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Preface

This, the fifteenth edition of Bailey & Scott’s Diagnostic 
Microbiology, is the third 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 these diseases, continues to present major 
challenges in the laboratory and medical care. In meeting 
these challenges, the primary goal for the fifteenth edi-
tion is to provide an updated and reliable reference text for 
practicing clinical microbiologists and technologists, while 
also presenting this information in a format that supports 
the educational efforts of all those responsible for prepar-
ing others for a career in 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 diagnos-
tics and advanced techniques such as matrix-assisted laser 
desorption time-of-flight mass spectrometry.

We have kept the favorite features and made adjustments 
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 discipline 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 enhanced with new photographs and 
artistic drawings. Finally, although some classic methods 

for bacterial identification and characterization developed 
over the years (e.g., catalase, oxidase, Gram stain) still 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 identi-
fication methods that received the most detailed attention 
may not always meet the needs of both groups. However, 
we have tried to be consistent in selecting those methods 
that reflect the most current and common practices of 
today’s clinical microbiology laboratories, along with those 
that present historical information required within an 
educational program.

Finally, in terms of organization, the fifteenth edition is 
similar in many aspects to the fourteenth edition, but some 
changes have been made. Various instructor ancillaries, spe-
cifically geared for the fifteenth edition, are available on the 
Evolve website, including an expanded test bank, updated 
PowerPoints, a laboratory manual with answers, review 
questions with answer key, 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 find Bailey & Scott’s Diagnostic Micro-
biology, fifteenth edition, to be a worthy and useful tool to 
support their professional activities.
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���t����$�M�B�T�T �	�D�P�O�U�B�J�O�T �T�J�N�J�M�B�S �P�S�E�F�S�T�

���t����0�S�E�F�S �	�D�P�O�U�B�J�O�T �T�J�N�J�M�B�S �G�B�N�J�M�J�F�T�

���t����'�B�N�J�M�Z �	�D�P�O�U�B�J�O�T �T�J�N�J�M�B�S �H�F�O�F�S�B�

���t����(�F�O�V�T �	�D�P�O�U�B�J�O�T �T�J�N�J�M�B�S �T�Q�F�D�J�F�T�

���t����4�Q�F�D�J�F�T �	�T�Q�F�D�J�ë�D �F�Q�J�U�I�F�U�� �M�P�X�F�S�D�B�T�F �-�B�U�J�O �B�E�K�F�D�U�J�W�F �P�S 

�O�P�V�O�� �N�P�T�U �F�Y�D�M�V�T�J�W�F �U�B�Y�B�

�#�B�D�U�F�S�J�B �P�S prokaryotes (prenucleus) are separated into 

�U�X�P �E�P�N�B�J�O�T�
 �U�I�F �#�B�D�U�F�S�J�B �B�O�E �U�I�F �"�S�D�I�B�F�B �	�B�O�D�J�F�O�U �C�B�D-
�U�F�S�J�B�
�� �h�F �#�B�D�U�F�S�J�B �D�P�O�U�B�J�O �U�I�F �F�O�W�J�S�P�O�N�F�O�U�B�M �Q�S�P�L�B�S�Z-
otes (blue green or cyanobacteria) and the heterotrophic 
medically relevant bacteria. �e Archaea are environmen-
tal isolates that live in extreme habitats such as high salt 
concentrations, jet fuel, or high temperatures. �e third 
domain, Eukarya, eukaryotes (true nucleus), also contains 
medically relevant organisms, including fungi and parasites.

�ere are several other taxonomic sublevels below the 
�E�P�N�B�J�O�T�
 �B�T �O�P�U�F�E �Q�S�F�W�J�P�V�T�M�Z�� �I�P�X�F�W�F�S�
 �U�I�F �U�Z�Q�J�D�B�M �B�Q�Q�M�J�D�B-
tion of organism classi�cation in the diagnostic microbi-
ology laboratory primarily uses the 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. �e name of a family is formed by adding the suf-
�x -aceae to the root name of one of the group’s genera, called 
the type genus; for example, the Streptococcaceae family type 
genus is Streptococcus. One exception to the rule in microbiol-
�P�H�Z �J�T �&�O�U�F�S�P�C�B�D�U�F�S�B�M�F�T�� �J�U �J�T �O�B�N�F�E �B�G�U�F�S �U�I�F �i�F�O�U�F�S�J�D�w �H�S�P�V�Q �P�G 
bacteria rather than the type species Escherichia coli. �#�B�D�U�F�S�J�B�M 
(prokaryotic)-type species or strains are determined according 
to guidelines published by the International Committee for the 
�4�Z�T�U�F�N�B�U�J�D�T �P�G �1�S�P�L�B�S�Z�P�U�F�T �	�*�$�4�1�
 �J�O �h�F �*�O�U�F�S�O�B�U�J�P�O�B�M �$�P�E�F 
�P�G �/�P�N�F�O�D�M�B�U�V�S�F �P�G �1�S�P�L�B�S�Z�P�U�F�T �	�*�$�/�1�
�� �h�J�T �D�P�E�F �Q�S�P�W�J�E�F�T 
the guidelines for linking nomenclature, classi�cation, and 
characterization of organisms using the physiologic, biochemi-
cal, genetic, and phenotypic traits of organisms. Microorgan-
ism type species should be described in detail using diagnostic 
and comparable methods that are reproducible, and all authen-
tic strains must be available for further analysis.�

Genus

Genus (plural, genera), the next taxon, contains di�erent 
species that have several important features in common. 
Each species within a genus di�ers su�ciently to maintain 
�J�U�T �T�U�B�U�V�T �B�T �B�O �J�O�E�J�W�J�E�V�B�M �T�Q�F�D�J�F�T�� �1�M�B�D�F�N�F�O�U �P�G �B �T�Q�F�D�J�F�T 
within a particular genus is based on various genetic and 
phenotypic characteristics shared among the species.

Microorganisms do not possess the multitude of physical 
features exhibited by higher organisms such as plants and ani-
mals. For instance, they rarely leave any fossil record, and they 
exhibit a tremendous capacity to intermix genetic material 
among seemingly unrelated species and genera. For these rea-
sons, con�dently establishing a microorganism’s relatedness 
in higher taxa beyond the genus level is di�cult. Although 

grouping similar genera into common families and simi-
lar families into common orders is used for classi�cation of 
plants and animals, these higher taxa designations (i.e., divi-
sion, class, and order) are not useful for classifying bacteria.�

Species

Species (abbreviated as sp., singular, or spp., plural) is the 
most basic of the taxonomic groups and can be de�ned as 
a collection of bacterial strains that share common physi-
ologic and genetic features and di�er notably from other 
microbial species. Occasionally, taxonomic subgroups 
within a species, called subspecies, are recognized. Further-
more, designations such as biotype, serotype, or genotype 
may be given to groups below the subspecies level that share 
speci�c but relatively minor characteristics. For example, 
Klebsiella pneumoniae and Klebsiella oxytoca are two distinct 
species within the genus Klebsiella. Serratia odorifera biotype 
2 and Treponema pallidum subsp. pallidum are examples of 
a biotype and a subspecies designation. A biotype is con-
sidered the same species with the same genetic makeup but 
displays di�erential physiologic characteristics. Subspecies 
do not display signi�cant enough divergence to be classi-
�ed as a biotype or a new species. Although these subgroups 
may have some taxonomic importance, their usefulness in 
diagnostic microbiology is limited.�

Nomenclature

Nomenclature is the naming of microorganisms accord-
ing to established rules and guidelines set forth in the 
�*�$�/�1�� �*�U �Q�S�P�W�J�E�F�T �U�I�F �B�D�D�F�Q�U�F�E �M�B�C�F�M�T �C�Z �X�I�J�D�I �P�S�H�B�O�J�T�N�T 
�B�S�F �V�O�J�W�F�S�T�B�M�M�Z �S�F�D�P�H�O�J�[�F�E�� �#�F�D�B�V�T�F �H�F�O�V�T �B�O�E �T�Q�F�D�J�F�T �B�S�F 
the groups commonly used by microbiologists, the discus-
sion of rules governing microbial nomenclature is limited 
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 scienti�c “label” consisting of two parts: the genus 
designation, in which the �rst letter is always capitalized, 
and the species designation, in which the �rst letter is 
always lowercase. �e two components are used simulta-
neously and are printed in italics or underlined in script. 
For example, the streptococci include Streptococcus pneu-
moniae, Streptococcus pyogenes, Streptococcus agalactiae, and 
Streptococcus bovis, among others. Alternatively, the name 
may be abbreviated by using the uppercase form of the 
�rst letter of the genus designation followed by a period 
(.) and the full species name (e.g., S. pneumoniae, S. pyo-
genes, S. agalactiae, and S. bovis). Finally, when discussing 
a single speci�c organism, the species may be designated 
using sp., and a group of species within the genus 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. �ese designations are not capitalized 
or italicized.
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As more information is gained regarding organism clas-
si�cation and identi�cation, a particular species may be 
moved to a di�erent genus or assigned a new genus name. 
�e 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. �1�V�C�M�J�T�I�F�E �O�P�N�F�O�D�M�B�U�V�S�F �N�B�Z �C�F �G�P�V�O�E �B�U http:// 
www.bacterio.net for bacteria, http://www.ictvonline.
org for viruses, http://www.iapt-taxon.org/nomen/main.
php for fungi, and http://www.iczn.org for parasites. It is 
important to note that the fungi and parasite lists are dif-
�cult to maintain and may not re�ect the current validity 
at the time of review. In the diagnostic laboratory, changes 
in nomenclature are phased in gradually so that physicians 
and laboratorians have ample opportunity to recognize that 
a familiar pathogen has been given a new name. �is is usu-
ally accomplished by using the new genus designation while 
continuing to provide the previous designation in paren-
�U�I�F�T�F�T�� �G�P�S �F�Y�B�N�Q�M�F�
 Stenotrophomonas (Xanthomonas) malto-
philia or Burkholderia (Pseudomonas) cepacia.�

Identification

Microbial identi�cation  is the process by which a micro-
organism’s key features are delineated. Once those features 
have been established, the pro�le is compared with those of 
other previously characterized microorganisms. �e organ-
ism can then be assigned to the most appropriate taxa and 
�D�B�O �C�F �H�J�W�F�O �B�Q�Q�S�P�Q�S�J�B�U�F �H�F�O�V�T �B�O�E �T�Q�F�D�J�F�T �O�B�N�F�T�� �C�P�U�I �B�S�F 
essential aspects of taxonomy in diagnostic microbiology 
and the management of infectious disease (�#�P�Y ������).

Identification Methods

A wide variety of methods and criteria are used to establish 
a microorganism’s identity. �ese methods can be separated 
into either of two general categories: genotypic or pheno-
typic characteristics. Genotypic characteristics relate to 
an organism’s genetic makeup, including the nature of the 
organism’s genes and constituent nucleic acids (see Chap-
ter 2 for more information about microbial genetics). Phe-
notypic characteristics are based on features beyond the 
genetic level, including both readily observable character-
istics and features that may require extensive analytic pro-
cedures to be detected. Examples of characteristics used as 
criteria for bacterial identi�cation and classi�cation are pro-
vided in Table 1.1. Modern microbial taxonomy uses a com-
bination of several methods to characterize microorganisms 
thoroughly to classify and name each organism.

Although the criteria and examples in Table 1.1 are given in 
the context of microbial identi�cation for classi�cation pur-
poses, the principles and practices of classi�cation parallel the 
approaches used in diagnostic microbiology for the identi�ca-
tion and characterization of microorganisms encountered in 
the clinical setting. Fortunately, because of the previous e�orts 
and accomplishments of microbial taxonomists, microbiolo-
gists do not have to use several burdensome classi�cation 

and identi�cation schemes to identify infectious agents. 
Instead, microbiologists use key phenotypic and genotypic 
features on which to base their identi�cation to provide clini-
cally relevant information in a timely manner (Chapter 12).  
�is should not be taken to mean that the identi�cation of 
all clinically relevant organisms is easy and straightforward. 
�is is also not meant to imply that microbiologists can 
identify or recognize only organisms that have already been 
characterized and named by taxonomists. Indeed, the clinical 
microbiology laboratory is well recognized as the place where 
previously unknown or uncharacterized infectious agents are 
initially encountered, and 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.	� �e most speci�c and exclusive taxon used in the clas-

si�cation of microorganisms is:
	 a.	�Family
	 b.	�Order
	 c.	�Species
	 d.	�Genus
	2.	� �e process consisting of a series of methods designed to 

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

	 a.	�Classi�cation
	 b.	�Identi�cation
	 c.	�Organization
	 d.	�Taxonomy
	3.	� Classi�cation and naming of organisms are useful in 

diagnostic microbiology for all of the following except:
	 a.����1�S�P�W�J�E�J�O�H �T�U�B�O�E�B�S�E�J�[�F�E �H�S�P�V�Q�J�O�H�T �G�P�S �J�E�F�O�U�J�ë�D�B�U�J�P�O
	 b.	�Standardized groupings are always genotypically simi-

�M�B�S �B�U ����������
	 c.	�Standardized groupings share similar phenotypic traits
	 d.	��e ability of organisms within a standard group may 

be identi�ed using similar methods
	4.	� Which of the following is not 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

	5.	� Labeling: Label each of the following characteristics as 
either a phenotypic (P) or a genotypic (G) characteristic.
_____ Color of growth on arti�cial media
_____ �e presence of an antibiotic-resistance DNA se-

quence
_____ �e shape of the bacterial cell
_____ �e arrangement of the bacterial cells on a micro-

scope slide
_____ �e ability of the organism to ferment lactose

	6.	� Mass spectrometry is a technique used to separate and 
identify the spectrum of proteins and peptides that are 
expressed by microorganisms. �is method is considered 
a ________method for the characterization and classi�-
cation of organisms.

	 a.	�phenotypic
	 b.	�chemotaxonomic
	 c.	�genotypic
	 d.	�polyphasic
	7.	� Which of the following methods would be considered 

chemotaxonmic?
	 a.	�Fatty acid analysis
	 b.����1�S�P�U�F�J�O �N�B�T�T �T�Q�F�D�U�S�P�N�F�U�S�Z
	 c.	�Cell wall composition
	 d.	�All of the answers are correct
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Nucleic Acid Structure and Organization

For all living entities, hereditary information resides or is 
encoded in nucleic acids. �e 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). �*�O �T�P�N�F �G�P�S�N�T�
 �3�/�" 
encodes genetic information for various viruses; in other 
�G�P�S�N�T�
 �3�/�" �Q�M�B�Z�T �B�O �F�T�T�F�O�U�J�B�M �S�P�M�F �J�O �T�F�W�F�S�B�M �P�G �U�I�F �H�F�O�F�U�J�D 
processes in prokaryotic and eukaryotic cells, including 
�U�I�F �S�F�H�V�M�B�U�J�P�O �B�O�E �U�S�B�O�T�G�F�S �P�G �J�O�G�P�S�N�B�U�J�P�O�� �1�S�P�L�B�S�Z�P�U�J�D�
 

or prenuclear, organisms do not have membrane-bound 
organelles, and the cells’ genetic material is therefore 
not enclosed in a nucleus. Eukaryotic, or “true nucleus,” 
organisms have the genetic material enclosed in a nuclear 
envelope.

