic pathogens, 37,

347-348

Opsonization, 35

Opsonizing antibodies, 154

Optical density (OD), 119

Optimal incubation conditions,

methods for providing, 105

Optochin (P Disk) susceptibility

test, 247b

Oral bacteria, 1042

Oral cavity, 31, 1042
diagnosis of infections in, 1045

collection and transport, 1045
culture, 1045
direct visual examination,
1045
diseases of, 1038-1043

Oral epsiprantel, 808

Oral-genital practices, 1084

Orral secretions, 946

Orbital cellulitis, 1063

Orchitis, 1090

Organic extractions, 126-127

Organic phase, 126-127

Organism detection
agglutination, 159
enzyme immunoassays, 163-166
flocculation tests, 160—162
hemagglutination, 160
immunochemical methods used

for, 158-166
immunofluorescent assays,

162-163
particle agglutination, 159-160
precipitation tests, 158—159

Organism identification, 93
future trends, 215
rationale for approaching,

214-215
using phenotypic criteria,

111-116

Orientia, 582, 589-593
antibiotic susceptibility testing

and therapy, 593
characteristics of, 591t—592t
epidemiology and pathogenesis,

590
general characteristics, 590
laboratory diagnosis, 590-593

cultivation, 593
direct detection methods,
590-593
serodiagnosis, 593
prevention, 593
spectrum of disease, 590

Origin of replication, 9

Oritavancin, 174

Ornithine decarboxylase (ODC),

350
Orolabial lesions, 979

Oropharynx specimens, 944, 1038

Oroya fever, 469

Ortho-benzyl-parachlorophenol, 48

Orthomyxoviridae, 982-984

Ortho-Nitrophenyl-p-galactoside
(ONPG), 354, 410

Ortho-phenylphenol, 48

Ortho-phthalaldehyde (OPA), 47

Orthopoxvirus, 989-990

Oryzomys palustris. See Rice rat
(Oryzomys palustris)

OSHA. See Occupational Safety
and Health Administration
(OSHA)

Osp. See Outer surface protein
(Osp)

Osteomyelitis, 1132

Otitis externa, 1067-1068

Oritis media, 1068

Otomycosis, 868

Outer membrane, 23

Outer membrane protein 25
(OMP25), 494

Outer surface protein (Osp),
615-616

Ova and parasite (O&P)
examination, 649-651, 788,
1143

direct smear, 651b

relative egg size of helminths that
infect humans, 650f

stage and ocular micrometer,
651f

Opvaries, 1082

Ova, stool specimens for, 1111

Ovum, 758

OW. See Old World groups (OW)

OXA. See Oxacillin-hydrolyzing
class D (OXA)

Oxacillin salt screen agar, 274

Oxacillin-hydrolyzing class D
(OXA), 181-182

Oxacillinase, 373

Oxazolidinones, 175-176

Oxidase test (Kovac Method),
113-114, 248b

Oxidation and Fermentation of
Medium (CDC Method),
249b

Oxidation and fermentation tests,
114, 115f

Oxidative phosphorylation, 20-21

Oxidative—fermentative base—
polymyxin B—bacitracin—
lactose (OFPBL) agar,
389-391, 1036

Oxidative-fermentative (OF)
glucose, 433

Oxoid Signal Blood Culture
System, 1013

Oxygen, bacterial cultivation and,
104-105

Ozena, 351, 1042

P

PAA. See Peracetic acid (PAA)
Pablum cereal agar, 881

Pacas (Cuniculus paca), 806-807



Paecilomyces spp., opportunistic
mycoses, 874
Paenalcaligenes, 413
Paenibacillus spp., 296
PAHO. See Pan American Health
Organization (PAHO)
PAIs. See Pathogenicity islands
(PAIs)
Palindromic sequences, 144
Palladium catalyst, 531-532
PAMPS. See Pathogen-associated
molecular patterns (PAMPS)
PAM. See Primary amoebic
meningoencephalitis (PAM)
Pan American Health Organization
(PAHO), 974
Pandoraea spp.
colonial appearance and
characteristics of, 390t
epidemiology, 387
pathogenesis and spectrum of
disease, 387
Panel, 190
Panic values, 1139-1140
Pannonibacter phragmitetus, 399
epidemiology, 400t
key biochemical and physiologic
characteristics, 404t
Pantoea agglomerans, 353
Pantoea spp., 353
Panton-Valentine leukocidin (PVL),
260-261
Papanicolaou (Pap), 585, 952, 1095
Papiliotrema spp., 913, 916
Papilla, 859
Papillomaviruses, 984
Papules, 990, 1118t
Paracentesis, 1128
Parachlamydia acanthamoeba, 582
Parachlamydiaceae, 589
Paracoccidioides brasiliensis, 876,
879, 880f, 881, 907
Paracoccidioides loboi, 906-907
laboratory diagnosis and
treatment, 907
Paracoccidioides lutzii, systemic
mycoses, 876
Paracoccidioides spp., systemic
mycoses, 877, 883
Paracoccidioidomycosis, 877
Paracoccus spp., 399
colonial appearance and
characteristics, 403t
epidemiology, 400t
pathogenesis and spectrum of
disease, 401t
Paracoccus yeei
antimicrobial therapy and
susceptibility testing, 405t
doughnut-shaped organism on
gram stain, 402f
key biochemical and physiologic
characteristics, 404t
Paragonimiasis, 822
Paragonimus spp., 819, 822-823
Paragonimus westermani, 1029,
1050, 1052
Parainfluenza, 1040

Paralegenidium spp., 907-908
laboratory diagnosis, 908
treatment, 908

Paramphistomidae, 816-817
epidemiology, 817
general characteristics, 816-817
pathogenesis and spectrum of

disease, 817
therapy and prevention, 817

Paramyxoviridae, 984-985

Paramyxoviruses, 984

Paraphyton spp., dermatophyrtes,

867

Parapoxvirus, 989-990

Parasitemia, 1003-1004

Parasites, 21, 1006, 1056, 1127
stool specimens for, 1111

Parasitic conjunctivitis, 1063

Parasitic diseases, 624
pathogenesis and spectrum of,

638t—640t

Parasitic infections, 637¢,

1051-1052
Parasitology, 1142
approach to identification,
643-662
cultivation, 660-662
antigen detection kits for
stool or vaginal discharge
specimensa, 661t
blood protozoa, 662
larval-stage nematodes, 660
direct detection methods,
658-659
blood parasites, 659
intestinal parasites, 659
ectoparasites, 662—664
epidemiology, 624-626
body sites and specimens for
parasite recovery, 627t
description of common groups
of human parasites,
6251626t
epidemiology of common
groups of human
parasites, 633t-6306t
specimens and body site,
628t-632t
laboratory diagnosis, 636-643
microscopic examination, 643658
pathogenesis and spectrum of
disease, 636
prevention, 662
serodiagnosis, 662
specimen collection and
transport, 636-641
parasitic infections, 637t
pathogenesis and spectrum
of parasitic diseases,
638t-640t
recommendations for stool
testing, 640t
stool specimen collection and
testing options, 641t
specimen processing, 641-643
fecal fixatives used in
diagnostic parasitology,