Nucleotide Structure and Sequence
�%�/�" �D�P�O�T�J�T�U�T �P�G �E�F�P�Y�Z�S�J�C�P�T�F �T�V�H�B�S�T �D�P�O�O�F�D�U�F�E �C�Z �Q�I�P�T-
phodiester bonds (Fig. 2.2A). �e bases that are covalently 
linked to each deoxyribose sugar are the key to the genetic 
code �X�J�U�I�J�O �U�I�F �%�/�" �N�P�M�F�D�V�M�F�� �h�F �G�P�V�S �O�J�U�S�P�H�F�O�P�V�T �C�B�T�F�T 
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�t Fig. �.�   Molecular structure of nucleic acid bases. DNA, Deoxyribonucleic acid; RNA, ribonucleic 
acid.  Pyrimidines: cytosine, thymine, and uracil. Purines: adenine and guanine.

include two purines, adenine (A) and guanine (G), and the 
two pyrimidines, cytosine (C) and thymine (T) (Fig. 2.3). 
�*�O �3�/�"�
 �V�S�B�D�J�M �S�F�Q�M�B�D�F�T �U�I�Z�N�J�O�F�� �h�F �D�P�N�C�J�O�F�E �T�V�H�B�S�
 �Q�I�P�T-
phate, and a base form a single unit referred to as a nucleo-
tide �	�B�E�F�O�P�T�J�O�F �U�S�J�Q�I�P�T�Q�I�B�U�F �<�"�5�1�>�
 �H�V�B�O�J�O�F �U�S�J�Q�I�P�T�Q�I�B�U�F 
�<�(�5�1�>�
 �D�Z�U�P�T�J�O�F �U�S�J�Q�I�P�T�Q�I�B�U�F �<�$�5�1�>�
 �B�O�E �U�I�Z�N�J�O�F �U�S�J�Q�I�P�T-
�Q�I�B�U�F �<�5�5�1�> �P�S �V�S�J�E�J�O�F �U�S�J�Q�I�P�T�Q�I�B�U�F �<�6�5�1�>�
�� �%�/�" �B�O�E 
�3�/�" �B�S�F �O�V�D�M�F�P�U�J�E�F �Q�P�M�Z�N�F�S�T �	�J���F���
 �D�I�B�J�O�T �P�S �T�U�S�B�O�E�T�
�
 �B�O�E 
�U�I�F �P�S�E�F�S �P�G �C�B�T�F�T �B�M�P�O�H �B �%�/�" �P�S �3�/�" �T�U�S�B�O�E �J�T �L�O�P�X�O �B�T 
the base sequence. �is 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
�h�F �J�O�U�B�D�U �%�/�" �N�P�M�F�D�V�M�F �J�T �D�P�N�Q�P�T�F�E �P�G �U�X�P �O�V�D�M�F�P�U�J�E�F 
polymers. Each strand has a 5� (prime) phosphate and a 3� 
(prime) hydroxyl terminus (Fig. 2.2A). �e two strands run 
antiparallel, with the 5� of one strand opposed to the 3� ter-
minal of the other. �e strands are also complementary. �is 
adherence to A-T and G-C base pairing results in a double-
�T�U�S�B�O�E�F�E �%�/�" �	�E�T�%�/�"�
 �N�P�M�F�D�V�M�F �	�E�P�V�C�M�F �I�F�M�J�Y�
�� �h�F �U�X�P 
�B�O�U�J�Q�B�S�B�M�M�F�M �T�J�O�H�M�F �T�U�S�B�O�E�T �P�G �%�/�" �G�P�S�N �B �i�U�X�J�T�U�F�E �M�B�E�E�F�S�w 
structure (Fig. 2.2B). In addition, the dedicated base pairs 
(bp) provide the format for consistent replication and expres-
�T�J�P�O �P�G �U�I�F �H�F�O�F�U�J�D �D�P�E�F�� �*�O �D�P�O�U�S�B�T�U �U�P �%�/�"�
 �X�I�J�D�I �D�B�S�S�J�F�T 
�U�I�F �H�F�O�F�U�J�D �D�P�E�F�
 �3�/�"  �S�B�S�F�M�Z �F�Y�J�T�U�T �B�T �B �E�P�V�C�M�F���T�U�S�B�O�E�F�E 
�N�P�M�F�D�V�M�F�� �h�F�S�F �B�S�F �G�P�V�S �N�B�K�P�S �U�Z�Q�F�T �P�G �3�/�" �	messenger 
RNA [mRNA], transfer RNA [tRNA], and ribosomal RNA 
[rRNA]) along with a variety of noncoding RNA (ncRNA) 
�N�P�M�F�D�V�M�F�T �T�V�D�I �B�T �N�J�D�S�P�3�/�" �	�N�J�3�/�"�
 �U�I�B�U �Q�M�B�Z �L�F�Z �S�P�M�F�T �J�O 
posttranscriptional regulation of gene expression.�

Genes and the Genetic Code
�" �%�/�" �T�F�R�V�F�O�D�F �U�I�B�U �F�O�D�P�E�F�T �B �T�Q�F�D�J�ë�D �Q�S�P�E�V�D�U �	�3�/�" �P�S 
protein) is de�ned as a gene. �ousands of genes in an organ-
ism encode messages or blueprints for the production of one 
�P�S �N�P�S�F �Q�S�P�U�F�J�O�T �B�O�E �3�/�" �Q�S�P�E�V�D�U�T �U�I�B�U �Q�M�B�Z �F�T�T�F�O�U�J�B�M �N�F�U�B-
bolic roles in the cell. All the genes in an organism comprise 
the organism’s genome. �e genome of a microorganism 
includes the chromosomes and the mobilome (extrachro-
mosomal mobile genetic elements). �e size of a gene and 

an entire genome are usually expressed in the number of bp 
�Q�S�F�T�F�O�U �	�F���H���
 �L�J�M�P�C�B�T�F�T �<������ �C�B�T�F�T�>�
 �N�F�H�B�C�B�T�F�T �<������ �C�B�T�F�T�>�
��

Certain genes are widely distributed among various 
organisms, whereas others are limited to a particular spe-
cies. In addition, the base pair sequence for individual genes 
may be highly conserved (i.e., show limited sequence di�er-
ences among di�erent organisms) or be widely variable. As 
discussed in Chapter 8, these similarities and di�erences in 
genetic content and sequences are the basis for the devel-
opment of molecular methods used to detect, identify, and 
characterize microorganisms.�

Chromosomes
�e genome is organized into discrete elements known as 
chromosomes. �e set of genes within a given chromosome is 
arranged in a linear fashion, but the number of genes per chro-
mosome is variable. Similarly, although the number of chro-
mosomes 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 bacte-
ria contain a single, unpaired (i.e., haploid) chromosome.

Bacteria are classi�ed as prokaryotes; therefore the chro-
mosome is not located in a membrane-bound organelle (i.e., 
nucleus). �e bacterial chromosome contains the genes 
essential for viability and exists as a double-stranded, closed, 
circular macromolecule. �e molecule is extensively folded 
and twisted (i.e., supercoiled) to �t within the con�ned 
space of the bacterial cell. �e linearized, unsupercoiled 
chromosome of the bacterium Escherichia coli is approxi-
mately 130 µm long, but it �ts within a cell 1 × 3 µm; this 
attests to the extreme compact structure of the supercoiled 
bacterial chromosome. For genes in the compacted chromo-
some to be expressed and replicated, unwinding or relax-
ation of the molecule is required.

In contrast to the bacterial chromosome, the chromosomes 
of parasites and fungi number more than one per cell, are lin-
ear, and are housed within a membrane-bound organelle (the 
nucleus) of the cell. �is di�erence is a major criterion for 
classifying bacteria as prokaryotes and fungi and parasites as 
�F�V�L�B�S�Z�P�U�F�T�� �h�F �H�F�O�F�U�J�D �N�B�L�F�V�Q �P�G �B �W�J�S�V�T �N�B�Z �D�P�O�T�J�T�U �P�G �%�/�" 
�P�S �3�/�" �D�P�O�U�B�J�O�F�E �X�J�U�I�J�O �B �Q�S�P�U�F�J�O �D�P�B�U �S�B�U�I�F�S �U�I�B�O �B �D�F�M�M���
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Nonchromosomal Elements (Mobilome)
Although the bacterial chromosome represents the majority 
of a cell’s genome, not all genes are con�ned to the chromo-
some. Many genes may also be located on plasmids and 
transposable elements. Both of these extrachromosomal 
elements are able to replicate and encode information for 
the production of various cellular products. Many of these 
elements replicate by integration into the host chromosome, 
whereas others, referred to as episomes, are capable of rep-
lication independently of the host chromosome. Although 
considered part of the bacterial genome, they are not as 
stable as the chromosome and may be lost during cellular 
replication, often without any detrimental e�ects on the 
viability of the cell.

�1�M�B�T�N�J�E�T �F�Y�J�T�U �B�T �E�P�V�C�M�F���T�U�S�B�O�E�F�E�
 �D�M�P�T�F�E�
 �D�J�S�D�V�M�B�S�
 
autonomously replicating extrachromosomal genetic 
elements ranging in size from 1 to 2 kilobases up to 1 
megabase or more. The number of plasmids per bacterial 
cell varies extensively, and each plasmid is composed of 
several genes. Some genes encode products that medi-
ate plasmid replication and transfer between bacterial 
cells, whereas others encode products that provide a 
specialized function, such as a determinant of antimi-
�D�S�P�C�J�B�M �S�F�T�J�T�U�B�O�D�F �P�S �B �V�O�J�R�V�F �N�F�U�B�C�P�M�J�D �Q�S�P�D�F�T�T�� �6�O�M�J�L�F 
most chromosomal genes, plasmid genes do not usually 
�F�O�D�P�E�F �G�P�S �Q�S�P�E�V�D�U�T �F�T�T�F�O�U�J�B�M �G�P�S �W�J�B�C�J�M�J�U�Z�� �1�M�B�T�N�J�E�T�
 �J�O 
whole or in part, may also become incorporated into the 
chromosome.

�5�S�B�O�T�Q�P�T�B�C�M�F �F�M�F�N�F�O�U�T �B�S�F �Q�J�F�D�F�T �P�G �%�/�" �U�I�B�U �N�P�W�F 
from one genetic element to another, from plasmid to 
�D�I�S�P�N�P�T�P�N�F �P�S �W�J�D�F �W�F�S�T�B�� �6�O�M�J�L�F �Q�M�B�T�N�J�E�T�
 �N�B�O�Z �B�S�F 
unable to replicate independently and do not exist as 
separate entities in the bacterial cell. �e two types of 
transposable elements are the simple transposon or 
insertion sequence (IS) and the composite or complex 
transposon. Insertion sequences are limited to contain-
ing the genes that encode information required for move-
ment from one site in the genome to another. Composite 
transposons are cassettes (grouping of genes) �anked by 
insertion sequences. �e internal gene embedded in the 
IS encodes for an accessory function, such as antimi-
�D�S�P�C�J�B�M �S�F�T�J�T�U�B�O�D�F�� �1�M�B�T�N�J�E�T �B�O�E �U�S�B�O�T�Q�P�T�B�C�M�F �F�M�F�N�F�O�U�T 
coexist with chromosomes in the cells of many bacterial 
species. �ese extrachromosomal elements play a key role 
in the exchange of genetic material throughout the bacte-
rial microbiosphere, including genetic exchange among 
clinically relevant bacteria.�

DNA Replication
Replication
Bacteria multiply by binary �ssion (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 
�G�V�O�D�U�J�P�O�B�M �%�/�"�� Replication is a complex process medi-
�B�U�F�E �C�Z �W�B�S�J�P�V�T �F�O�[�Z�N�F�T�
 �T�V�D�I �B�T �%�/�" �Q�P�M�Z�N�F�S�B�T�F �B�O�E 

cofactors; replication must occur quickly and accurately. For 
descriptive purposes, replication may be considered in four 
stages (Fig. 2.4):
����������6�O�X�J�O�E�J�O�H �P�S �S�F�M�B�Y�B�U�J�P�O �P�G �U�I�F �D�I�S�P�N�P�T�P�N�F���T �T�V�Q�F�S-

�D�P�J�M�F�E �%�/�"
	2.	� Separation of the complementary strands of the parental 

�%�/�"�� �&�B�D�I �T�U�S�B�O�E �N�B�Z �T�F�S�W�F �B�T �B template (i.e., pattern) 
�G�P�S �T�Z�O�U�I�F�T�J�T �P�G �O�F�X �%�/�" �T�U�S�B�O�E�T�
 �S�F�G�F�S�S�F�E �U�P �B�T semi-
conservative replication

����������4�Z�O�U�I�F�T�J�T �P�G �U�I�F �O�F�X �	�J���F���
 �E�B�V�H�I�U�F�S�
 �%�/�" �T�U�S�B�O�E�T
	4.	� Termination of replication, releasing two identical chro-

mosomes, one for each daughter cell
�3�F�M�B�Y�B�U�J�P�O �P�G �T�V�Q�F�S�D�P�J�M�F�E �D�I�S�P�N�P�T�P�N�B�M �%�/�"  �J�T 

required, which permits the enzymes and cofactors 
�J�O�W�P�M�W�F�E �J�O �S�F�Q�M�J�D�B�U�J�P�O �B�D�D�F�T�T �U�P �U�I�F �%�/�" �N�P�M�F�D�V�M�F �B�U �U�I�F 
site where the replication process will originate (i.e., ori-
gin of replication). �e origin of replication (a speci�c 
sequence of approximately 300 bp) is recognized by several 
initiation proteins, followed by the separation of the com-
�Q�M�F�N�F�O�U�B�S�Z �T�U�S�B�O�E�T �P�G �Q�B�S�F�O�U�B�M �%�/�"�� �&�B�D�I �Q�B�S�F�O�U�B�M �T�U�S�B�O�E 
serves as a template for the synthesis of a new comple-
mentary daughter strand. �e site of active replication is 
referred to as the replication fork; two bidirectional forks 
are involved in the replication process. Each replication 
�G�P�S�L �N�P�W�F�T �U�I�S�P�V�H�I �U�I�F �Q�B�S�F�O�U �%�/�" �N�P�M�F�D�V�M�F �J�O �P�Q�Q�P�T�J�U�F 
directions as a bidirectional process. Activity at each repli-
cation fork involves di�erent cofactors and enzymes, with 
DNA polymerase �Q�M�B�Z�J�O�H �B �D�F�O�U�S�B�M �S�P�M�F�� �6�T�J�O�H �F�B�D�I �Q�B�S�F�O-
�U�B�M �T�U�S�B�O�E �B�T �B �U�F�N�Q�M�B�U�F�
 �%�/�" �Q�P�M�Z�N�F�S�B�T�F �B�E�E�T �O�V�D�M�F�P�U�J�E�F 
bases to each growing daughter strand in a sequence that is 
complementary to the base sequence of the template (par-
ent) strand. �e complementary bases of each strand are 
then held together by hydrogen bonding between nucleo-
tides and the hydrophobic nature of the nitrogenous bases. 
�e new nucleotides can be added only to the 3� hydroxyl 
end of the growing strand. �e synthesis for each daughter 
strand occurs in the 5� to 3� direction.

Termination of replication occurs when the replication 
forks meet. �e 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, 
the process generally takes approximately 20 to 40 minutes 
in rapidly growing bacteria such as E. coli. �e 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-
�D�B�M�M�Z �G�V�O�D�U�J�P�O�B�M �N�P�M�F�D�V�M�F�T�
 �J�O�D�M�V�E�J�O�H �3�/�" �B�O�E �Q�S�P�U�F�J�O�T�� 
�e overall process of gene expression is composed of two 
steps, transcription and translation. Gene expression 
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�S�F�R�V�J�S�F�T �W�B�S�J�P�V�T �D�P�N�Q�P�O�F�O�U�T�
 �J�O�D�M�V�E�J�O�H �B �%�/�" �U�F�N�Q�M�B�U�F 
representing a single gene or cluster of genes, various 
�F�O�[�Z�N�F�T �B�O�E �D�P�G�B�D�U�P�S�T�
 �B�O�E �3�/�" �N�P�M�F�D�V�M�F�T �P�G �T�Q�F�D�J�ë�D 
structure and function.

Transcription
Gene expression begins with transcription. During tran-
�T�D�S�J�Q�U�J�P�O �U�I�F �%�/�" �C�B�T�F �T�F�R�V�F�O�D�F �P�G �U�I�F �H�F�O�F �	�J���F���
 �U�I�F 
�H�F�O�F�U�J�D �D�P�E�F�
 �J�T �D�P�O�W�F�S�U�F�E �J�O�U�P �B�O �N�3�/�" �N�P�M�F�D�V�M�F �U�I�B�U 
�J�T �D�P�N�Q�M�F�N�F�O�U�B�S�Z �U�P �U�I�F �H�F�O�F���T �%�/�" �T�F�R�V�F�O�D�F �	Fig. 2.5). 
�6�T�V�B�M�M�Z �P�O�M�Z �P�O�F �P�G �U�I�F �U�X�P �%�/�" �T�U�S�B�O�E�T �	sense strand) 
encodes for a functional gene product. �is same strand is 
�U�I�F �U�F�N�Q�M�B�U�F �G�P�S �N�3�/�" �T�Z�O�U�I�F�T�J�T��

RNA polymerase is the enzyme central to the transcrip-
tion process. �e enzyme is composed of four protein sub-
units and a sigma (� ) factor. Sigma factors are required for 
�U�I�F �3�/�" �Q�P�M�Z�N�F�S�B�T�F �U�P �J�E�F�O�U�J�G�Z �U�I�F �B�Q�Q�S�P�Q�S�J�B�U�F �T�J�U�F �P�O �U�I�F 
�%�/�" �U�F�N�Q�M�B�U�F �X�I�F�S�F �U�S�B�O�T�D�S�J�Q�U�J�P�O �P�G �N�3�/�" �J�T �J�O�J�U�J�B�U�F�E�� 
�is initiation site is also known as the promoter sequence. 
�e remainder of the enzyme functions to unwind the 
�E�T�%�/�" �B�U �U�I�F �Q�S�P�N�P�U�F�S �T�F�R�V�F�O�D�F �B�O�E �V�T�F �U�I�F �%�/�" �T�U�S�B�O�E 
�B�T �B �U�F�N�Q�M�B�U�F �U�P �T�F�R�V�F�O�U�J�B�M�M�Z �B�E�E �S�J�C�P�O�V�D�M�F�P�U�J�E�F�T �	�"�5�1�
 
�(�5�1�
 �6�5�1�
 �B�O�E �$�5�1�
 �U�P �G�P�S�N �U�I�F �H�S�P�X�J�O�H �N�3�/�" �T�U�S�B�O�E��

Transcription proceeds in a 5� to 3� direction. However, 
�J�O �N�3�/�"�
 �U�I�F �5�5�1 �P�G �%�/�" �J�T �S�F�Q�M�B�D�F�E �X�J�U�I �6�5�1�� �5�5�1 

�D�P�O�U�B�J�O�T �U�I�Z�N�J�O�F�
 �B�O�E �6�5�1 �D�P�O�U�B�J�O�T �V�S�B�D�J�M�� �#�P�U�I �N�P�M�F�D�V�M�F�T 
contain a heterocyclic ring and are classi�ed as pyrimidines. 
During synthesis and modi�cation of these molecules, a 
portion of the molecules are dehydroxylated, forming a 
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2�-deoxynucleotide monophosphate. �e dehydroxylated 
�V�S�B�D�J�M �N�P�O�P�Q�I�P�T�Q�I�B�U�F �	�E�6�.�1�
 �J�T �U�I�F�O �N�F�U�I�Z�M�B�U�F�E�
 �G�P�S�N-
�J�O�H �E�F�I�Z�E�S�P�Y�Z�M�B�U�F�E �U�I�Z�N�J�O�F �N�P�O�P�Q�I�P�T�Q�I�B�U�F �	�E�5�.�1�
�� �"�G�U�F�S 
phosphorylation, thymine is found only in the �nal state as 
deoxythymidine and therefore cannot be incorporated into an 
�3�/�" �N�P�M�F�D�V�M�F�� �4�Z�O�U�I�F�T�J�T �P�G �U�I�F �T�J�O�H�M�F���T�U�S�B�O�E�F�E �N�3�/�" �Q�S�P�E-
�V�D�U �F�O�E�T �X�I�F�O �T�Q�F�D�J�ë�D �O�V�D�M�F�P�U�J�E�F �C�B�T�F �T�F�R�V�F�O�D�F�T �P�O �U�I�F �%�/�" 
template are encountered. Termination of transcription may 
be facilitated by a rho (a prokaryotic protein) cofactor or an 
intrinsic termination sequence. Both of these mechanisms dis-
�S�V�Q�U �U�I�F �N�3�/�"���3�/�" �Q�P�M�Z�N�F�S�B�T�F �U�F�N�Q�M�B�U�F �%�/�" �D�P�N�Q�M�F�Y��

�*�O �C�B�D�U�F�S�J�B�
 �U�I�F �N�3�/�" �N�P�M�F�D�V�M�F�T �U�I�B�U �S�F�T�V�M�U �G�S�P�N �U�I�F 
transcription process are polycistronic; that is, they encode 
�G�P�S �T�F�W�F�S�B�M �H�F�O�F �Q�S�P�E�V�D�U�T�� �1�P�M�Z�D�J�T�U�S�P�O�J�D �N�3�/�" �N�B�Z �F�O�D�P�E�F 
several genes whose products (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.

�h�F �U�S�B�O�T�D�S�J�Q�U�J�P�O �Q�S�P�D�F�T�T �O�P�U �P�O�M�Z �Q�S�P�E�V�D�F�T �N�3�/�" �C�V�U 
�B�M�T�P �U�3�/�"�
 �S�3�/�"�
 �B�O�E �S�F�H�V�M�B�U�P�S�Z �O�P�O �D�P�E�J�O�H �	�O�D�3�/�"�
 
�N�P�M�F�D�V�M�F�T�� �"�M�M �U�Z�Q�F�T �P�G �3�/�" �N�P�M�F�D�V�M�F�T �I�B�W�F �L�F�Z �S�P�M�F�T �J�O 
protein synthesis. To initiate transcription, accessory factors 
�B�S�F �O�F�F�E�F�E �U�P �M�P�D�B�M�J�[�F �U�I�F �3�/�" �Q�P�M�Z�N�F�S�B�T�F �U�P �U�I�F �Q�S�P�N�P�U�F�S 
upstream of the coding sequence. In bacteria, the �  factor 
�C�J�O�E�T �U�P �U�I�F �3�/�" �Q�P�M�Z�N�F�S�B�T�F �B�O�E �S�F�D�P�H�O�J�[�F�T �U�I�F �H�F�O�F���T�Q�F-
�D�J�ë�D �Q�S�P�N�P�U�P�S�� �*�O �T�P�N�F �C�B�D�U�F�S�J�B �B �T�N�B�M�M �S�F�H�V�M�B�U�P�S�Z �3�/�" 
�	�T�3�/�"�
�
 ���4 �3�/�"�
 �C�J�O�E�T �U�I�F �T�J�H�N�B �G�B�D�U�P�S �U�P �S�F�Q�S�F�T�T �U�S�B�O-
scription in the late stationary phase of bacterial growth. 
�h�F ���4 �3�/�" �C�J�O�E�T �B�O�E �G�P�S�N�T �B �C�V�M�H�F �P�S �M�P�P�Q�� �h�F �M�P�P�Q 
�T�F�S�W�F�T �B�T �B�O �3�/�"���E�F�Q�F�O�E�F�O�U �T�J�U�F �G�P�S �3�/�" �T�Z�O�U�I�F�T�J�T�� �h�F 
�3�/�" �T�Z�O�U�I�F�T�J�[�F�E �G�S�P�N �U�I�F �M�P�P�Q �J�T �S�F�G�F�S�S�F�E �U�P �B�T �Q�3�/�"�� 
�8�I�F�O �T�V�ï�D�J�F�O�U �Q�3�/�" �J�T �Q�S�P�E�V�D�F�E�
 �J�U �D�B�V�T�F�T �U�I�F ���4 �3�/�" 
to detach from the promotor, permitting transcription to 
continue.

�5�S�B�O�T�G�F�S �3�/�" �	�U�3�/�"�
 �C�J�O�E�T �U�P �U�I�F �" �T�J�U�F �J�O �U�I�F �S�J�C�P-
some and delivers the appropriate amino acid during elon-
�H�B�U�J�P�O�� �)�P�X�F�W�F�S�
 �U�3�/�"�T �F�Y�J�T�U �J�O �N�B�O�Z �N�P�S�F �E�J�W�F�S�T�F �G�P�S�N�T 
than once believed. In bacteria, the initiation codon codes 
�G�P�S �B�O �/���G�P�S�N�Z�M�N�F�U�I�J�P�O�J�O�F�� �h�J�T �N�P�E�J�ë�F�E �B�N�J�O�P �B�D�J�E �J�T 
never placed inside the coding sequence of a bacterial pro-
�U�F�J�O�� �*�O �P�U�I�F�S �X�P�S�E�T�
 �U�I�F�S�F �B�S�F �U�X�P �G�P�S�N�T �P�G �U�3�/�" �U�I�B�U �B�S�F 
produced in bacteria that are cable of carrying methionine. 
�0�O�F �J�T �U�I�F �J�O�J�U�J�B�U�P�S �U�3�/�"Met and the other is the elongation 
�U�3�/�"Met�� �h�F �F�M�P�O�H�B�U�J�P�O �U�3�/�"Met binds to the A site of 
�U�I�F �S�J�C�P�T�P�N�F�
 �X�I�F�S�F�B�T �U�I�F �J�O�J�U�J�B�U�J�P�O �U�3�/�"Met is capable of 
�C�J�O�E�J�O�H �P�O�M�Z �U�P �U�I�F �1 �T�J�U�F �X�J�U�I�J�O �U�I�F �S�J�C�P�T�P�N�F�� �h�F �C�J�O�E�J�O�H 
�P�G �U�I�F �F�M�P�O�H�B�U�J�P�O���T�Q�F�D�J�ë�D �U�3�/�" �J�T �D�P�O�U�S�P�M�M�F�E �C�Z �U�S�B�O�T�D�S�J�Q-
tion elongation factor 1.

�3�J�C�P�T�P�N�B�M �3�/�"�
 �T�Q�F�D�J�ë�D�B�M�M�Z �U�I�F �����4 �S�3�/�"�
 �I�B�T �I�J�T�U�P�S�J-
cally been associated with classi�cation of organisms based 
�P�O �F�W�P�M�V�U�J�P�O�B�S�Z �S�F�M�B�U�F�E�O�F�T�T�� �h�F �����4 �S�3�/�" �J�T �Q�S�F�T�F�O�U �J�O 
all organisms and is responsible for catalyzing the peptidyl 
transferase reaction during protein synthesis. A very small 
portion of the molecule is capable of undergoing genetic 
changes without deleterious e�ects to the transcription pro-
cess, providing a means to monitor the evolutionary devel-
opment of bacterial species.

�*�O �B�E�E�J�U�J�P�O �U�P �U�I�F �E�J�ê�F�S�F�O�D�F�T �J�O �U�3�/�" �T�Q�F�D�J�ë�D�J�U�Z�
 �C�B�D�U�F-
ria have developed numerous mechanisms to regulate gene 
transcription and respond to the environment, including 
transcriptional and posttranscriptional regulation. Many 
�T�F�O�T�P�S�Z �B�O�E �S�F�H�V�M�B�U�P�S�Z �3�/�" �N�P�M�F�D�V�M�F�T �I�B�W�F �O�P�X �C�F�F�O �J�E�F�O-
�U�J�ë�F�E �U�I�B�U �T�F�S�W�F �B�T �3�/�" �U�I�F�S�N�P�T�F�O�T�P�S�T �B�O�E �S�J�C�P�T�X�J�U�D�I�F�T�� 
�ese molecules may undergo structural alterations during 
�U�F�N�Q�F�S�B�U�V�S�F �D�I�B�O�H�F�T �P�S �T�F�S�W�F �B�T �B�O�U�J�T�F�O�T�F �3�/�"�T �B�O�E �T�3�/�"�T 
that bind to either nucleic acid–binding proteins modulat-
�J�O�H �U�I�F�J�S �B�D�U�J�W�J�U�Z �P�S �E�J�S�F�D�U�M�Z �U�P �N�3�/�" �T�F�R�V�F�O�D�F�T �U�P �T�V�Q�Q�S�F�T�T 
and alter gene expression. �is reversible regulation is clearly 
evident in the expression of virulence genes in many known 
pathogens including E. coli, Shigella spp., and Yersinia spp. 
�h�F �H�M�P�C�B�M �D�I�B�O�H�F�T �P�G �3�/�" �F�Y�Q�S�F�T�T�J�P�O �X�J�U�I�J�O �U�I�F �U�S�B�O�T�D�S�J�Q-
tome of a pathogenic bacteria allows the organism to rapidly 
adjust to changes in the environment associated with tem-
perature, ionic conditions, oxygen conditions, pH, calcium, 
iron, and other metals to maintain growth and survival.�

Translation
�e next phase in gene expression, translation, involves 
protein synthesis. �rough this process the genetic code 
�J�O �N�3�/�" �N�P�M�F�D�V�M�F�T �J�T �U�S�B�O�T�M�B�U�F�E �J�O�U�P �T�Q�F�D�J�ë�D �B�N�J�O�P �B�D�J�E 
sequences that are responsible for protein structure and 
function (Fig. 2.5).

�e process of protein translation requires the use of 
a genetic alphabet or code. �e code consists of triplets 
of nucleotide bases, referred to as codons; each codon 
�F�O�D�P�E�F�T �G�P�S �B �T�Q�F�D�J�ë�D �B�N�J�O�P �B�D�J�E�� �#�F�D�B�V�T�F �U�I�F�S�F �B�S�F ���� 
di�erent codons for 20 amino acids, an amino acid can be 
encoded by more than one codon (Table 2.1). Each codon 
is speci�c for a single amino acid. �e codon sequences in 
�N�3�/�" �E�J�S�F�D�U �X�I�J�D�I �B�N�J�O�P �B�D�J�E�T �B�S�F �B�E�E�F�E �B�O�E �J�O �X�I�B�U 
order. Translation ensures that proteins with proper struc-
ture and function are produced. Errors in the process can 
result in aberrant proteins that are nonfunctional, empha-
sizing the need for translation to be well controlled and 
accurate.