642t

Parasitophorous vacuole, 695
Parastrongylus cantonensis, 773-774,
1050, 1052
epidemiology, 774
general characteristics, 773
laboratory diagnosis, 774
pathogenesis and spectrum of
disease, 774
therapy, 774
Parastrongylus costaricensis, 774-775
epidemiology, 774-775
general characteristics, 774
laboratory diagnosis, 775
pathogenesis and spectrum of
disease, 775
therapy, 775
Parastrongylus spp., 774
Paratenic hosts, 774
Parechovirus (PeV), 948949,
986-987
Parenteral cephalosporins, 619
Parietal pleura, 1127, 1128f
Paromomycin, 741
Paronychia, 914
Parotitis, 984-985
Paroxysmal stage, 501-502
Paroxysms, 712
Parthenogenesis, 755
Partially acid-fast aerobic
actinomycetes, 335-330,
338-339
Nocardia spp., 338-339
Rhodococcus, Gordonia, and
Tsukamurella spp., 338-339
Particle agglutination, 159-160,
159f
Particle gel immunoassay (PaGIA)
test, 613
Parvimonas micros, 529t-531t
Parvoviridae, 985-986
Parvovirus B-19, 985-986
Parvoviruses, 985-986
PAS. See Periodic acid—Schiff
staining (PAS)
Passive immunization, 42, 1001
pAST. See Phenotypic antimicrobial
susceptibility testing (pAST)
Pasteurella, 1122
antimicrobial therapy, 446448,
447t
approach to identification,
448-450
comments regarding specific
organisms, 450
colonial appearance and
characteristics of, 449t
cultivation, 448
colonial appearance, 448
incubation conditions and
duration, 448
media of choice, 448
epidemiology, 446448, 447t
general characteristics and
taxonomy, 446
key biochemical characteristics
of, 449t
laboratory diagnosis, 448
direct detection methods, 448
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Pasteurella (Continued)

specimen collection and

transport, 448

specimen processing, 448

pathogenesis and spectrum of
disease of, 447t

prevention, 450
serodiagnosis, 448-450
spectrum of disease, 446-448
susceptibility testing for, 447t

Pasteurella multocida, 437, 1029,
1132-1133

Pasteurella oralis, key biochemical
characteristics of, 449t

Pathogen-associated molecular
patterns (PAMPS), 1005

Pathogenic bacteria, 94

Pathogenicity, 37

Pathogenicity islands (PAls), 39-41

Pathogenic organism, 37

Patients with human
immunodeficiency virus
(HIV), 1030-1031

Patients with neoplasms, 1030

Pauciseptate hyphae, 848

Paul-Bunnell antibodies, 981

PBMC:s. See Peripheral blood
mononuclear cells (PBMCs)

PBP2a. See Penicillin-binding
protein 2a (PBP2a)

PBPs. See Penicillin-binding
proteins (PBPs)

PC-PLC. See Phosphatidylcholine-
specific phospholipase C
(PC-PLC)

PCP. See Pneumocystis pneumonia
(PCP)

PCV13. See Pneumococcal
conjugate vaccine (PCV13)

PDA. See Phenylalanine deaminase
agar (PDA); Potato dextrose
agar (PDA)

PEA. See Anaerobic phenylethyl
alcohol agar (PEA);
Phenylethyl alcohol agar (PEA)

Peak levels, 174

Peak specimen, 205-206

Pediatric Respiratory Viruses (RSV),
950

Pegivirus, 973

Peliosis hepatitis, 469470

Pelvic inflammatory disease (PID),
585, 599-601, 1085, 1089,
1096, 1128-1130

PEMBA. See Polymyxin B, egg yolk,
mannitol, bromothymol blue
(PEMBA)

Penetration, 937

Penicillin, 437, 622

Penicillin-binding protein 2a
(PBP2a), 202, 204

Penicillin-binding proteins (PBPs),
170-172

Penicillium spp., 869, 875f

opportunistic mycoses, 874

Penicillus, 849-850

Penis, 1082

Pentamidine, 741
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Pentatrichomonas hominis, 692—693
epidemiology, 692-693
laboratory diagnosis, 693

nucleic acid detection, 693
pathogenesis and spectrum of
disease, 693
prevention, 693
therapy, 693
Peptide nucleic acid fluorescence
in situ hybridization (PNA
FISH), 129-130, 911-912
Peptide nucleic acid (PNA) probe,
129-130, 130f~131f

Peptidoglycan (PG), 22-23, 170

Peptoniphilus spp., 539t-543t

Peprostreptococcus anaerobius, 550f

Peptostreptococcus spp., 1042, 1068,

1086-1087, 1089, 1099,
1118-1122

Peptostreptococcus stomatis,

539t-543t

Peracetic acid (PAA), 47

Performance improvement (PI),

1137

Pericardial fluid, 1130-1131

Pericardial space, 1130-1131

Pericarditis, 1131, 1131b

Pericardium, 1130-1131

Perihepatitis, 1130

Perinatal infections, Chlamydia

trachomatis, 585
Periocular infections, 1060-1063
Periodic acid—Schiff staining (PAS),
74,595, 620, 677, 740-741,
895, 8971, 918f, 1043, 1066,
1135
Periodontal infections, 1042
Peripheral blood mononuclear cells
(PBMCs), 556

Periplasmic protein, 495

Periplasmic space, 23

Peritoneal cavity, 1128

Peritoneal dialysis fluid, 1130

Peritoneal fluid, 1128-1130

Peritoneum, 1128

Peritonitis, 1128-1130

Peritonsillar abscesses,

1040-1041
Peritrichous flagella, 24
Peromyscus leucopus. See White-
footed mouse (Peromyscus
leucopus)

Peromyscus maniculatus. See

Deer mouse (Peromyscus
maniculatus)

Persistence in lower respiratory tract

(plrSR), 501

Persistent carriers, 259

Persistent infection, 938

Personal protective equipment

(PPE), 50, 55-56, 56f

Personnel, quality control and,

1139

Pertussis (P), 500-501

Pertussis toxin (PT), 501

Pestivirus, 973

PET. See Preformed Enzyme Test

(PET)