To accomplish the task of translation, intricate interac-
�U�J�P�O�T �C�F�U�X�F�F�O �N�3�/�"�
 �U�3�/�"�
 �B�O�E �S�3�/�" �B�S�F �S�F�R�V�J�S�F�E�� �4�J�Y�U�Z 
�E�J�ê�F�S�F�O�U �T�U�B�O�E�B�S�E �U�Z�Q�F�T �P�G �U�3�/�" �N�P�M�F�D�V�M�F�T �B�S�F �S�F�T�Q�P�O�T�J�C�M�F 
for transferring di�erent amino acids from intracellular 
locations to the site of protein synthesis. �ese molecules, 
which have a structure that resembles an inverted t, con-
tain one anticodon (sequence recognition site) for binding 
�U�P �T�Q�F�D�J�ë�D �D�P�E�P�O�T �	�����C�B�T�F �T�F�R�V�F�O�D�F�T�
 �P�O �U�I�F �N�3�/�" �N�P�M-
ecule (�'�J�H�� ������). A second site binds speci�c amino acids, 
the building blocks of proteins. Each amino acid is joined 
�U�P �B �T�Q�F�D�J�ë�D �U�3�/�" �N�P�M�F�D�V�M�F �U�I�S�P�V�H�I �U�I�F �F�O�[�Z�N�B�U�J�D �B�D�U�J�W�J�U�Z 
�P�G �B�N�J�O�P�B�D�Z�M���U�3�/�" �T�Z�O�U�I�F�U�B�T�F�T�� �5�S�B�O�T�G�F�S �3�/�" �N�P�M�F�D�V�M�F�T 
�V�T�F �U�I�F �D�P�E�P�O�T �P�G �U�I�F �N�3�/�" �N�P�M�F�D�V�M�F �B�T �U�I�F �U�F�N�Q�M�B�U�F �G�P�S 
precisely delivering a speci�c amino acid for polymeriza-
tion. �is process occurs in ribosomes, which are compact 
�O�V�D�M�F�P�Q�S�P�U�F�J�O�T�
 �D�P�N�Q�P�T�F�E �P�G �S�3�/�" �B�O�E �Q�S�P�U�F�J�O�T�� �h�F�Z 
are central to translation, assisting with the coupling of 
all required components and controlling the translational 
process.
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Translation, diagrammatically shown in �'�J�H�� ������, involves 
three steps: initiation, elongation, and termination. After 
termination, bacterial proteins often undergo posttransla-
tional modi�cations as a �nal step in protein synthesis.

Initiation begins with the association of ribosomal sub-
�V�O�J�U�T�
 �N�3�/�"�
 �G�P�S�N�Z�M�N�F�U�I�J�P�O�J�O�F �	�G���N�F�U�
 �U�3�/�" �	�D�B�S�S�Z�J�O�H 
the initial amino acid of the protein to be synthesized), 
and various initiation factors (�'�J�H�� �������"). Assembly of the 
complex begins at a speci�c 3- to 9-base sequence (Shine-
�%�B�M�H�B�S�O�P �T�F�R�V�F�O�D�F�
 �P�O �U�I�F �N�3�/�" �B�Q�Q�S�P�Y�J�N�B�U�F�M�Z ���� �C�Q 
�V�Q�T�U�S�F�B�N �P�G �U�I�F �"�6�( �T�U�B�S�U �D�P�E�P�O�� �"�G�U�F�S �U�I�F �J�O�J�U�J�B�M �D�P�N�Q�M�F�Y 
has been formed, addition of individual amino acids begins.

�&�M�P�O�H�B�U�J�P�O �J�O�W�P�M�W�F�T �U�3�/�"�T �B�O�E �B �I�P�T�U �P�G �F�M�P�O�H�B�U�J�P�O �G�B�D-
tors that mediate the addition of amino acids in a speci�c 
�T�F�R�V�F�O�D�F �E�J�D�U�B�U�F�E �C�Z �U�I�F �D�P�E�P�O �P�O �U�I�F �N�3�/�" �N�P�M�F�D�V�M�F 
(�'�J�H�� �������# �B�O�E �$ and Table 2.1�
�� �"�T �U�I�F �N�3�/�" �N�P�M�F�D�V�M�F 
threads through the ribosome in a 5� to 3� direction, peptide 
bonds are formed between adjacent amino acids, still bound 
�C�Z �U�I�F�J�S �S�F�T�Q�F�D�U�J�W�F �U�3�/�" �N�P�M�F�D�V�M�F�T �J�O �U�I�F �Q�F�Q�U�J�E�F �	�1�
 �B�O�E 
acceptor (A) sites of the ribosome. During the process, the 
�G�P�S�N�J�O�H �Q�F�Q�U�J�E�F �J�T �N�P�W�F�E �U�P �U�I�F �1 �T�J�U�F�
 �B�O�E �U�I�F ��� �U�3�/�" �J�T 
released from the exit (E) site. �is movement vacates the A 

site, which contains the codon speci�c for the next amino 
�B�D�J�E�
 �T�P �U�I�B�U �U�I�F �J�O�D�P�N�J�O�H �U�3�/�"�o�B�N�J�O�P �B�D�J�E �D�B�O �K�P�J�O �U�I�F 
complex (�'�J�H�� �������$).

�#�F�D�B�V�T�F �N�V�M�U�J�Q�M�F �Q�S�P�U�F�J�O�T �F�O�D�P�E�F�E �P�O �B�O �N�3�/�" �T�U�S�B�O�E 
can be translated at the same time, multiple ribosomes 
�N�B�Z �C�F �T�J�N�V�M�U�B�O�F�P�V�T�M�Z �B�T�T�P�D�J�B�U�F�E �X�J�U�I �P�O�F �N�3�/�" �N�P�M-
ecule. Such an arrangement is referred to as a polysome; its 
appearance resembles a string of pearls.

Termination, the �nal step in translation, occurs when the 
ribosomal A site encounters a stop or non sense codon that 
does not specify an amino acid (i.e., a “stop signal”; Table 
2.1). At this point, the protein synthesis complex disassoci-
ates and the ribosomes are available for another round of 
translation. After termination, most proteins must undergo 
modi�cation, such as folding or enzymatic trimming, so 
that protein function, transportation, or incorporation into 
various cellular structures can be accomplished. �is process 
is referred to as posttranslational modi�cation.�

Regulation and Control of Gene Expression
�e vital role that gene expression and protein synthesis 
play in the survival of cells dictates that bacteria judiciously 

  � The Genetic Code as Expressed by Triplet-Base Sequences of Messenger Ribonucleic Acida

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)b Methionine

UUA Leucine CUA Leucine GUA Valine AUA Isoleucine

UCU Serine CCU 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 
signal)

CGA Arginine GGA Glycine AGA Arginine

UAU Tyrosine CAU Histidine GAU Aspartic AAU Asparagine

UAC Tyrosine CAC Histidine GAC Aspartic AAC Asparagine

UAG None (stop 
signal)

CAG Glutamine GAG Glutamic AAG Lysine

UAA None (stop 
signal)

CAA Glutamine GAA Glutamic AAA Lysine

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.
Modi�ed from Brock TD, Madigan M, Martinko J, et�al., eds. Biology of Microorganisms. Upper Saddle River, NJ: Prentice Hall; 2009.

TABLE 
2.1 
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control these processes. �e cell must regulate gene expres-
sion and control the activities of gene products so that a 
�Q�I�Z�T�J�P�M�P�H�J�D �C�B�M�B�O�D�F �J�T �N�B�J�O�U�B�J�O�F�E�� �3�F�H�V�M�B�U�J�P�O �B�O�E �D�P�O�U�S�P�M 
are also key factors. �ese are highly complex mechanisms 
by which single-cell organisms are able to respond and 
adapt to environmental challenges, regardless of whether 

the challenges occur naturally or result from medical inter-
vention (e.g., antibiotics).

�3�F�H�V�M�B�U�J�P�O �P�D�D�V�S�T �B�U �P�O�F �P�G �U�I�S�F�F �M�F�W�F�M�T �P�G �J�O�G�P�S�N�B�U�J�P�O 
transfer from the gene expression and protein synthesis path-
way: transcriptional, translational, or posttranslational. 
�e most common is transcriptional regulation. Because 
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direct interactions with genes and their ability to be tran-
�T�D�S�J�C�F�E �U�P �N�3�/�" �B�S�F �J�O�W�P�M�W�F�E�
 �U�S�B�O�T�D�S�J�Q�U�J�P�O�B�M �S�F�H�V�M�B�U�J�P�O 
is also referred to as genetic control. Genes that encode 
enzymes involved in anabolic processes (biosynthesis) and 
genes that encode enzymes for catabolic processes (biodeg-
radation) are examples of genetic control.

In general, genes that encode anabolic enzymes for the 
synthesis of particular products are repressed (i.e., are not 
transcribed and therefore are not expressed) in the presence 
of the gene end product. �is strategy prevents waste and 
overproduction of products that are already present in suf-
�cient supply. In this system, the product acts as a core-
pressor that forms a complex with a repressor molecule. 
In the absence of corepressor product (i.e., gene product), 
transcription occurs (Fig. 2.7A). When present in su�cient 
quantity, the product forms a complex with the repressor. 
�e complex then binds to a speci�c base region of the gene 
sequence known as the operator region (Fig. 2.7B). �is 
�C�J�O�E�J�O�H �C�M�P�D�L�T �3�/�" �Q�P�M�Z�N�F�S�B�T�F �Q�S�P�H�S�F�T�T�J�P�O �G�S�P�N �U�I�F �Q�S�P-
moter sequence and inhibits transcription. As the supply 
of product (corepressor) dwindles, an insu�cient amount 
remains to form a complex with the repressor. �e operator 
region is no longer bound to the repressor molecule. Tran-
scription of the genes for the anabolic enzymes commences 
and continues until a su�cient supply of end product is 
again available.

In contrast to repression, genes that encode catabolic 
enzymes are usually induced; that is, transcription occurs 
when the substrate to be degraded by enzymatic action is 
�Q�S�F�T�F�O�U�� �1�S�P�E�V�D�U�J�P�O �P�G �E�F�H�S�B�E�B�U�J�W�F �F�O�[�Z�N�F�T �J�O �U�I�F �B�C�T�F�O�D�F 
of substrates would be a waste of cellular energy and 
resources. When the substrate is absent in an inducible sys-
�U�F�N�
 �B �S�F�Q�S�F�T�T�P�S �C�J�O�E�T �U�P �U�I�F �P�Q�F�S�B�U�P�S �T�F�R�V�F�O�D�F �P�G �U�I�F �%�/�" 
and blocks transcription of the gene for the degradative 
enzyme (Fig. 2.7C). In the presence of an inducer, which 
often is the target substrate for degradation, a complex is 
formed between the inducer and the repressor that results 
in the release of the repressor from the operator site, allow-
ing transcription of the genes encoding the speci�c catabolic 
enzyme (Fig. 2.7D).

Certain genes are not regulated; that is, they are not 
under the control of inducers or repressors. �ese genes 
are referred to as constitutive. Because they usually encode 
for products that are essential for viability under almost all 
growth and environmental conditions, these genes are con-
tinuously expressed. In addition, not all regulation occurs at 
the genetic level (i.e., transcriptional regulation). For exam-
ple, the production of some enzymes may be controlled at 
the protein synthesis (i.e., translational) level. �e activities 
of other enzymes that have already been synthesized may be 
regulated at a posttranslational level; that is, certain catabolic 
or anabolic metabolites may directly interact with enzymes 
either to increase or to decrease their enzymatic activity.

Among di�erent bacteria and even di�erent genes in the 
same bacterium, the mechanisms by which inducers and 
corepressors are involved in gene regulation vary widely. 
Furthermore, bacterial cells have mechanisms to detect 

environmental changes. �ese changes can generate signals 
that interact with the gene expression mechanism, ensur-
ing that appropriate products are made in response to the 
environmental change. In addition, several complex interac-
tions between di�erent regulatory systems are found within 
a single cell. Such diversity and interdependence are neces-
sary components of metabolism that allow an organism to 
respond to environmental changes in a rapid, well-coordi-
nated, and appropriate way.�

Genetic Exchange and Diversity

In eukaryotic organisms, genetic diversity is achieved 
by sexual reproduction, which allows for the mixing of 
genomes through genetic exchange. Bacteria multiply by 
simple binary cell division in which two identical daughter 
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cells result by division of one parent cell. Each daughter cell 
receives the full genetic complement contained in the origi-
nal parent cell. �is process does not allow for the mixing 
of genes from other cells and leaves no means of achieving 
genetic diversity among bacterial progeny. Without genetic 
diversity and change, the essential ingredients for evolution 
are lost. However, microorganisms have been on earth for 
billions of years, and microbiologists have witnessed their 
ability to change as a result of exposure to chemicals (i.e., 
antibiotics) and environmental conditions (i.e., temperature 
or oxygenation). It is evident that these organisms are fully 
capable of evolving and altering their genetic composition.

Genetic alterations and diversity in bacteria are accomplished 
by three basic mechanisms: mutation, genetic recombina-
tion, and genetic exchange, with or without recombination. 
�roughout diagnostic microbiology and infectious diseases, 
there are numerous examples of the e�ect these genetic altera-
tion and exchange mechanisms have on clinically relevant bac-
teria and the management of the infections they cause.

Mutation
Mutation is de�ned as an alteration in the original nucleo-
tide sequence of a gene or genes within an organism’s genome 
(i.e., a change in the organism’s genotype). �is alteration may 
�J�O�W�P�M�W�F �B �T�J�O�H�M�F �%�/�" �C�B�T�F �J�O �B �H�F�O�F�
 �B�O �F�O�U�J�S�F �H�F�O�F�
 �P�S �T�F�W�F�S�B�M 
genes. Mutational changes in the sequence may arise sponta-
�O�F�P�V�T�M�Z�
 �Q�F�S�I�B�Q�T �C�Z �B�O �F�S�S�P�S �N�B�E�F �E�V�S�J�O�H �%�/�" �S�F�Q�M�J�D�B�U�J�P�O�� 
Alternatively, mutations may be induced by mutagens (i.e., 
chemical or physical factors) in the environment or by bio-
�M�P�H�J�D �G�B�D�U�P�S�T�
 �T�V�D�I �B�T �U�I�F �J�O�U�S�P�E�V�D�U�J�P�O �P�G �G�P�S�F�J�H�O �%�/�" �J�O�U�P 
�U�I�F �D�F�M�M�� �"�M�U�F�S�B�U�J�P�O�T �J�O �U�I�F �%�/�" �C�B�T�F �T�F�R�V�F�O�D�F �D�B�O �S�F�T�V�M�U �J�O 
�D�I�B�O�H�F�T �J�O �U�I�F �C�B�T�F �T�F�R�V�F�O�D�F �P�G �N�3�/�" �E�V�S�J�O�H �U�S�B�O�T�D�S�J�Q�U�J�P�O�� 
�is, in turn, can a�ect the types and sequences of amino acids 
that will be incorporated into the protein during translation.