Petechiae, 1124
PeV. See Parechovirus (PeV)
Peyer patches, 1100
PFGE. See Pulsed-field gel
electrophoresis (PFGE)
PG. See Peptidoglycan (PG)
pH scale, 105
Phacohyphomycosis, 887, 894
approach to identification,
899-902
cultivation, 897-898
stains, 895
Phagocytes, 32-33
Phagocytosis, 33
Phagolysosome, 33
Phagosome, 33
Pharmacodynamic design, 169
Pharmacokinetic properties, 169
Pharyngitis, 10401041
clinical manifestations, 1040
epidemiology and etiologic
agents, 1040
miscellaneous infections,
1040-1041
pathogenesis, 1040
Pharynx, 1038, 1039f
Phenoloxidase, 916
detection using niger seed agar,
926
Phenotype, 15
Phenotype-based identification,
111-116
environmental requirements for
growth, 112
macroscopic (colony)
morphology, 112
microscopic morphology and
staining characteristics,
111-112
nutritional requirements and
metabolic capabilities,
113-116
resistance or susceptibility to
antimicrobial agents,
112-113
Phenotypic antimicrobial
susceptibility testing (pAST),
577-578
Phenotypic assays, 998
Phenotypic characteristics, 4
Phenotypic criteria, 111
Phenotypic identification schemes
analysis of metabolic profiles,
119-120
detection of metabolic activity,
118-119
incubation for substrate use,
116-118
principles of, 116-120
selection and inoculation of
identification biochemical
test battery, 116
Phenotypic methods, 93, 122,
203-204
Phenotypic susceptibility assays,
998
Phenylalanine deaminase agar

(PDA), 115, 250b

Phenylethyl alcohol agar
(PEA), 95, 103, 264, 287,
302, 533
Phialides, 849-850
Phialophora spp., 887, 898-902,
900f
Phialophora verrucosa, 899f
Phoenix system, 199
Phosphatidylcholine-specific
phospholipase C (PC-PLC),
317
Phosphatidylinositol-specific
phospholipase C (PI-PLC),
317
Phosphorylcholine, 283
Photobacterium damsela, 421
biochemical and physiologic
characteristics of, 426t
colonial appearance and
characteristics, 425t
pathogenesis and spectrum of
diseases, 422t
Photobleaching, 88
Photochromogens, 557
Photoelectric sensor, 119
Photometer, 119
Phthirus pubis, 1060
Phylogenomics, 3
Phylogeny, 1
Physical methods of disinfection, 47
Physician office laboratory (POL),
57
Phytone yeast extract agar, 882
PI. See Performance improvement
(P
PI-PLC. See Phosphatidylinositol-
specific phospholipase C
(PI-PLC)
Pia mater, 1046
Picornaviridae, 986-988
enteroviruses, 986-987
hepatitis A virus (HAV),
987-988
parechoviruses, 986-987
polioviruses, 986-987
rhinovirus (RV), 987
Picornaviruses, 986
PID. See Pelvic inflammatory
disease (PID)
Piedraia hortae, 887
Pigment production of
mycobacteria, 573
Pili, 24
Pinworm, 652, 753
examination for, 652
Piperacillin, 402403
Plaque reduction assay (PRA), 998
Plasma, 611
Plasma cells, 34, 153
Plasmid profiling, 1150
Plasmids, 8-9, 17, 1150
Plasmodium falciparum, 716720,
720f
general characteristics, 716-720
malaria identification rubric,
719f
morphology of malaria parasites,

717£-718f

Plasmodium falciparum (Continued)
pathogenesis and spectrum of
disease, 720
plasmodia in giemsa-stained thin
blood smears, 714t
Plasmodium knowlesi, 720-721,
721f
general characteristics, 720-721
pathogenesis and spectrum of
disease, 721
Plasmodium malariae, 716, 720f
general characteristics, 716
pathogenesis and spectrum of
disease, 716
Plasmodium ovale, 716
general characteristics, 716
pathogenesis and spectrum of
disease, 716
Plasmodium spp., 711, 713t, 1006
Plasmodium vivax, 711-723, 721f
general characteristics, 711-712
pathogenesis and spectrum of
disease, 712
laboratory diagnosis, 721-723
antigen-based tests, 722
nucleic acid detection, 722
routine methods, 721-722
serologic tests, 722-723
life cycle of, 712f
Plasmodium falciparum, 716720
Plasmodium knowlesi, 720-721
Plasmodium malariae, 716
Plasmodium ovale, 716
results reporting, 723
therapy, 723
Plastic shafts, 1092
Plateau phase, 139
Pleosporales, 888t—893t
Plerocercoid larva, 789
Plesiomonas shigelloides, 354-355,
420, 424-425, 1005,
1105-1106
antimicrobial susceptibility
testing and therapy,
425-427
colonial appearance and
characteristics, 425t
cultivation, 423-425
approach to identification,
424
colonial appearance, 424
comments regarding specific
organisms, 424425
incubation conditions and
duration, 424
media of choice, 423—424
direct detection methods, 423
epidemiology, 420, 421t
general characteristics, 420
laboratory diagnosis, 423-425
pathogenesis and spectrum of
disease, 420—423, 422t
prevention, 427
serodiagnosis, 425
specimen collection and
transport, 423
specimen processing, 423
Plesiomonas spp., 422, 1113-1114



PLET. See Polymyxin-lysozyme-
EDTA-thallous acetate (PLET)

Pleura, 1022-1023

Pleural effusion, 1127

Pleural empyema, 1033

Pleural fluid, 565, 1127-1128

effusion characteristics, 1129t
specimens, 1128

Pleural infections, 1031

Pleurostomophora richardsiae, 899f

plrSR. See Persistence in lower
respiratory tract (p/rSR)

Pluralibacter, 353

Pluralibacter gergoviae, 353

PMC. See Pseudomembranous
colitis (PMC)

PMK. See Primary monkey kidney
(PMK)

PMNs. See Polymorphonuclear cells
(PMNs)

PNA FISH. See Peptide nucleic
acid fluorescence 77 situ
hybridization (PNA FISH)

Pneumococcal conjugate vaccine
(PCV13), 1048-1049

Pneumococcal polysaccharide
vaccine (PPSV), 1048-1049

Pneumocystis, 904-906, 1034

epidemiology, 904-905
general characteristics, 904
laboratory diagnosis, 905-906
direct detection methods, 906
nucleic acid detection, 906
specimen collection,
processing, and transport,
905
pathogenesis and spectrum of
disease, 905

Pneumocystis carinii, 904

Preumocystis jirovecii, 904, 1025

cystic forms of, 906f

Pneumocystis pneumonia (PCP), 904

Pneumocystosis, 904

Pneumolysin, 283

Pneumonia, 460, 1029

acute diseases, 1026-1029
in adults, 1028-1029
in children, 1027-1028
clinical manifestations, 1027
epidemiology and etiologic
agents, 1027
pathogenesis, 1026-1027
in young adults, 1028
chronic diseases, 1029-1030

Pneumonia Port Severity Index
(PSI), 1028

Pneumoviridae, 988-989

Point-of-care (POC), 844

POL. See Physician office laboratory
(POL)