Depending on the site and extent of the mutation, various 
outcomes may a�ect the physiologic functions of the organism. 
For example, a mutation may be so devastating that it is lethal 
to the organism; therefore the mutation “dies” along with the 
organism. In another instance, the mutation may be silent so 
that no changes are detected in the organism’s phenotype (i.e., 
observable properties). Alternatively, the mutation may result 
in a noticeable alteration in the organism’s phenotype, and the 
change may provide the organism with a survival advantage. 
�is outcome, in Darwinian terms, is the basis for prolonged 
�T�V�S�W�J�W�B�M �B�O�E �F�W�P�M�V�U�J�P�O�� �/�P�O�M�F�U�I�B�M �N�V�U�B�U�J�P�O�T �B�S�F �D�P�O�T�J�E�F�S�F�E �T�U�B-
ble if they are passed on from one generation to another as an 
integral part of the cell’s genotype (i.e., genetic composition). In 
addition, genes that have undergone stable mutations may also 
be transferred to other bacteria by one of the mechanisms of 
genetic exchange. In other instances, the mutation may be lost 
as a result of cellular repair mechanisms capable of restoring the 
original genotype and phenotype, or it may be lost spontane-
�P�V�T�M�Z �E�V�S�J�O�H �T�V�C�T�F�R�V�F�O�U �D�Z�D�M�F�T �P�G �%�/�" �S�F�Q�M�J�D�B�U�J�P�O���

Genetic Recombination
Besides mutations, bacterial genotypes can be altered 
through recombination. In this process, a segment of 

�%�/�" �P�S�J�H�J�O�B�U�J�O�H �G�S�P�N �P�O�F �C�B�D�U�F�S�J�B�M �D�F�M�M �	�J���F���
 �U�I�F �E�P�O�P�S�
 
enters a second bacterial cell (i.e., the recipient) and is 
�F�Y�D�I�B�O�H�F�E �X�J�U�I �B �%�/�" �T�F�H�N�F�O�U �P�G �U�I�F �S�F�D�J�Q�J�F�O�U���T �H�F�O�P�N�F�� 
�is is also referred to as homologous recombination, 
�C�F�D�B�V�T�F �U�I�F �Q�J�F�D�F�T �P�G �%�/�" �U�I�B�U �B�S�F �F�Y�D�I�B�O�H�F�E �V�T�V�B�M�M�Z 
have extensive homology or similarities in their nucleotide 
�T�F�R�V�F�O�D�F�T�� �3�F�D�P�N�C�J�O�B�U�J�P�O �J�O�W�P�M�W�F�T �B �O�V�N�C�F�S �P�G �C�J�O�E�J�O�H 
�Q�S�P�U�F�J�O�T�
 �X�J�U�I �U�I�F �C�B�D�U�F�S�J�B�M �S�F�D�P�N�C�J�O�B�T�F �Q�S�P�U�F�J�O �	�3�F�D�"�
 
playing a central role (Fig. 2.8A�
�� �3�F�D�" �J�T �D�B�Q�B�C�M�F �P�G �C�J�O�E-
�J�O�H �T�J�O�H�M�F���T�U�S�B�O�E�F�E �%�/�" �	�T�T�%�/�"�
 �U�P �U�I�F �D�P�N�Q�M�F�N�F�O-
�U�B�S�Z �E�T�%�/�"�
 �Q�S�P�W�J�E�J�O�H �B �N�F�D�I�B�O�J�T�N �G�P�S �%�/�" �S�F�Q�B�J�S �B�O�E 
recombination to occur. After recombination, the recipi-
�F�O�U �%�/�" �D�P�O�T�J�T�U�T �P�G �P�O�F �P�S�J�H�J�O�B�M�
 �V�O�D�I�B�O�H�F�E �T�U�S�B�O�E �B�O�E 
�B �T�F�D�P�O�E �T�U�S�B�O�E �G�S�P�N �U�I�F �E�P�O�P�S �%�/�" �G�S�B�H�N�F�O�U �U�I�B�U �I�B�T 
been recombined.

�3�F�D�P�N�C�J�O�B�U�J�P�O �J�T �B �N�P�M�F�D�V�M�B�S �F�W�F�O�U �U�I�B�U �P�D�D�V�S�T �G�S�F-
quently in many varieties of bacteria, including most of the 
clinically relevant species, and it may involve any portion of 
the organism’s genome. However, the recombination event 
�N�B�Z �H�P �V�O�O�P�U�J�D�F�E �V�O�M�F�T�T �U�I�F �F�Y�D�I�B�O�H�F �P�G �%�/�" �S�F�T�V�M�U�T �J�O �B 
�E�J�T�U�J�O�D�U �B�M�U�F�S�B�U�J�P�O �J�O �U�I�F �Q�I�F�O�P�U�Z�Q�F�� �/�P�O�F�U�I�F�M�F�T�T�
 �S�F�D�P�N-
bination is a major means by which bacteria may achieve 
genetic diversity.�

Genetic Exchange
An organism’s ability to undergo recombination depends on 
�U�I�F �B�D�R�V�J�T�J�U�J�P�O �P�G �i�G�P�S�F�J�H�O�w �%�/�" �G�S�P�N �B �E�P�O�P�S �D�F�M�M�� �h�F 
three mechanisms by which bacteria physically exchange 
�%�/�" �B�S�F transformation, transduction, and conjugation.

Transformation
Transformation involves recipient cell uptake of naked (free) 
�%�/�" �S�F�M�F�B�T�F�E �J�O�U�P �U�I�F �F�O�W�J�S�P�O�N�F�O�U �X�I�F�O �B�O�P�U�I�F�S �C�B�D�U�F�S�J�B�M 
cell (i.e., the donor) dies and undergoes lysis (Fig. 2.8B). 
�h�J�T �H�F�O�P�N�J�D �%�/�" �F�Y�J�T�U�T �B�T �G�S�B�H�N�F�O�U�T �J�O �U�I�F �F�O�W�J�S�P�O�N�F�O�U�� 
�$�F�S�U�B�J�O �C�B�D�U�F�S�J�B �B�S�F �B�C�M�F �U�P �U�B�L�F �V�Q �O�B�L�F�E �%�/�" �G�S�P�N �U�I�F�J�S 
surroundings; that is, they are able to undergo transforma-
tion. Such bacteria are said to be competent. Among the 
bacteria that cause human infections, competence is a char-
acteristic commonly associated with members of the genera 
Haemophilus, Streptococcus, and Neisseria.

�0�O�D�F �U�I�F �E�P�O�P�S �%�/�"�
 �V�T�V�B�M�M�Z �B�T �B �T�J�O�H�M�F �T�U�S�B�O�E�
 �H�B�J�O�T 
access to the interior of the recipient cell, recombination 
�X�J�U�I �U�I�F �S�F�D�J�Q�J�F�O�U���T �I�P�N�P�M�P�H�P�V�T �%�/�" �D�B�O �P�D�D�V�S�� �h�F 
�N�J�Y�J�O�H �P�G �%�/�" �C�F�U�X�F�F�O �C�B�D�U�F�S�J�B �W�J�B �U�S�B�O�T�G�P�S�N�B�U�J�P�O �B�O�E 
recombination plays a major role in the development of 
antibiotic resistance and in the dissemination of genes that 
encode factors essential to an organism’s ability to cause 
disease. In addition, genetic exchange by transformation is 
not limited to organisms of the same species, thus allow-
ing important characteristics to be disseminated to a greater 
variety of medically important bacteria.�

Transduction
�5�S�B�O�T�E�V�D�U�J�P�O �J�T �B �T�F�D�P�O�E �N�F�D�I�B�O�J�T�N �C�Z �X�I�J�D�I �%�/�" �G�S�P�N 
two bacteria may come together in one cell, thus allowing 
for recombination (Fig. 2.8C). �is process is mediated 
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through viruses capable of infecting bacteria (i.e., bacterio-
phages). In their “life cycle,” these viruses integrate their 
�%�/�" �J�O�U�P �U�I�F �C�B�D�U�F�S�J�B�M �D�F�M�M���T �D�I�S�P�N�P�T�P�N�F�
 �X�I�F�S�F �W�J�S�B�M �%�/�" 
replication and expression occur. When the production of 
�W�J�S�B�M �Q�S�P�E�V�D�U�T �J�T �D�P�N�Q�M�F�U�F�
 �W�J�S�B�M �%�/�" �J�T �F�Y�D�J�T�F�E �	�D�V�U�
 �G�S�P�N 
the bacterial chromosome and packaged within a protein 
coat. �e excision process is not always accurate, resulting in 
the removal of genetic material that contains both the bacte-
�S�J�B�M �B�O�E �W�J�S�B�M �%�/�"�� �h�F �O�F�X�M�Z �G�P�S�N�F�E �S�F�D�P�N�C�J�O�B�O�U �W�J�S�J�P�O 
(virus particle), along with the additional multiple virions, 
is released when the infected bacterial cell lyses.

�h�F �C�B�D�U�F�S�J�B�M �%�/�" �N�B�Z �C�F �S�B�O�E�P�N�M�Z �J�O�D�P�S�Q�P�S�B�U�F�E 
�X�J�U�I �W�J�S�B�M �%�/�" �	generalized transduction), or it may be 

�J�O�D�P�S�Q�P�S�B�U�F�E �B�M�P�O�H �X�J�U�I �T�Q�F�D�J�ë�D �B�E�K�B�D�F�O�U �W�J�S�B�M �%�/�" �	spe-
cialized transduction). In generalized transduction, the 
�W�J�S�B�M �%�/�" �J�T �J�O�T�F�S�U�F�E �S�B�O�E�P�N�M�Z �J�O�U�P �B�O�Z �B�S�F�B �P�G �U�I�F �C�B�D-
terial genome. However, in specialized transduction, the 
virus inserts into particular genes in an organism based on 
sequence speci�city and resulting in a higher frequency of 
genetic material in those regions being transferred through 
recombination. In either case, when the virus infects another 
�C�B�D�U�F�S�J�B�M �D�F�M�M�
 �J�U �S�F�M�F�B�T�F�T �J�U�T �%�/�"�
 �X�I�J�D�I �J�O�D�M�V�E�F�T �U�I�F �Q�S�F-
�W�J�P�V�T�M�Z �J�O�D�P�S�Q�P�S�B�U�F�E �C�B�D�U�F�S�J�B�M �E�P�O�P�S �%�/�"�� �h�F �O�F�X�M�Z 
�J�O�G�F�D�U�F�E �D�F�M�M �J�T �U�I�F�O �U�I�F �S�F�D�J�Q�J�F�O�U �P�G �E�P�O�P�S �%�/�" �J�O�U�S�P�E�V�D�F�E 
�C�Z �U�I�F �C�B�D�U�F�S�J�P�Q�I�B�H�F�
 �B�O�E �S�F�D�P�N�C�J�O�B�U�J�P�O �C�F�U�X�F�F�O �%�/�" 
from two di�erent cells occurs.�
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�t Fig. �.�   (A) Genetic recombination. The mechanisms of genetic exchange between bacteria are trans-
formation (B), transduction (C), and conjugational transfer of chromosomal (D) and plasmid (E) deoxyribo-
nucleic acid (DNA).
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Conjugation
�h�F �U�I�J�S�E �N�F�D�I�B�O�J�T�N �P�G �%�/�" �F�Y�D�I�B�O�H�F �C�F�U�X�F�F�O �C�B�D�U�F-
rial cells is conjugation. �is process involves cell-to-cell 
contact and requires mobilization of the donor bacterium’s 
chromosome or other mobile genetic element. �e nature of 
intercellular contact is not well characterized in all bacterial 
species capable of conjugation. However, in E. coli, contact 
is mediated by a sex pilus (Fig. 2.9). �e sex pilus originates 
from the donor and establishes a conjugative bridge that 
�T�F�S�W�F�T �B�T �U�I�F �D�P�O�E�V�J�U �G�P�S �%�/�" �U�S�B�O�T�G�F�S �G�S�P�N �E�P�O�P�S �U�P �S�F�D�J�Q�J-
ent cell. With intercellular contact established, mobilization 
�P�G �U�I�F �H�F�O�F�U�J�D �F�M�F�N�F�O�U �J�T �V�O�E�F�S�U�B�L�F�O �B�O�E �J�O�W�P�M�W�F�T �%�/�" 
�T�Z�O�U�I�F�T�J�T�� �0�O�F �O�F�X �%�/�" �T�U�S�B�O�E �J�T �Q�S�P�E�V�D�F�E �C�Z �U�I�F �E�P�O�P�S 
and is passed to the recipient (Fig. 2.8D). �e amount of 
�%�/�" �U�S�B�O�T�G�F�S�S�F�E �E�F�Q�F�O�E�T �P�O �I�P�X �M�P�O�H �U�I�F �D�F�M�M�T �B�S�F �B�C�M�F �U�P 
maintain contact, but usually only portions of the donor 
molecule are transferred. In any case the newly introduced 
�%�/�" �J�T �U�I�F�O �B�W�B�J�M�B�C�M�F �U�P �S�F�D�P�N�C�J�O�F �X�J�U�I �U�I�F �S�F�D�J�Q�J�F�O�U���T 
genome.

�*�O �B�E�E�J�U�J�P�O �U�P �D�I�S�P�N�P�T�P�N�B�M �%�/�"�
 �H�F�O�F�T �F�O�D�P�E�F�E �J�O 
extrachromosomal genetic elements, such as plasmids and 
transposons, may be transferred by conjugation (Fig. 2.8E). 
�/�P�U �B�M�M �Q�M�B�T�N�J�E�T �B�S�F �D�B�Q�B�C�M�F �P�G �D�P�O�K�V�H�B�U�J�W�F �U�S�B�O�T�G�F�S�
 �C�V�U �G�P�S 
those that are, the donor plasmid usually is replicated so 
that the donor retains a copy of the plasmid transferred to 
the recipient. (See the discussion of the F plasmid in the 
�T�F�D�U�J�P�O �$�F�M�M�V�M�B�S �"�Q�Q�F�O�E�B�H�F�T�
 �M�B�U�F�S �J�O �U�I�F �D�I�B�Q�U�F�S���
 �1�M�B�T�N�J�E 
�%�/�" �N�B�Z �B�M�T�P �C�F�D�P�N�F �J�O�D�P�S�Q�P�S�B�U�F�E �J�O�U�P �U�I�F �I�P�T�U �D�F�M�M���T 
chromosome.

In contrast to plasmids, most transposons do not exist 
independently in the cell. Except when they are moving 
from one location to another, many transposons must be 
incorporated into the chromosome, plasmids, or both. 
�ese elements are often referred to as “jumping genes” 
because of their ability to change location within and even 
between the genomes of bacterial cells. Transposition is the 
process by which these genetic elements excise from one 
genomic location and insert into another. Transposons carry 
genes that have products that help to mediate the transpo-
sition process, in addition to genes that encode for other 
accessory characteristics, such as antimicrobial resistance. 

Homologous recombination between the genes of plasmids 
�P�S �U�S�B�O�T�Q�P�T�P�O�T �B�O�E �U�I�F �I�P�T�U �C�B�D�U�F�S�J�V�N���T �D�I�S�P�N�P�T�P�N�B�M �%�/�" 
may occur.