Polar filaments, 794

Polar tubule, 703

Polio virus (PV), 986-987

Polycistronic, 11

Polyclonal antibodies, 156

Polyene macrolide antifungals,
932-933

Polyester swabs, 1092

Polymerase chain reaction (PCR),
132, 133f, 188, 263-264, 291,
302, 313-315, 327, 335, 357,
389, 423, 454, 461, 470, 495,
502, 508-509, 513, 520-521,
535, 560-561, 586, 603, 611,
678, 685, 721, 743, 757, 781,
803, 817, 822, 829, 832, 855—
856, 895, 906, 921, 939-943,
969, 998, 1006, 1041-1042,
1051, 1130, 1150-1151
assays, 489, 545
and derivations, 132-136
derivations, 134—136
detection, 134
ethidium bromide—stained
agarose gels, 134f
ethidium bromide—stained
gels, 135f
extension of primer-target
duplex, 133-134
extraction and denaturation of
target nucleic acid, 132
primer annealing, 132-133
Polymerization, 21
Polymicrobic aggregation, 40
Polymorphic fungi, 833
Polymorphonuclear cells (PMNs),
106, 260261, 1048
Polymorphonuclear leukocytes, 33,
153-154
Polymorphonuclear neutrophils,
1078, 1088
Polymyxin B, egg yolk, mannitol,
bromothymol blue (PEMBA),
302-303
Polymyxin-lysozyme-EDTA-
thallous acetate (PLET), 302
Polymyxins, 175
Polyomaviridae, 989
Polyphasic taxonomy, 1
Polysome, 12
Polyvinyl alcohol (PVA), 61, 654,
1111
Pontiac fever, 486
porA gene, 520-521
porB gene, 520-521
Porins, 23
Pork tapeworm, 801
Porphyromonas spp., 1042,
1086-1087, 1118-1124,
1132-1133
anaerobic blood agar, 548f
pigmented, 548
Posaconazole, 932
Positive controls, 116
Post-transplant lymphoproliferative
disorder (PTLD), 981-982
Postamplification end-point
analysis, 142-150
nucleic acid and oligonucleotide
arrays, 143-145
nucleic acid electrophoresis, 142
sequencing and enzymatic
digestion of nucleic acids,
142-143
Postexposure control, 56
Postherpetic neuralgia, 980

Postoperative infections, 1121—
1122, 1126
Postoperative wound infections,
1122b
Poststreptococcal sequelae, 1040
Posttranslational modification, 13
Postzone, 158
Potassium hydroxide (KOH),
74, 843, 855f, 861-862,
878f-879f, 894, 907, 920,
920f, 1043, 1093, 1135
Potato dextrose agar (PDA), 1142
Pouches, anaerobe, 528
Poxviridae, 989-990
PPE. See Personal protective
equipment (PPE)
PPSV. See Pneumococcal
polysaccharide vaccine (PPSV)
PRA. See Plaque reduction assay
(PRA)
Practicality, 148
Praziquantel, 808-809, 812, 817
Pre-extensively drug-resistant (pre-
XDR-TB), 577
pre-XDR-TB. See Pre-extensively
drug-resistant (pre-XDR-TB)
Precautions, 1011
Precipitation tests, 158—159
double immunodiffusion
method, 158
single immunodiffusion,
158-159
Precursor metabolites
bacterial metabolism, 19f
central metabolic pathways, 20f
production of, 18
Precyst, 673, 904
Predictor antimicrobial agents, 203
Predictor drugs, 203
Preerythrocytic cycle, 711
Preformed Enzyme Test (PET), 522
Pregnancy, infections associated
with, 1089-1090
Prenatal infections, 1089—1090
common etiologic agents of,
1089t
Preparation of site, 1011
Prepuce, 1082
Prereduced, anacrobically sterilized
(PRAS) media, 532-533, 532f
Preservation, specimen, 61-77
Preservatives, 61
Prevotella disiens on laked
kanamycin-vancomycin blood
agar, 548f
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Rhizobium radiobacter, 404t
Rhizobium spp., 399
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RT-PCR. See Extraction-free reverse
transcription polymerase chain
reaction (RT-PCR); Reverse
transcriptase polymerase chain
reaction (RT-PCR)
RTX leukotoxin, 452—453
Rubella virus vaccination,
940t-94 1t
Rugose topography, 847
Ruminococcaceae, 1099-1100
Runyon classification of
nontuberculous mycobacteria,
557
Runyon groups I to IV, 557
RUO. See Research use only (RUO)
RUTs. See Rapid urease tests
(RUTs)
RVA. See Recombinant virus assay
(RVA)
RVP. See Respiratory Viral Panel
(RVP)

S

SABHI. See Sabouraud brain-heart
infusion (SABHI)

Sabouraud brain-heart infusion
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205-206
Serum-cidal titer, 206
Serum for antibody testing, 946
Serum-static titer, 206
Sessile, 39-40
Severe acute respiratory syndrome
(SARS), 934-935, 1027
Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2),
935, 1000-1001, 1015
Severe acute respiratory syndrome—
related coronavirus (SARS-
CoV), 971
Severe Community-Acquired
Pneumonia (SCAP), 1028
Sex pilus, 24
Sexual reproduction, 859
Sexually transmitted diseases
(STDs), 1083-1085
lower genital tract infections and,
1083-1088
clinical manifestations, 1085-1088
epidemiology and etiologic
agents, 1083
routes of transmission,
1083-1085
Sexually transmitted infections
(STIs), 517, 582-584,
744-745, 1083
SEG. See Spotted fever group (SFG)
SGA. See Sabouraud glucose agar
(SGA)
Sharps containers, 51, 51f
Sheep blood agar
colonial appearance and
characteristics on, 456t
Pseudomonas aeruginosa on, 391f

Shell vial, 587
Shell vial cell culture, 959, 961f
Shepherd’s crook, 691
Shewanella algae
epidemiology, 400t
key biochemical and physiologic
characteristics, 404t
Shewanella putrefaciens
epidemiology, 400t
pathogenesis and spectrum of
disease, 401t
Shewanella spp., 399, 406
antimicrobial therapy and
susceptibility testing, 405t
colonial appearance and
characteristics, 403t
pathogenesis and spectrum of
disease, 401t
Shiga-like toxin—producing E. coli
(STEC), 348-350, 1102
Shigella dysenteriae, 1102, 1154
Shigella flexneri, 1010
Shigella spp., 11, 39, 102, 347,
355-356, 1084, 1105, 1106f,
1107, 1112-1114, 1151
Shingles, 980
Shipper, 57
Shunt infections, 1052
sIgA. See Secretory immunoglobulin
A (sIgA)
Sigma factors, 10-11
Sigmodon hispidus. See Cotton rat
(Sigmodon hispidus); Hispid
cotton rat (Sigmodon hispidus)
Sigmoidoscopy material, 652-653
modified acid-fast permanently
stained smear, 653b
stool material stained with
Wheatley trichrome stain,
653f
Signal amplification, hybridization
with, 130-132
Silent phase, 561-562
Silver nitrate, 525
Simian Malaria, 720-721
Simikania negevensis, 582, 589
Simkaniaceae, 589
Simmons Citrate. See Citrate
utilization (Simmons Citrate)
Simple transposon, 9
Single enzyme tests, 113
Single immunodiffusion, 158-159
Single nucleotide polymorphism
(SNP) typing, 305, 998
Single nucleotide variant (SNV),
371
Single-stranded DNA (ssDNA), 15
Single substrate utilizations,
114-115
Sin nombre virus (SNV), 976
Sinuses, 1069-1070
anatomy, 1069
diseases, 1069
epidemiology and etiology of
disease, 1069
laboratory diagnosis, 1069—1070
pathogenesis, 1069
Sinusitis, 1069