�1�M�B�T�N�J�E�T �B�O�E �U�S�B�O�T�Q�P�T�P�O�T �Q�M�B�Z �B �L�F�Z �S�P�M�F �J�O �H�F�O�F�U�J�D �E�J�W�F�S-
sity and the dissemination of genetic information among bac-
teria. Many characteristics that signi�cantly alter the activities 
of clinically relevant bacteria are encoded and disseminated 
on these elements. Furthermore, as shown in Fig. 2.10, the 
variety of strategies that bacteria can use to mix and match 
genetic elements provides them with a tremendous capacity to 
genetically adapt to environmental changes, including those 
imposed by human medical practices. A good example of this 
is the emergence and widespread dissemination of resistance 
to antimicrobial agents among clinically important bacteria. 
Bacteria have used their capacity for disseminating genetic 
information to establish resistance to many of the commonly 
prescribed antibiotics. (See Chapter 10 for more information 
about antimicrobial resistance mechanisms.)�

Bacterial Metabolism

Fundamentally, bacterial metabolism involves all the cel-
lular processes required for the organism’s survival and 
replication. Familiarity with bacterial metabolism is essen-
tial to understand bacterial interactions with human host 
cells, the mechanisms bacteria use to cause disease, and the 
basis of diagnostic microbiology (i.e., the tests and strate-
gies used for laboratory identi�cation of infectious organ-
isms). Because metabolism is an extensive and complicated 
topic, this section focuses on processes typical of medically 
relevant bacteria.

For the sake of clarity, metabolism is discussed in terms 
of four primary, but interdependent, processes: fueling, bio-
synthesis, polymerization, and assembly (Fig. 2.11).

Fueling

Fueling is considered the utilization of metabolic pathways 
involved in the acquisition of nutrients from the environ-
ment, production of precursor metabolites, and energy 
production.

Acquisition of Nutrients
Bacteria use various strategies for obtaining essential nutri-
ents from the external environment and transporting these 
substances into the cell’s interior. For nutrients to be inter-
nalized, they must cross the bacterial cell wall and mem-
brane. �ese complex structures help to protect the cell 
from environmental insults, maintain intracellular equi-
librium, and transport substances into and out of the cell. 
Although some key nutrients (e.g., water, oxygen, and car-
bon dioxide) enter the cell by simple di�usion across the cell 
membrane, the uptake of other substances is controlled by 
membrane-selective permeability; still other substances use 
speci�c transport mechanisms.

Active transport is among the most common methods 
used for the uptake of nutrients such as certain sugars, most 

�t Fig. �.�   Photomicrograph of an Escherichia coli sex pilus between 
a donor and a recipient cell. (From Brock TD, Madigan M, Martinko J,  
et�al, eds. Biology of Microorganisms. Upper Saddle River, NJ: Prentice 
Hall; 2009.)
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amino acids, organic acids, and many inorganic ions. �e 
mechanism, driven by an energy-dependent pump, involves 
carrier molecules embedded in the membrane portion of 
the cell structure. �ese carriers combine with the nutri-
ents, transport them across the membrane, and release 
them inside the cell. Group translocation is another trans-
port mechanism that requires energy but di�ers from active 
transport in that the nutrients being transported undergo 
chemical modi�cation. Many sugars, purines, pyrimidines, 
and fatty acids are transported by this mechanism.�

Production of Precursor Metabolites
Once inside the cell, many nutrients serve as the raw mate-
rials from which precursor metabolites for subsequent bio-
synthetic processes are produced. �ese metabolites, listed 
in Fig. 2.11, are produced through two central pathways: 
�U�I�F �&�N�C�E�F�O���.�F�Z�F�S�I�P�G���1�B�S�O�B�T �	�&�.�1�
 �Q�B�U�I�X�B�Z �	�H�M�Z�D�P�M�Z�T�J�T�
 
and the tricarboxylic acid (TCA) cycle. �e two major path-
ways and their relationship to one another are shown in Fig. 
2.12; not shown are the alternative pathways (e.g., the Ent-
ner-Doudoro� and the pentose phosphate pathway) that 
play key roles in redirecting and replenishing the precur-
sors as they are used in subsequent processes. �e Entner-
Doudoro� pathway catalyzes the degradation of gluconate 
and glucose. �e gluconate is phosphorylated, dehydrated, 
and converted into pyruvate and glyceraldehyde, leading to 
ethanol production. Alternatively, the pentose phosphate 
pathway uses glucose to produce reduced nicotinamide 
�B�E�F�O�J�O�F �E�J�O�V�D�M�F�P�U�J�E�F �Q�I�P�T�Q�I�B�U�F �	�/�"�%�1�)�
�
 �Q�F�O�U�P�T�F�T�
 �B�O�E 
tetroses for biosynthetic reactions such as nucleoside and 
amino acid synthesis.

�e production e�ciency of a bacterial cell resulting 
from these precursor-producing pathways can vary substan-
tially, depending on the growth conditions and availability 
of nutrients. �is is an important consideration because 
the accurate identi�cation of medically important bacteria 
has traditionally depended on methods that measure the 
presence of products and byproducts of these metabolic 
pathways.�

Energy Production
�e third type of fueling pathway is one that produces 
the energy required for nearly all cellular processes, 
including nutrient uptake and precursor production. 
Energy production is accomplished by the breakdown 
of chemical substrates (i.e., chemical energy) through 
the degradative process of catabolism coupled with oxi-
dation-reduction reactions. In this process, the energy 
source molecule (i.e., substrate) is oxidized as it donates 
electrons to an electron-acceptor molecule, which is then 
reduced. �e transfer of electrons is mediated through car-
rier molecules, such as nicotinamide-adenine-dinucleotide 
�	�/�"�%+) and nicotinamide-adenine-dinucleotide-phosphate  
�	�/�"�%�1+). �e energy released by the oxidation-reduction 
reaction is transferred to phosphate-containing compounds, 
�X�I�F�S�F �I�J�H�I���F�O�F�S�H�Z �Q�I�P�T�Q�I�B�U�F �C�P�O�E�T �B�S�F �G�P�S�N�F�E�� �"�5�1 �J�T �U�I�F 
most common of such molecules. �e energy contained in 
this compound is eventually released by the hydrolysis of 
�"�5�1 �V�O�E�F�S �D�P�O�U�S�P�M�M�F�E �D�P�O�E�J�U�J�P�O�T�� �h�F �S�F�M�F�B�T�F �P�G �U�I�J�T �D�I�F�N�J-
cal energy, coupled with enzymatic activities, speci�cally 
catalyzes each biochemical reaction in the cell and drives 
cellular reactions.
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�t Fig. �.��   Pathways for bacterial dissemination of plasmids and transposons, together and independently.
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�t Fig. �.��   Overview of bacterial metabolism, which includes the processes of fueling, biosynthesis, polym-
erization, and assembly. CoA, Coenzyme A; DNA, deoxyribonucleic acid; RNA, ribonucleic acid. (Modi�ed 
from Niedhardt FC, Ingraham JL, Schaechter M, eds. Physiology of the Bacterial Cell: A Molecular 
Approach. Sunderland, MA: Sinauer Associates; 1990.)
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�h�F �U�X�P �H�F�O�F�S�B�M �N�F�D�I�B�O�J�T�N�T �G�P�S �"�5�1 �Q�S�P�E�V�D�U�J�P�O �J�O 
bacterial cells are substrate-level phosphorylation and 
electron transport, also referred to as oxidative phosphory-
lation. In substrate-level phosphorylation, high-energy 
phosphate bonds produced by the central pathways are 
�E�P�O�B�U�F�E �U�P �B�E�F�O�P�T�J�O�F �E�J�Q�I�P�T�Q�I�B�U�F �	�"�%�1�
 �U�P �G�P�S�N �"�5�1 
directly from the substrate as opposed to generation via the 
electron transport chain (Fig. 2.12). In addition, pyruvate, 
a primary intermediate in the central pathways, serves as 
the initial substrate for several other pathways to generate 
�"�5�1 �C�Z �T�V�C�T�U�S�B�U�F���M�F�W�F�M �Q�I�P�T�Q�I�P�S�Z�M�B�U�J�P�O�� �h�F�T�F �P�U�I�F�S �Q�B�U�I-
ways constitute fermentative metabolism, which does not 
require oxygen and produces various end products, includ-
ing alcohols, acids, carbon dioxide, and hydrogen. �e spe-
ci�c fermentative pathways and the end products produced 
vary with di�erent bacterial species. Detection of these 

products is an important basis for laboratory identi�cation 
of bacteria. (See Chapter 7 for more information on the bio-
chemical basis for bacterial identi�cation.)

Oxidative Phosphorylation
Oxidative phosphorylation involves an electron transport 
system that conducts a series of electron transfers from 
�S�F�E�V�D�F�E �D�B�S�S�J�F�S �N�P�M�F�D�V�M�F�T �T�V�D�I �B�T �/�"�%�) 2�
 �/�"�%�1�)2, and 
FADH2 (�avin adenine dinucleotide), produced in the cen-
tral pathways (Fig. 2.12), to a terminal electron acceptor. 
�e energy produced by the series of oxidation-reduction 
�S�F�B�D�U�J�P�O�T �J�T �V�T�F�E �U�P �H�F�O�F�S�B�U�F �"�5�1 �G�S�P�N �"�%�1�� �8�I�F�O �P�Y�J-
dative phosphorylation uses oxygen as the terminal elec-
tron acceptor, the process is known as aerobic respiration. 
Anaerobic respiration refers to processes that use �nal elec-
tron acceptors other than oxygen.
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�t Fig. �.��   Overview of the central metabolic pathways (Embden-Meyerhof-Parnas [EMP], the tricarboxylic 
acid [TCA] cycle, and the pentose phosphate shunt). Precursor metabolites (Fig. 2.11) that are produced 
are highlighted in red; production of energy in the form of adenosine triphosphate (� P) by substrate-level 
phosphorylation is highlighted in yellow; and reduced carrier molecules for transport of electrons used in 
oxidative phosphorylation are highlighted in green. (Modi�ed from Niedhardt FC, Ingraham JL, Schaechter 
M, eds. Physiology of the Bacterial Cell: A Molecular Approach. Sunderland, MA: Sinauer Associates; 
1990.)
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A knowledge of which mechanisms bacteria use to gener-
�B�U�F �"�5�1 �J�T �J�N�Q�P�S�U�B�O�U �G�P�S �E�F�T�J�H�O�J�O�H �M�B�C�P�S�B�U�P�S�Z �Q�S�P�U�P�D�P�M�T �G�P�S 
cultivating and identifying these organisms. For example, 
some bacteria depend solely on aerobic respiration and are 
unable to grow in the absence of oxygen (strictly aerobic 
bacteria). Others can use either aerobic respiration or fer-
mentation, depending on the availability of oxygen (fac-
ultative anaerobic bacteria). For still others, oxygen is 
absolutely toxic (strictly anaerobic bacteria).�

Biosynthesis

�e fueling reactions essentially bring together all the raw 
materials needed to initiate and maintain all other cellular 
processes. �e production of precursors and energy is accom-
plished through catabolic processes and the degradation of 
substrate molecules. �e three remaining pathways for bio-
synthesis, polymerization, and assembly depend on anabolic 
metabolism. In anabolic metabolism, precursor compounds 
are joined for the creation of larger molecules (polymers) 
required for assembly of cellular structures (Fig. 2.11).

Biosynthetic processes use the precursor products in dozens of 
pathways to produce a variety of building blocks, such as amino 
acids, fatty acids, sugars, and nucleotides (Fig. 2.11). Many of 
these pathways are highly complex and interdependent, whereas 
other pathways are completely independent. In many cases the 
enzymes that drive the individual pathways are encoded on a sin-
�H�M�F �N�3�/�" �N�P�M�F�D�V�M�F �U�I�B�U �I�B�T �C�F�F�O �U�S�B�O�T�D�S�J�C�F�E �G�S�P�N �D�P�O�U�J�H�V�P�V�T 
genes in the bacterial chromosome (i.e., an operon).

As previously mentioned, bacterial genera and species 
vary extensively in their biosynthetic capabilities. Knowl-
edge of these variations is necessary to determine the optimal 
conditions for growing organisms under laboratory condi-
tions. For example, some organisms may not be capable of 
synthesizing an essential amino acid necessary as a build-
ing block for proteins. Without the ability to synthesize the 
amino acid, the bacterium must obtain the building block 
from the environment. �us, if the organism is cultivated in 
the microbiology laboratory, the amino acid must be pro-
vided in the arti�cial culture medium.�

Polymerization and Assembly

Various anabolic reactions assemble (polymerize) the build-
ing blocks into macromolecules, including lipids, lipopoly-
saccharides, polysaccharides, proteins, and nucleic acids. 
�is synthesis of macromolecules is driven by energy and 
enzymatic activity in the cell. Similarly, energy and enzy-
matic activities also drive the assembly of various macro-
molecules into the component structures of the bacterial 
cell. Cellular structures are the product of all the genetic 
and metabolic processes discussed.�

Structure and Function of the Bacterial Cell

Based on key characteristics, all cells are classi�ed into two 
basic types: prokaryotic and eukaryotic. Although these two 

cell types share many common features, they have important 
di�erences in terms of structure, metabolism, and genetics.

Eukaryotic and Prokaryotic Cells

Among clinically relevant organisms, bacteria are single-cell 
prokaryotic microorganisms. Fungi and parasites are sin-
gle-cell or multicellular eukaryotic organisms, as are plants 
and all higher animals. Viruses are dependent on host cells 
for survival and therefore are not considered cellular organ-
isms but rather infectious agents. Prions, which are abnor-
mal infectious proteins, are also not considered living cells.

A notable characteristic of eukaryotic cells, such as 
parasites and fungi, is the presence of membrane-enclosed 
organelles that have speci�c cellular functions. Examples of 
these organelles and their respective functions include:
���t����&�O�E�P�Q�M�B�T�N�J�D �S�F�U�J�D�V�M�V�N�‰�Q�S�P�D�F�T�T �B�O�E �U�S�B�O�T�Q�P�S�U �Q�S�P�U�F�J�O�T
���t����(�P�M�H�J �C�P�E�Z�‰�N�P�E�J�ë�D�B�U�J�P�O �P�G �T�V�C�T�U�B�O�D�F�T �B�O�E �U�S�B�O�T�Q�P�S�U 

throughout the cell, including internal delivery of mol-
ecules, and exocytosis or secretion of other molecules

���t����.�J�U�P�D�I�P�O�E�S�J�B�‰�H�F�O�F�S�B�U�F �F�O�F�S�H�Z �	�"�5�1�

���t����-�Z�T�P�T�P�N�F�T�‰�Q�S�P�W�J�E�F �B�O �F�O�W�J�S�P�O�N�F�O�U �G�P�S �D�P�O�U�S�P�M�M�F�E 

enzymatic degradation of intracellular substances
���t����/�V�D�M�F�V�T�‰�Q�S�P�W�J�E�F �B �N�F�N�C�S�B�O�F �F�O�D�M�P�T�V�S�F �G�P�S �D�I�S�P�N�P-

somes
In addition, eukaryotic cells have an infrastructure, or 

cytoskeleton, which provides support for cellular structure, 
organization, and movement. �e cytoskeleton in eukary-
otic cells also plays an essential role in immunology by 
mediating phagocytosis for the removal of foreign materials 
from the host, including bacteria, fungi, and viral agents.