Index

Sinus tracts, 1123-1124
Six Sigma, 1138
Skin, 838
anatomy of, 1116
epidermal and dermal layers of,
1120t
function of, 1116
laboratory diagnostic procedures,
1124-1126
normal microbiota of, 1117b
prevalence, etiology, and
pathogenesis, 1116-1117
Skin and skin structures, 29, 30f
protective characteristics of
mucous membranes, 30t
protective characteristics of skin
and skin structures, 30t
Skin-associated lymphoid tissue, 29
Skin biopsy, 742
Skin colonizers, 29
Skin erythema, 772-773
Skin infections, 1116, 1124
general considerations,
1116-1117
infections in keratinized layer of
epidermis, 1117
infections in or around hair
follicles, 1117
manifestations of, 1118t
and soft tissue infections,
1117-1124
Skin lesions, 564
Skin manifestations, 1124
Skin membranes, lesions of, 945,
1085, 1087t
Slime layers, 24
Slow growers, 846-847
Slow-growing dematiaceous molds,
887
Slow-growing mycobacteria, 553
Slow-growing nontuberculous
mycobacteria, 557-560
Small-cell variant, 593
Small colony variants (SCVs), 265
Small regulatory RNA (sRNA), 11
Small ribosomal subunit (SSU), 685
smallRNA (sRNA), 7
Sneathia spp., 1086-1087
SNV. See Sin nombre virus (SNV);
Single nucleotide variant
(SNV)
s0dC gene, 520-521
Sodium chloride (NaCl), 930
Sodium hydroxide (NaOH), 564
Sodium polyanethol sulfonate
(SPS), 61, 328, 513, 519-520,
550, 563-564, 602, 1012,
1134
Sodoku, 514
Soft tick relapsing fever (STREF),
615
Soft tissue
general considerations,
1116-1117
infections, 1117-1124
laboratory diagnostic procedures,
1124-1126
Solicoccozyma spp., 916
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Solid media
inoculation on, 76
mycobacteria, 569, 572f
Solid medium, 95
Solid mycobacterial media,
572-573
Solid-phase extraction, 126-127
Solid-phase immunoassay, 164
Solid-phase immunosorbent assays
(SPIAs), 164
Solid tissues
specimen collection and
transport, 1133
specimen processing, direct
examination, and culture,
1136
Somnolence, 727
SOPM. See Standard operating
procedure manual (SOPM)
SOPs. See Standard operating
procedures (SOPs)
Sordariales, 888t-893¢
Southern hybridization, 128-129
SOW. See Superoxidized water
(SOW)
Spargana, 809
Sparganosis, 809
Special circumstances regarding
skin, 1123
Specialized testing methods,
200-203
Specialized transduction, 17
Species complex, 833
Species identification systems,
multiple, 925
Specific defense mechanisms, 29
Specimen collection and
transportation, 60, 1077,
1091-1092
appropriate collection techniques,
60-61
bloodstream infections,
1011-1012
of brain abscess/biopsies,
1056-1057
direct microscopic examination,
74
expediting results reporting, 78
gross examination of specimen,
74
incubation conditions, 76-77
inoculation on solid media, 76
preservation of specimen in,
61-77
rejection of unacceptable
specimens, 73-74
selection of culture media, 74-76
specimen labeling, 61-73
specimen preparation, 76
specimen processing, 74
specimen requisition, 73
specimen storage, 61, 62t—72t
specimen transport, 61, 73f, 73t
and storage of virus, 946-947
timing of, 1077
treponemataceae, 611
urinary tract infection,

1076-1077

Specimen processing, 1033-1036
direct visual examination,
1034-1036
rejection criteria for respiratory
samples, 1033-1034
routine culture, 1036

of virus, 947-952

Specimen selection and collection of

virus, 943-946
Specimen volume, bloodstream
infections, 1011-1012
Specimen work-up, 77-78
communication of laboratory
findings, 77-78
critical values, 78
extent of identification required,
77
Spectrophotometer, 119
Spectrum of activity, 172-173
Speothos venaticus. See Bush dogs
(Speothos venaticus)
SPEs. See Streptococcal pyrogenic
exotoxins (SPEs)
Sphingobacterium mizutaii, 407
Sphingobacterium multivorum, 409
Sphingobacterium spiritivorum, 409
Sphingobacterium spp., 407,
430-431, 443
antimicrobial susceptibility
testing and therapy, 410
approach to identification, 410
comments regarding specific
organisms, 410
cultivation, 409

colonial appearance, 409, 409t

incubation conditions and
duration, 409
media of choice, 409
direct detection methods, 409
epidemiology, 407-408, 408t
general characteristics, 407
laboratory diagnosis, 409-410
pathogenesis and spectrum of
disease, 408—409, 408t
prevention, 410
antimicrobial therapy and
susceptibility testing,
412t
key biochemical and
physiologic
characteristics, 411t
serodiagnosis, 410
specimen collection and
transport, 409
specimen processing, 409

Sphingobacterium thalpophilum, 409

Sphingomonas, 430
antimicrobial susceptibility, 433
antimicrobial therapy, 430
approach to identification,
431-433
comments regarding specific
organisms, 431-433
biochemical and physiologic
characteristics, 432t
colonial appearance and
characteristics, 431t
cultivation, 431

Sphingomonas (Continued)
colonial appearance, 431
incubation conditions and

duration, 431
media of choice, 431
direct detection methods, 430
epidemiology, 430
general considerations, 430
laboratory diagnosis, 430-433
prevention, 433
serodiagnosis, 430
specific biochemical
characteristics for
differentiation of, 432t
specimen collection and
transport, 430
specimen processing, 430
spectrum of disease, 430, 431t

Sphingomonas parapaucimobilis, 433

Sphingomonas paucimobilis,
431-433

epidemiology, 430
growth on blood agar, 433f
laboratory diagnosis, 430-433

SPIAs. See Solid-phase
immunosorbent assays (SPIAs)

Spiral groove, 686

Spiral hyphae, 848, 849f

Spiramycin, 748

Spirillum minus, 514, 1133

antimicrobial susceptibility
testing and therapy, 514
epidemiology and pathogenesis,
514
general characteristics, 514
laboratory diagnosis, 514
direction detection methods,
514
specimen collection, transport,
and processing, 514
prevention, 514
spectrum of disease, 514
Spirochaetales, 609
Spirochaetota
family borreliaceae, 615-619
family brachyspiraceae, 619-620
family leptospiraceae, 620-622
family treponemataceae,
609-615
Spirochetes, 1019
Spirometra mansonoides, 809
epidemiology, 809
general characteristics, 809
laboratory diagnosis, 809
pathogenesis and spectrum of
disease, 809
prevention, 809
therapy, 809

Splendore-Hoeppli phenomenon,
859

Splenic peliosis, 469

Splenomegaly, 494-495

Spongiform encephalopathies,
993-994

Sporangiospores, 834, 850

Sporangium, 850

Spore-forming bacilli, 543-546

Sporobolomyces spp., 914, 917

Sporocysts, 700
Sporogony, 695
Sporont, 700
Sporonticides, 723
Sporoplasm, 703
Sporothrix schenckii, 894, 1063,
1117-1118
Sporothrix spp., 895, 896f,
901-902, 931-932, 1064
mycelial form of, 902f
yeast form of, 902f
Sporotrichosis, 894
cultivation, 898
stains, 895
Sporozoa, 694-703
Cryprosporidium spp., 695—-698
Cyclospora cayetanensis, 698—700
Cystoisospora belli, 700-701
Sarcocystis spp., 702-703
Sporozoites, 695, 711, 904
Sporulation medium, 862
Spot indole test, 253b
Spotted fever group (SFG), 589
SPS. See Sodium polyanethol
sulfonate (SPS)
Sputum, 1025, 1031-1032
Squamous intraepithelial neoplasia,
1085
Squash, 81-82
16S ribosomal ribonucleic acid
(rRNA), 1, 380, 415, 431,
444, 446, 451, 461-462, 470,
478, 487, 495, 5006, 513, 568
18S ribosomal ribonucleic acid
(rRNA), 855-856
23S ribosomal ribonucleic acid
(rRNA), 470, 478
ssDNA. See Single-stranded DNA
(ssDNA)
SSIs. See Surgical site infections
(SSIs)
SSPE. See Subacute sclerosing
panencephalitis (SSPE)
SSU. See Small ribosomal subunit
(SSU)
ST. See Stable toxin (ST)
Stable toxin (ST), 1102
Stage I disease, 727
Stage IT disease, 727
Stained smears, 744
Stainer-Scholte synthetic medium,
503
Staining techniques, 81-88
for fluorescence microscopy,
88-91
gram stain, 82—86
Stains, 917-920, 1112, 1141-1142
chromoblastomycosis, 895
dermatophytes, 861-862
mucorales, 855
mycetoma, 895
opportunistic mycoses, 869
phacohyphomycosis, 895
pneumocystis, 906
sporotrichosis, 895
superficial infections, 894-895
systemic mycoses, 878-879
Standard curve, 139



Standard operating procedure
manual (SOPM), 1139
Standard operating procedures
(SOPs), 1155
Standard precautions, 51-52
Standard two-tiered testing
algorithm (STTT), 618
Staphylococci, 38
Staphylococcus, 259-260, 1008—
1009, 1063-1064
antimicrobial susceptibility testing
and therapy, 270-275
epidemiology, 259-260, 260t
laboratory diagnosis, 263-270
approach to identification,
265-270
colonial appearance, 265
colonial appearance and
characteristics on 5%
sheep blood agar, 266t
comments regarding specific
organisms, 266270
cultivation, 264-265
differentiation of gram-
positive, catalase-positive
cocci, 267t
differentiation of most
clinically signiﬁcant
clumping factor, 269t
direct detection methods,
263-264
incubation conditions and
duration, 264-265
media of choice, 264
molecular typing, 270
serodiagnosis, 270
specimen collection and
transport, 263
specimen processing, 263
pathogenesis and spectrum of
disease, 260-263, 262t
prevention, 275
Staphylococcus aureus, 39, 983,
1005, 1007, 1024, 1039—
1040, 1059, 1073, 1100—
1101, 1117, 1130, 1146, 1148
epidemiology, 259-260, 260t
pathogenesis and spectrum of
disease, 260-263, 262t
Staphylococcus caprae, epidemiology
of, 260t
Staphylococcus carnosus,
epidemiology of, 260t
Staphylococcus cohnii, identification
of, 266t
Staphylococcus epidermidis, 2671,
1059, 1130
epidemiology, 259-260, 260t
pathogenesis and spectrum of
disease, 260-263, 262t
Staphylococcus equorum,
epidemiology of, 273t
Staphylococcus gallinarum,
identification of, 271t
Staphylococcus haemolyticus
epidemiology, 259260, 260t
pathogenesis and spectrum of

disease, 260-263, 262t

Staphylococcus hominis
colonial appearance, 265
identification, 265-270
Staphylococcus intermedius, 261
Staphylococcus lentus, identification
of, 271t
Staphylococcus lugdunensis
colonial appearance, 265
identification, 265-270
Staphylococcus massiliensis, 272t
Staphylococcus pasteuri, 272t
Staphylococcus petrasii, epidemiology
of, 273t
Staphylococcus pettenkoferi,
epidemiology of, 273t
Staphylococcus pseudintermedius, 261
Staphylococcus rostri, epidemiology
of, 273t
Staphylococcus saprophyticus, 1072
colonial appearance, 265
epidemiology, 259-260, 260t
identification, 265-270
pathogenesis and spectrum of
disease, 260-263, 262t
Staphylococcus schleiferi
colonial appearance, 265
identification, 265-270
pathogenesis and spectrum of
disease, 260-263, 262t
Staphylococcus vitulinus, 271t
Staphylococcus warneri, 259
STDs. See Sexually transmitted
diseases (STDs)
Steatorrhea, 686
STEC. See Serotoxigenic Escherichia
coli (STEC); Shiga-like toxin—
producing E. coli (STEC)
Stellantchasmus spp., 816
epidemiology, 816
Stem cell transplant (SCT), 747
Stenotrophomonas, 376-377
antimicrobial resistance and
antimicrobial susceptibility
testing, 382, 383t
antimicrobial therapy, 382-384
colonial appearance and
characteristics, 379t
cultivation, 378-382
approach to idendfication, 379-382
colonial appearance, 379
comments regarding specific
organisms, 380-382
incubation conditions and
duration, 379
media of choice, 378-379
serodiagnosis, 382
epidemiology, 377, 377t
general characteristics, 376-377
key biochemical and physiologic
characteristics, 381t
laboratory diagnosis, 378
direct detection methods, 378
specimen collection and
transport, 378
specimen processing, 378
pathogenesis and spectrum of
discase, 377-378, 378t