�1�S�P�L�B�S�Z�P�U�J�D �D�F�M�M�T�
 �T�V�D�I �B�T �C�B�D�U�F�S�J�B�
 �E�P �O�P�U �D�P�O�U�B�J�O �P�S�H�B�O-
elles. All functions take place in the cytoplasm or cytoplasmic 
�N�F�N�C�S�B�O�F �P�G �U�I�F �D�F�M�M�� �1�S�P�L�B�S�Z�P�U�J�D �B�O�E �F�V�L�B�S�Z�P�U�J�D �D�F�M�M �U�Z�Q�F�T 
di�er considerably at the macromolecular level, including pro-
tein synthesis machinery, chromosomal organization, and gene 
expression. One notable structure present only in prokaryotic 
bacterial cells is a cell wall composed of peptidoglycan. �is 
structure has an immeasurable e�ect on the practice of diag-
nostic bacteriology and the management of bacterial diseases.�

Bacterial Morphology

Most clinically relevant bacterial species range in size 
from 0.25 to 1 µm in width and 1 to 3 µm in length, 
thus requiring microscopy for visualization (see Chapter 
�� for more information on microscopy). Just as bacte-
rial species and genera vary in their metabolic processes, 
their cells also vary in size, morphology, and cell-to-cell 
arrangements and in the chemical composition and struc-
ture of the cell wall. �e bacterial cell wall di�erences pro-
vide the basis for the Gram stain, a fundamental staining 
technique used in bacterial identi�cation schemes. �is 
staining procedure separates almost all medically relevant 
bacteria into two general types: gram-positive bacteria, 
which stain a deep blue or purple, and gram-negative 
�C�B�D�U�F�S�J�B�
 �X�I�J�D�I �T�U�B�J�O �B �Q�J�O�L �U�P �S�F�E �	�'�J�H�� �������
�� �h�J�T �T�J�N�Q�M�F 
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but important color distinction is the result of di�erences 
in the constituents of bacterial cell walls that in�uence the 
cell’s ability to retain di�erential dyes after treatment with 
a decolorizing agent.

Common bacterial cellular morphologies include cocci 
(circular), coccobacilli (ovoid), and bacilli (rod shaped), 
as well as fusiform (pointed end), curved, or spiral shapes. 
Cellular arrangements are also noteworthy. Cells may char-
acteristically occur singly, in pairs, or grouped as tetrads, 
�D�M�V�T�U�F�S�T�
 �P�S �J�O �D�I�B�J�O�T �	�T�F�F �'�J�H�� ������ �G�P�S �F�Y�B�N�Q�M�F�T �P�G �C�B�D�U�F-
rial staining and morphologies). �e determination of the 
Gram stain reaction and the cell size, morphology, and 
arrangement are essential aspects of bacterial identi�cation.�

Bacterial Cell Components

Bacterial cell components can be divided into those that 
make up the outer cell structure and its appendages (cell 
envelope) and those associated with the cell’s interior. It is 
important to note that the cellular structures work together 
to function as a complex and integrated unit.

Cell Envelope
As shown in Fig. 2.13, the outermost structure, the cell 
envelope, comprises:
���t����"�O �P�V�U�F�S �N�F�N�C�S�B�O�F �	�J�O �H�S�B�N���O�F�H�B�U�J�W�F �C�B�D�U�F�S�J�B �P�O�M�Z�

���t����" �D�F�M�M �X�B�M�M �D�P�N�Q�P�T�F�E �P�G �U�I�F �Q�F�Q�U�J�E�P�H�M�Z�D�B�O �N�B�D�S�P�N�P�M-

ecule (also known as the murein layer)

���t����1�F�S�J�Q�M�B�T�N �	�J�O �H�S�B�N���O�F�H�B�U�J�W�F �C�B�D�U�F�S�J�B �P�O�M�Z�

���t����h�F �D�Z�U�P�Q�M�B�T�N�J�D �P�S �D�F�M�M �N�F�N�C�S�B�O�F�
 �X�I�J�D�I �F�O�D�M�P�T�F�T �U�I�F 

cytoplasm

Outer Membrane
Outer membranes, which are found only in gram-negative 
bacteria, function as the cell’s initial barrier to the environ-
ment. �ese membranes serve as the primary permeability 
barriers to hydrophilic and hydrophobic compounds and 
contain essential enzymes and other proteins located in the 
periplasmic space. �e membrane is a bilayered structure 
composed of lipopolysaccharide, which gives the surface 
of gram-negative bacteria a net negative charge. �e outer 
membrane also plays a signi�cant role in the ability of cer-
tain bacteria to cause disease.

Scattered throughout the lipopolysaccharide mac-
romolecules are protein structures called porins. �ese 
water-�lled structures control the passage of nutrients 
and other solutes, including antibiotics, through the 
outer membrane. �e number and types of porins vary 
with bacterial species. �ese di�erences can substantially 
in�uence the extent to which various substances pass 
through the outer membranes of di�erent bacteria. In 
addition to porins, other proteins (murein lipoproteins) 
facilitate the attachment of the outer membrane to the 
next internal layer in the cell envelope, the cell wall, and 
may serve as adhesions for attachment to a host cell or as 
transporters.�

Gram-negativeGram-positive

   Pilus

Capsule
(variable)

Outer
membrane

Basal
body rings

L-ring

P-ring
S-ring
M-ring

C-ring

Murein

Cytoplasmic
membrane

Flagellum

Lipopolysaccharide

Periplasmic
space

Porin

�t Fig. �.��   General structures of the gram-positive and gram-negative bacterial cell envelopes. The outer 
membrane and periplasmic space are present only in the envelope of gram-negative bacteria. In addition 
to porins, bacterial membranes contain additional proteins involved in stabilizing the layers of the cellular 
structure, adherence, or sorting and reacting to chemical signals. The murein layer is substantially more 
prominent in gram-positive envelopes. (Modi�ed from Niedhardt FC, Ingraham JL, Schaechter M, eds. 
Physiology of the Bacterial Cell: A Molecular Approach. Sunderland, MA: Sinauer Associates; 1990.)
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Cell Wall (Murein Layer)
�e cell wall, also referred to as the peptidoglycan, or 
murein layer, is an essential structure found in nearly all 
clinically relevant bacteria. �is structure gives the bacterial 
cell shape and strength to withstand changes in environ-
mental osmotic pressures that would otherwise result in cell 
lysis. �e murein layer protects against mechanical disrup-
tion of the cell and o�ers some barrier to the passage of 
larger substances. Because this structure is essential for the 
survival of bacteria, its synthesis and structure are often the 
primary target for the development and design of several 
antimicrobial agents.

�e structure of the cell wall is unique and is composed 
of disaccharide-pentapeptide subunits. �e disaccharides 
�/���B�D�F�U�Z�M�H�M�V�D�P�T�B�N�J�O�F �B�O�E �/���B�D�F�U�Z�M�N�V�S�B�N�J�D �B�D�J�E �B�S�F �U�I�F 
alternating sugar components (moieties) with the amino 
�B�D�J�E �D�I�B�J�O �M�J�O�L�F�E �U�P �/���B�D�F�U�Z�M�N�V�S�B�N�J�D �B�D�J�E �N�P�M�F�D�V�M�F�T �	Fig. 
2.14�
�� �1�P�M�Z�N�F�S�T �P�G �U�I�F�T�F �T�V�C�V�O�J�U�T �D�S�P�T�T���M�J�O�L �U�P �P�O�F �B�O�P�U�I�F�S 
by means of peptide bridges to form peptidoglycan sheets. 
In turn, layers of these sheets are cross-linked with one 
another, forming a multilayered, cross-linked structure 
�P�G �D�P�O�T�J�E�F�S�B�C�M�F �T�U�S�F�O�H�U�I�� �3�F�G�F�S�S�F�E �U�P �B�T �U�I�F murein sac-
culus, or sack, this peptidoglycan structure surrounds the  
entire cell.

A notable di�erence between the cell walls of gram-pos-
itive and gram-negative bacteria is the substantially thicker 
peptidoglycan layer in gram-positive bacteria (Fig. 2.13). 
In addition, the cell wall of gram-positive bacteria contains 
teichoic acids (i.e., glycerol or ribitol phosphate polymers 
combined with various sugars, amino acids, and amino 
�T�V�H�B�S�T�
�� �4�P�N�F �U�F�J�D�I�P�J�D �B�D�J�E�T �B�S�F �M�J�O�L�F�E �U�P �/���B�D�F�U�Z�M�N�V-
ramic acid, and others (e.g., lipoteichoic acids) are linked 
to the next underlying layer, the cellular or cytoplasmic 
membrane. Other bacteria (e.g., Mycobacteria) have waxy 
substances within the murein layer, such as mycolic acids. 
Mycolic acids make the cells more refractory to toxic sub-
stances, including acids. Bacteria with mycolic acid in the 
cell wall require unique staining procedures and growth 
media in the diagnostic laboratory.�

Periplasmic Space
�e periplasmic space typically is found only in gram-
negative bacteria (whether it is present in gram-positive 
organisms is a subject of debate). �e periplasmic space is 
bounded by the internal surface of the outer membrane and 
the external surface of the cellular membrane. �is area, 
which contains the murein layer, consists of gel-like sub-
stances that assist in the capture of nutrients from the envi-
ronment. �is space also contains several enzymes involved 
in the degradation of macromolecules and detoxi�cation 
of environmental solutes, including antibiotics that enter 
through the outer membrane.�

Cytoplasmic (Inner) Membrane
�e cytoplasmic (inner) membrane is present in both gram-
positive and gram-negative bacteria and is the deepest layer 
of the cell envelope. �e cytoplasmic membrane is heavily 
laced with various proteins, including a number of enzymes 
vital to cellular metabolism. �e cell membrane serves as an 
additional osmotic barrier and is functionally similar to the 
membranes of several eukaryotic cellular organelles (e.g., 
mitochondria, Golgi complexes, lysosomes). �e cytoplas-
mic membrane functions include:
���t����5�S�B�O�T�Q�P�S�U �P�G �T�P�M�V�U�F�T �J�O�U�P �B�O�E �P�V�U �P�G �U�I�F �D�F�M�M
���t����)�P�V�T�J�O�H �P�G �F�O�[�Z�N�F�T �J�O�W�P�M�W�F�E �J�O �P�V�U�F�S �N�F�N�C�S�B�O�F �T�Z�O-

thesis, cell wall synthesis, and the assembly and secretion 
of extracytoplasmic and extracellular substances

���t����(�F�O�F�S�B�U�J�P�O �P�G �D�I�F�N�J�D�B�M �F�O�F�S�H�Z �	�J���F���
 �"�5�1�

���t����$�F�M�M �N�P�U�J�M�J�U�Z
���t����.�F�E�J�B�U�J�P�O �P�G �D�I�S�P�N�P�T�P�N�B�M �T�F�H�S�F�H�B�U�J�P�O �E�V�S�J�O�H �S�F�Q�M�J�D�B�U�J�P�O
���t����)�P�V�T�J�O�H �P�G �N�P�M�F�D�V�M�B�S �T�F�O�T�P�S�T �U�I�B�U �N�P�O�J�U�P�S �D�I�F�N�J�D�B�M �B�O�E 

physical changes in the environment�

Cellular Appendages
In addition to the components of the cell envelope, cel-
lular appendages (i.e., capsules, �mbriae, and �agella) are 
associated with or proximal to this portion of the cell. �e 
presence of these appendages, which can play a role in the 
mediation of infection and in laboratory identi�cation, var-
ies among bacterial species and even among strains within 
the same species.
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�e capsule is immediately exterior to the murein layer 
of gram-positive bacteria and the outer membrane of gram-
negative bacteria. �e capsule is composed of high-molec-
ular-weight polysaccharides, the production of which may 
depend on the environment and growth conditions sur-
rounding the bacterial cell. �e capsule does not function as 
an e�ective permeability barrier or add strength to the cell 
envelope, but it does protect bacteria from attack by com-
ponents of the human immune system. �e capsule also 
facilitates and maintains bacterial colonization of biologic 
(e.g., teeth) and inanimate (e.g., prosthetic heart valves) sur-
faces through the formation of “slime layers” or bio�lms. 
Both slime layers and bio�lms  imply the presence of an 
extracellular polymer matrix that varies in composition and 
structure in di�erent organisms. A bio�lm may consist of a 
monomicrobic or polymicrobic group of bacteria housed in 
a complex biochemical matrix. �is extracellular matrix sta-
bilizes the cell to protect the organism from hydrodynamic 
forces in the host and plays a protective role against biocides 
and agents of the host’s immune system. (See Chapter 3 for 
further discussion of microbial bio�lms.)

Fimbriae, or pili,  are hairlike, proteinaceous structures 
that extend from the cell membrane into the external envi-
ronment; some may be up to 2 µm long. Fimbriae may serve 
as adhesins that help bacteria attach to animal host cell sur-
faces, often as the �rst step in establishing infection. In addi-
tion, a pilus may be referred to as a sex pilus; this structure, 
which is well characterized in the gram-negative bacillus E. 
coli, �T�F�S�W�F�T �B�T �U�I�F �D�P�O�E�V�J�U �G�P�S �U�I�F �Q�B�T�T�B�H�F �P�G �%�/�" �G�S�P�N �U�I�F 
donor to the recipient during conjugation. �e sex pilus is 
present only in cells that produce a protein referred to as the 
F factor. F-positive cells initiate mating or conjugation only 
with F-negative cells, thereby limiting the conjugative pro-
cess to cells capable of transporting genetic material through 
the hollow sex pilus.

Flagella are complex structures, mostly composed of 
the protein �agellin, that are intricately embedded in the 
cell envelope. �ese structures are responsible for bacterial 
motility. Although not all bacteria are motile, motility plays 
an important role in survival and the ability of bacteria to 
cause disease. Depending on the bacterial species, a single 
�agellum may be located at one end of the cell (monotri-
chous �agella), a group of �agella may be located at one 
end of the cell (lophotrichous �agella), a single �agel-
lum may reside at both ends of the cell (amphitrichous 
�agella), or the entire cell surface may be covered with �a-
gella (peritrichous �agella). �e �agellum acts as a rotary 
motor containing a complex set of rings that act as bush-
ings to control cellular movement. Gram-negative �agella 
are equipped with a basal body structure that contains �ve 
�S�J�O�H�T�
 �U�I�F �-���S�J�O�H �U�I�B�U �J�T �F�N�C�F�E�E�F�E �J�O �U�I�F �M�J�Q�J�E �C�J�M�B�Z�F�S�
 �U�I�F 
�1���S�J�O�H �J�O �U�I�F �Q�F�S�J�Q�M�B�T�N�J�D �T�Q�B�D�F�
 �B �T�N�B�M�M�F�S �4���S�J�O�H �	�T�U�B�U�P�S 
ring) attached to the M-ring or motor ring, and the C-ring, 
which anchors the entire complex to the cell. Because gram-
positive organisms have a much more stable complex cellu-
lar structure because of the thick layer of peptidoglycan, the 
�agella contain only two basal body rings: One is embedded 

in the peptidoglycan layer, which is very stable, and the sec-
ond is embedded in the cell membrane.�

Cell Interior
�ose structures and substances that are bound internally 
by the cytoplasmic membrane compose the cell interior and 
include the cytosol, polysomes, inclusions, nucleoid, plas-
mids, and endospores.

�e cytosol, where nearly all other functions not con-
ducted by the cell membrane occur, contains thousands 
of enzymes and is the site of protein synthesis. �e cytosol 
has a granular appearance caused by the presence of many 
�Q�P�M�Z�T�P�N�F�T �	�N�3�/�" �D�P�N�Q�M�F�Y�F�E �X�J�U�I �T�F�W�F�S�B�M �S�J�C�P�T�P�N�F�T �E�V�S-
ing translation and protein synthesis) and inclusions (i.e., 
storage reserve granules). �e number and nature of the 
inclusions vary depending on the bacterial species and the 
nutritional state of the organism’s environment. Two com-
mon types of granules include glycogen, a storage form of 
glucose, and polyphosphate granules, a storage form for 
inorganic phosphates. �ese granules may be microscopi-
cally visible in bacteria stained with speci�c dyes.