prevention, 384

Stenotrophomonas maltophilia, 4,
376-377, 1030
antimicrobial therapy and
susceptibility testing, 383t
colonial appearance and
characteristics, 379t
colony of, 380f
epidemiology, 377t
key biochemical and physiologic
characteristics, 381t
pathogenesis and spectrum of
diseases, 378t
Stereoscopic microscope, 649
Sterile body fluids, 945
cerebrospinal fluid, 837-839
Sterile body sites, specimens from,
1127-1133
bone, 1132-1133
fluids, 1127-1132
solid tissues, 1133
Sterility, 1141
Sterilization, 4548
classification scheme of items, 45t
methods, 45-47
STG. See Scrub typhus group
(STG)
STIs. See Sexually transmitted
infections (STTs)
Stolons, 854
Stomatitis, 1042
Stool cultures of Campylobacter
spp., 477
Stool specimens, 945
STORCH. See Syphilis, Toxoplasma
spp., rubella, CMV and herpes
(STORCH)
Straight catheterized urine, 1076
Strain relatedness, 148—149, 149t
Strain typing, 148
Stramenopiles, 684
Strand displacement, 140-141
Strand displacement amplification
(SDA), 586
Streaking for isolation, 76
Streptobacillus moniliformis, 1012,
1122, 1131
Streptobacillus spp., 512
Pseudostreptobacillus spp.,
512-514
epidemiology and
pathogenesis, 512
general characteristics, 512
laboratory diagnosis, 513-514
spectrum of disease, 512-513
Spirillum minus, 514
Streptococcaceae, 3, 278,
1099-1100
Streptococcal pyrogenic exotoxins
(SPEs), 279-283
Streptococcal selective agar, 1044
Streptococci, 38
Streptococcus agalactiae, 3—4, 1055,
1079, 1131
Streptococcus anginosus, 1005, 1031,
1042, 1122
Streptococcus dysgalactiae, 1040
Streprococcus gallolyticus, 3—4, 1005
Streptococcus mutans, 1007
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Streptococcus pneumoniae, 3—4, 38,
283, 286f, 1005, 1007, 1040,
1048-1049, 1059, 1130, 1146

epidemiology, 279, 280282t
laboratory diagnosis, 285-293
pathogenesis and spectrum
of disease, 279-285,
280282t
prevention, 294

Streptococcus pseudopneumoniae, 283

Streptococcus pyogenes, 3—4, 1007,
1024, 1040, 1044, 1059,
1131, 1146

epidemiology, 279, 280t—282t
laboratory diagnosis, 285-293
pathogenesis and spectrum
of disease, 279-285,
280282t
prevention, 294

Streptococcus salivarius, 284

Streptococcus sanguis, 1007

Streptococcus spp., 15-16, 39, 278,
1063-1064, 1122

antimicrobial susceptibility
testing and therapy,
293-294
epidemiology, 279, 280t—282t
Gram-Positive Cocci, 285
laboratory diagnosis, 285-293
approach to identification,
291-293
colonial appearance, 291
comments regarding specific
organisms, 291-293
cultivation, 287-291
direct detection methods,
285-286
incubation conditions and
duration, 291
media of choice, 287-291
molecular typing, 293
serodiagnosis, 293
specimen collection and
transport, 285
specimen processing, 285
pathogenesis and spectrum
of disease, 279-285,
280282t
prevention, 294
Viridans Streptococci, 284

Streptogramins, 176

Streptolysin O, 279

Streptolysin S, 279

Streptomyces, 335, 337

epidemiology and pathogenesis,
337-339
general characteristics, 335-337

Streptomycin, 497

STRE. See Soft tick relapsing fever
(STRF)

Strict anacrobes, 526

Strictly aerobic bacteria, 21

Strictly anaerobic bacteria, 21

Stringency, 127

String test, 425

Striped field mouse (Apodemus
agrarius), 976

Strobila, 788
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Strongyloides spp., 653-654, 1029
Strongyloides stercoralis, 755758,
769, 1051-1052
epidemiology, 755
general characteristics, 755
laboratory diagnosis, 756757
nucleic acid detection, 757
serologic testing, 757
pathogenesis and spectrum of
disease, 755-756
life cycle of parasitic
roundworm, 756f
prevention, 758
rhabditiform larva, 756f-757f
therapy, 757-758
Strongyloidiasis, 755
STTT. See Standard two-tiered
testing algorithm (STTT)
Stuart medium, 61
Stye, 1060
Subacute sclerosing panencephalitis
(SSPE), 938
Subarachnoid spaces, 1046
Subculture of isolates, 534
Subcutaneous mycoses, 835
Subcutaneous tissues, 1116
infections of, 1118-1121, 1125
Subdural spaces, 1046
Subspecies, 3
Substrate hyphae, 335
Substrate-level phosphorylation,
20-21
Sucking disk, 686
2-Sucrose-phosphate (2-SP), 1065
Sudan ebolavirus, 973
Sulfadiazine, 741, 748
Sulfonamides, 178
Sulfur granules, 546
Superficial infections
approach to identification, 898
cultivation, 896-897
stains, 894-895
Superficial mycoses, 835, 1125
Superficial wounds, 1124
Supergroups, 3
Superoxidized water (SOW), 48
Suppurative thrombophlebitis,
1008-1009, 1008f
Suprapubic bladder aspiration,
1076-1077
Surface barriers, disruption of, 32
Surgical removal, 799, 808
Surgical site infections (SSIs), 1148
Surveillance methods, 1151-1153
Survival against immune system, 38
Survival against inflammation, 38
strategies microbial pathogens
use to survive immune
response, 39b
Susceptibility testing, 578-579
and therapy, 606-607
Susceptible dose dependent (SDD),
372
Sweat glands, 1116
Swimmers’ itch, 827
Swine flu, 934-935
Sympodically, 899
Synanamorphs, 834

Syncytia, 937
Syncytial cells, 952-954
Synergy, antimicrobial combination,
206
Synergy testing, antimicrobial
combination, 206
Syphilis, 1090
sensitivity of commonly used
serologic tests for, 613t
Syphilis, Toxoplasma spp., rubella,
CMY, and herpes (STORCH),
157
Systemic infections, 1124
Systemic mycoses, 835, 875-884
approach to identification,
881-883
direct detection methods,
878-881
antigen-protein, 880
cultivation, 880—881
nucleic acid testing, 880
stains, 878-879
epidemiology, 876-877
general characteristics, 876
laboratory diagnosis, 878-884
pathogenesis and spectrum of
disease, 877
serologic testing, 883884
specimen collection, transport,
and processing, 878

T
Tachyzoites, 745
Taenia asiatica, 798799
epidemiology, 798
general characteristics, 798
laboratory diagnosis, 798
pathogenesis and spectrum of
disease, 798
prevention, 799
therapy, 798
Taenia crassiceps, 799
epidemiology, 799
general characteristics, 799
laboratory diagnosis, 799
nucleic acid detection, 799
pathogenesis and spectrum of
disease, 799
therapy, 799
Taenia multiceps, 807-808
epidemiology, 807
general characteristics, 807
laboratory diagnosis, 808
pathogenesis and spectrum of
disease, 807-808
prevention, 808
therapy, 808
laenia saginata, 797-798
epidemiology, 797
general characteristics, 797
laboratory diagnosis, 798
pathogenesis and spectrum of
disease, 797
prevention, 798
therapy, 798
Taenia serialis, 808
epidemiology, 808
general characteristics, 808

laboratory diagnosis, 808
pathogenesis and spectrum of
disease, 808
therapy and prevention, 808
Taenia solium, 795-797, 801-803,
1050
common human parasites,
diagnostic specimens, tests,
and positive findings, 802t
epidemiology, 795, 801
general characteristics, 795, 801
laboratory diagnosis, 796-797,
803
pathogenesis and spectrum of
disease, 795-796, 803
prevention, 797, 803
therapy, 797, 803
Taenia solium excretory-secretory
(TSES), 796-797
Tai Forest ebolavirus, 973
Talaromyces marneffei, 869, 875f
opportunistic mycoses, 874
Tamm-Horsfall protein (THP),
1074
Tamponade, 1130-1131
Tapeworms, 788
eggs, 796
recovery of tapeworm scolex, 652
Taq polymerase, 133
Target nucleic acids, 124
mixture and hybridization, 127
preparation of, 126-127
Tatumella spp., 353
Taxonomy, 1
in diagnostic microbiology, 4b
virus, 935-937
tcdA. See Toxin A (tcdA)
tcdB. See Toxin B (tcdB)
tcdC. See Toxin C (tcdC)
T cells, 36
TCH. See Growth inhibition by
thiophene-2-carboxylic acid
hydrazide (TCH); Thiophene—
2-carboxylic acid hydrazide
(TCH)
TCP. See Toxin coregulated pili
(TCP)
TDM. See Therapeutic drug
monitoring (TDM)
TE. See Toxoplasma encephalitis
(TE)
Tegument, 978-979
Teichoic acids, 23
Teicoplanin, 174
Telavancin, 174
Teleomorph, 833
Tellurite reduction of mycobacteria,
576
Temperature, bacterial cultivation
and, 105
Temperature enrichment, 105
Template, 9
Tenderness, 772-773
Tenesmus, 675-676, 1088
Terbinafine, 933
Terminal chlamydoconidia, 849
Termination of replication, 9-10
Terminus, 133

Tertiary peritonitis, 1130

Tertiary syphilis, 611

Testes, 1082

Tetanus (T), 500

Tetanus immune globulin (TIG),
550

Tetanus neurotoxin (TeNT),
545-546

Tetanus toxoid, 550

Tetracyclines, 177, 622

Tetramethyl-p-phenylenediamine
dihydrochloride, 113

Tetrathionate broth, 98t-100¢

TG. See Typhus group (TG)

Thayer-Martin agar, 1045

The Joint Commission (T]JC), 1138

‘Therapeutic drug monitoring (TDM),
577-578

Therapeutic drugs of choice, 207

Therapy, 578, 1001, 1001t

Thermal cyclers, 957

Thermally dimorphic fungi, 833

Thermoactinomyces, 335

Thermophilic actinomycetes, 337

Thermus aquaticus, 786

Thiabendazole, 768

Thick blood films for parasites, 657,
659b-660b

Thin blood films, 657, 659b

Thioglycollate, 1096

Thioglycollate broth, 74-75, 94-95,
103

Thiol, 1019

Thiophene-2-carboxylic acid
hydrazide (TCH), 577

Thiosulfate citrate bile salts sucrose
(TCBS) agar, 423

Third stage, late disseminated Lyme
disease, 616617

Thoracentesis, 1128

Thoracic cavity, 1022-1023

THP. See Tamm-Horsfall protein
(THP)

Threshold, 139

Threshold cycle (CT), 139

Throat, 944

Thrombophlebitis, suppurative,
1008-1009

Thrombotic thrombocytopenia
purpura (TTP), 1102-1103

Thrush, 914, 1042

Thymine, 180

Thymine triphosphate (TTP), 7

Thyridiales, 888t—893t

Ticarcillin-clavulanic acid, 402-403

TIG. See Tetanus immune globulin
(TIG)

Tigecycline, 175

Time-kill studies, 205

TIN. See Modified Tinsdale agar
(TIN)

Tinea, 859-861

Tinea barbae, 859-861

Tinea capitis, 859-861

Tinea corporis, 859-861

Tinea cruris, 859-861

Tinea nigra, 887

Tinea pedis, 859-861



Tinea unguium, 859-861
Tissue cestodes, 801
Echinococcus granulosus complex,
803-805
Echinococcus multilocularis,
805-806
Echinococcus oligarthrus, 806-807
Echinococcus vogeli, 806-807
Spirometra mansonoides, 809
Taenia multiceps and other species,
807-808
Taenia serialis, 808
Taenia solium, 801-803
Tissue nematodes, 766
Ancylostoma braziliense, 772
Ancylostoma caninum, 772
Baylisascaris procyonis, 769-772
Dirofilaria immitis, 776-777
Dracunculus medinensis, 772773
Gnathostoma spinigerum, 775
Parastrongylus cantonensis,
773-774
Pam:trongylm costaricensis,
774-775
Toxocara canis, 768769
Toxocara cati, 768-769
Trichinella species, 766-768
Tissues, 488, 839, 877, 946, 1134,
1136
biopsies, 908, 1066
cultures, 957
filarial nematodes, 778
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Treponema spp., 609

characteristics, 609

epidemiology and pathogenesis,
609
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Trichinella spp., 657f, 766-769,
1106

epidemiology, 766767
cycle stages of intestinal
nematode, 767f
general characteristics, 766
laboratory diagnosis, 768
serologic testing, 768
pathogenesis and spectrum of
disease, 768
prevention, 768
therapy, 768
Trichinellidae, 766
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epidemiology, 599-601
isolation of, 606f
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(UPEC), 1072
Uropathogens, 1073

Urosepsis, 1147

Urticarial rash, 755

US Centers for Disease Control
and Prevention (CDC), 47,
160, 275, 283, 296-297, 357,
382, 436, 484, 493, 504, 500,
516-517, 543, 556-557,
582-584, 607, 612, 662, 723,
741, 781, 803, 823, 829, 938,
972, 999-1000, 1003-1004,
1035-1036, 1147, 1155

USDA. See United States
Department of Agriculture
(USDA)

U.S. Food and Drug Administration
(FDA), 130, 263-264, 297,
313-315, 357, 423, 448-450,
477, 520, 547, 556, 585, 603,
612,722,741, 781, 829, 906,
921, 950, 969, 996, 1011,
1043-1044, 1055, 1102

US Postal Service (USPS), 57

USPS. See US Postal Service (USPS)

USR. See Unheated serum reagin
(USR)

Ustilago spp., 914

Uterus, 1082

UTIs. See Urinary tract infections
(UTTs)

UTP. See Uridine triphosphate
(UTP)
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Viral detection
mass spectrometry, 960-962
serologic methods, 962




Index

Viral encephalitis, 1051
Viral hemorrhagic fever, 972-973
Viral inclusions, 952-954
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VSPs. See Variant-specific surface
proteins (VSPs)

VTEC. See Verocytotoxin
producing Escherichia coli
(VTEC)

Vulva, 1082

Vulvitis, 1085-1086

VZV. See Varicella-zoster virus
(VZV)

A\

Waddlia chondrophila, 582

Waddliaceae, 589

‘Waterborne gastrointestinal
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