�6�O�M�J�L�F �F�V�L�B�S�Z�P�U�J�D �D�I�S�P�N�P�T�P�N�F�T�
 �U�I�F �C�B�D�U�F�S�J�B�M �D�I�S�P�N�P-
some is not enclosed within a membrane-bound nucleus. 
Instead the bacterial chromosome exists as a nucleoid in 
�X�I�J�D�I �U�I�F �I�J�H�I�M�Z �D�P�J�M�F�E �%�/�" �J�T �J�O�U�F�S�N�J�Y�F�E �X�J�U�I �3�/�"�
 
polyamines, and various proteins that lend structural sup-
port. At times, depending on the stage of cell division, 
more than one chromosome may be present per bacterial 
�D�F�M�M�� �1�M�B�T�N�J�E�T �B�S�F �U�I�F �P�U�I�F�S �H�F�O�F�U�J�D �F�M�F�N�F�O�U�T �U�I�B�U �F�Y�J�T�U �J�O�E�F-
pendently in the cytosol, and their numbers may vary from 
none to several hundred per bacterial cell.

�e �nal bacterial structure to be considered is the 
endospore. �6�O�E�F�S �B�E�W�F�S�T�F �Q�I�Z�T�J�D�B�M �B�O�E �D�I�F�N�J�D�B�M �D�P�O�E�J-
tions or when nutrients are scarce, some bacterial genera 
(Bacillus and Clostridium spp.) are able to form spores 
(i.e., sporulate). Sporulation involves substantial meta-
bolic and structural changes in the bacterial cell. Essen-
tially, the cell transforms from an actively metabolic 
and growing state to a dormant state, with a decrease in 
cytosol and a concomitant increase in the thickness and 
strength of the cell envelope. �e endospore remains in 
a dormant state until favorable conditions for growth are 
again encountered. �is survival tactic is demonstrated 
by a number of clinically relevant bacteria and compli-
cates thorough sterilization of materials and food for 
human use.

 Visit the Evolve site for a complete list of procedures, 
review questions, and case studies.
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Chapter Review
	1.	� �e periplasmic space is required for:
	 a.����/�V�U�S�J�F�O�U �D�P�M�M�F�D�U�J�P�O �J�O �C�P�U�I �H�S�B�N���Q�P�T�J�U�J�W�F �B�O�E �H�S�B�N��

negative bacteria
	 b.	�Collection and enzymatic degradation of nutrients in 

gram-negative bacteria
	 c.����/�V�U�S�J�F�O�U �E�F�U�P�Y�J�ë�D�B�U�J�P�O �B�O�E �F�O�[�Z�N�B�U�J�D �E�F�H�S�B�E�B�U�J�P�O �J�O 

all bacteria
	 d.����/�P�O�F �P�G �U�I�F �B�C�P�W�F
	2.����1�S�P�L�B�S�Z�P�U�J�D �D�I�S�P�N�P�T�P�N�F�T��
	 a.����"�S�F �E�P�V�C�M�F���T�U�S�B�O�E�F�E �3�/�" �N�P�M�F�D�V�M�F�T
	 b.����"�S�F �T�J�O�H�M�F���D�P�Q�Z�
 �E�P�V�C�M�F���T�U�S�B�O�E�F�E �%�/�" �N�P�M�F�D�V�M�F�T
	 c.����"�S�F �M�J�O�F�B�S �E�P�V�C�M�F���T�U�S�B�O�E�F�E �%�/�" �N�P�M�F�D�V�M�F�T
	 d.	�Are unable to replicate independently of plasmids
	3.	� Bacterial cells genetically evolve by:
	 a.����3�F�D�P�N�C�J�O�B�U�J�P�O �X�J�U�I �Q�M�B�T�N�J�E�T�
 �U�S�B�O�T�Q�P�T�P�O�T�
 �B�O�E �P�U�I�F�S 

bacterial chromosomes
	 b.	�Mutation and recombination
	 c.����6�T�F �P�G �U�I�F �N�F�D�I�B�O�J�T�N�T �P�G �U�S�B�O�T�E�V�D�U�J�P�O�
 �U�S�B�O�T�G�P�S�N�B-

tion, and conjugation
	 d.	�All of the above
	4.	� Transcription is the:
	 a.����$�P�Q�Z�J�O�H �P�G �%�/�" �U�P �3�/�"
	 b.����$�I�B�O�H�J�O�H �P�G �%�/�" �U�P �3�/�"
	 c.����1�S�P�E�V�D�U�J�P�O �P�G �B �D�P�N�Q�M�F�N�F�O�U�B�S�Z �%�/�"
	 d.	�Completion of a protein sequence
	5.	� A eukaryotic cell:
	 a.	�Is smaller and less complex than a prokaryotic cell
	 b.	�Is able to grow only in aerobic conditions
	 c.	�Contains membrane-bound organelles
	 d.	�Is unable to grow outside of another cell
	6.	� Matching: Match each term with the correct description.

_____ capsule
_____ replication
_____ repressor
�@�@�@�@�@ �U�3�/�"
_____ �facultative 

anaerobe
_____ �gram-negative
_____ gram-positive
_____ aerobic
_____ cell envelope
_____ mobilome
_____ genome

	a.	� involved in transcriptional 
regulation

	b.	� able to grow in the presence 
or absence of oxygen

	c.	� maintains selective 
permeability and cell shape

	d.	� provides a mechanism to 
evade the human immune 
system

	e.	� the process of making a 
�O�F�X �%�/�" �N�P�M�F�D�V�M�F

	f.	� involved in protein 
translation

	g.	� mobile genetic elements
	h.	� contains a thick layer of 

peptidoglycan
	i.	� �nal electron acceptor is 

oxygen
	j.	� has an outer and inner 

membrane
	k.	� all genetic elements within 

a cell

	 7.	� Which chemical or physical property is essential for 
the conservation of genetic information?

	 a.	� Complementation between base pairs
	 b.	� Double-stranded
	 c.	� Antiparallel structure
	 d.	� All are equally important
	 8.	� Expression of a biochemical molecule in an organism 

requires:
	 a.����3�F�Q�M�J�D�B�U�J�P�O �P�O�M�Z
	 b.	� Transcription only
	 c.	� Transcription and translation of a protein
	 d.	� All of the above
	 9.	� True or False

_____ All bacteria are considered competent.
_____ Conjugation requires cell-to-cell contact.
_____ Oxidative phosphorylation occurs across the 

cell membrane in bacteria.
	10.	� Short Answer

�1�S�P�W�J�E�F �B�O �F�Y�Q�M�B�O�B�U�J�P�O �G�P�S �X�I�Z �C�B�D�U�F�S�J�B �B�S�F �D�B�Q�B�C�M�F �P�G 
rapidly responding to changes in their environment 
based on molecular and cellular structure. Bacteria 
are prokaryotes; the genetic material is not contained 
within a nucleus, allowing replication transcription 
and translation to occur simultaneously.
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microbiome associated with pregnancy and preterm birth; (2) 
gastrointestinal microbiome and the development of in�amma-
tory bowel disease; and (3) microbiome and the development 
of type 2 diabetes. Undoubtedly, this research will continue to 
evolve and potentially provide insight into the characterization, 
risk, and prevention of disease. �e relationship between host 
and microorganism is ultimately associated with the variation 
and balance of the normal human microbiome and the appear-
ance of a potentially infectious agent.

�e complex relationships between the human host and 
medically relevant microorganisms are demonstrated in the 
sequential steps associated with microbe-host interactions and 
the subsequent development of infection and disease. �e 
stages of interaction include (1) the physical encounter between 
the host and microorganism; (2) colonization or survival of the 
microorganism on an internal (gastrointestinal, respiratory, or 
genitourinary tract) or external (skin) surface of the host; (3) 
microbial entry, invasion, and dissemination to deeper tissues 
and organs of the human body; and (4) resolution or outcome.

The Encounter Between Host and 
Microorganism

The Human Host’s Perspective

Because microorganisms are ubiquitous in nature, human 
encounters are inevitable, but the means of encounter vary 
widely. Which microbial population and the mechanism of 

exposure are often direct consequences of a person’s activ-
ity or behaviors. Certain activities carry di�erent risks for an 
encounter. �ere is a wide spectrum of activities and situations 
over which a person may or may not have absolute control. 
For example, acquiring salmonellosis because one fails to cook 
the holiday turkey thoroughly is avoidable, whereas contract-
ing tuberculosis living in conditions of extreme poverty and 
overcrowding may be unavoidable. �e role that human activi-
ties play in the encounter between humans and microorgan-
isms cannot be overstated. Most of the crises associated with 
infectious disease are preventable or can be greatly reduced with 
changes in human behavior and living conditions.

Microbial Reservoirs and Transmission
Humans encounter microorganisms when they enter or 
are exposed to the same environment in which the micro-
bial agents live or when the infectious agents are brought 
to the human host by indirect means. �e environment or 
place of origin of the infecting agent is the reservoir. As  
shown in Fig. 3.1, microbial reservoirs include humans, 
animals, water, food, air, and soil. �e human host may 
acquire microbial agents by various means or modes of 
transmission. �e mode of transmission is direct when the 
host directly contacts the microbial reservoir and is indirect 
when the host encounters the microorganism by an inter-
vening agent of transmission.

�e agents of transmission that bring the microorganism 
from the reservoir to the host may be a living entity, such as 

	  �’ BOX 3.1	 	� De�nitions of Selected Epidemiologic Terms

���t�� �Carrier: A person who harbors the etiologic agent but 
shows no apparent signs or symptoms of infection or 
disease

���t�� �Common source:  A single source or reservoir from which 
an etiologic agent responsible for an epidemic or outbreak 
originates

���t�� �Community-associated infection:  Infection acquired in 
an activity or group that is not in a health care setting or 
environment.

���t�� �Disease incidence: The number of new diseases or 
infected persons in a population

���t�� �Disease prevalence: The percentage of diseased persons 
in a given population at a particular time

���t�� �Endemic: A disease constantly present at some rate of 
occurrence in a particular location

���t�� �Epidemic: A larger-than-normal number of diseased or 
infected individuals in a particular location

���t�� �Etiologic agent: A microorganism responsible for causing 
infection or infectious disease

���t�� �Health care–associated infection:  Infections acquired as a 
result of a short- or long-term admission into a health care 
facility

���t�� �Iatrogenic: Infection acquired as a result of a medical 
procedure.

���t�� �Microbiome : An individual’s microbiologic environment, 
present in or on the human host

���t�� �Mode of transmission:  The means by which etiologic 
agents are brought in contact with the human host (e.g., 
infected blood, contaminated water, insect bite)

���t�� �Morbidity:  The state of disease and its associated effects 
on the host

���t�� �Morbidity rate:  The incidence of a particular disease state
���t�� �Mortality:  Death resulting from disease
���t�� �Mortality rate:  The incidence in which a disease results in 

death
���t�� �Nosocomial infection:  Infection for which the etiologic 

agent was acquired in a hospital or long-term health care 
center or facility

���t�� �Outbreak: A larger than normal number of diseased or 
infected individuals that occurs over a relatively short 
period

���t�� �Pandemic: An epidemic that spans the world
���t�� �Reservoir: The origin of the etiologic agent or location from 

which it disseminates (e.g., water, food, insects, animals, 
other humans)

���t�� �Strain typing: Laboratory-based characterization of 
etiologic agents designed to establish their relatedness to 
one another during a particular outbreak or epidemic

���t�� �Surveillance: Any type of epidemiologic investigation that 
involves data collection for characterizing circumstances 
surrounding the incidence or prevalence of a particular 
disease or infection

���t�� �Vector: A living entity (animal, insect, or plant) that 
transmits the etiologic agent

���t�� �Vehicle: A nonliving entity that is contaminated with the 
etiologic agent and as such is the mode of transmission for 
that agent
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Human host

               

Vectors  — animals, insects, other humans
Vehicles — water, food, air, medical devices,
                   various other inanimate objects

Micr oor ganism
sour ces

(reserv oir s)

Humans
Animals
Food (from plant and
         animal sources)
Water
Air
Soil

Modes of transmission

1. Direct; transmitted by direct contact
    between reservoir and host

2. Indirect; transmitted to host via
    intervening agent(s )

Intervening agents:

�t Fig. �.�   Summary of microbial reservoirs and modes of transmission to humans.

an insect, in which case they are called vectors, or they may 
be a nonliving entity, referred to as a vehicle or fomite. In 
addition, some microorganisms may have a single mode of 
transmission, whereas others may spread by various meth-
ods. From a diagnostic microbiology perspective, knowl-
edge about an infectious agent’s mode of transmission is 
often important for determining optimal specimens for iso-
lation of the organism and for implementing precautions 
that minimize the risk of laboratory or health care–associ-
ated infections (HAIs) (see Chapters 4, 78, and 79 for more 
information regarding laboratory safety, infection control, 
and sentinel laboratory responses, respectively).�

Human and Microbe Interactions
Humans play a substantial role as microbial reservoirs. In 
fact, the passage of a neonate from the sterile environment 
of the mother’s womb through the birth canal, which is 
heavily colonized with various microbial agents, is a primary 
example of one human directly (i.e., direct transmission) 
acquiring a microorganism from another human serv-
ing as the reservoir. �is is the mechanism that newborns 
�rst encounter microbial agents. Other examples in which 
humans serve as the microbial reservoir include the acquisi-
tion of streptococcal pharyngitis through touching; hepa-
titis through blood transfusions; gonorrhea, syphilis, and 
acquired immunode�ciency syndrome (AIDS) through sex-
ual contact; and tuberculosis and the common cold through 
aerosolized droplets associated with coughing or sneezing. 
Indirect transmission can occur when microorganisms 
from one individual contaminate a vehicle of transmission, 
such as water (e.g., cholera), that is then ingested by another 
person. In the medical setting, indirect transmission of 
microorganisms from one human host to another by means 
of a medical procedure (i.e., iatrogenic) and contaminated 
medical devices helps to disseminate infections in hospi-
tals. Hospital-acquired, health care–associated, or long-
term care–associated infections are considered nosocomial 

infections. Health care–associated infections (HAIs) 
include exposure in a variety of settings and not con�ned to 
in-patient care in a health care institution. �ese exposures 
occur during �eld containment or transportation of infec-
tious agents as well as in daily contact with infected patients 
in clinics. In addition, HAIs are not limited to health care 
professionals and patients, but also include visitors, support 
sta�, and students.

In addition, humans are routinely exposed to infec-
tious agents through participation in activities and events 
throughout their daily lives. �ese activities include direct 
and indirect transmission of infectious agents in commu-
nity settings. �ese infections are considered community-
associated (CA) infections.�

Animals as Microbial Reservoirs
Infectious agents from animal reservoirs are transmissible 
directly to humans through an animal bite (e.g., rabies) or 
indirectly through the bite of insect vectors that feed on 
both animals and humans (e.g., Lyme disease and Rocky 
Mountain spotted fever). Animals may also transmit infec-
tious agents by acquiring them from or depositing them 
in water and food supplies. For example, beavers heavily 
colonized with parasites can cause infection of the human 
gastrointestinal tract. �ese parasites may be encountered 
and subsequently acquired when stream water is contami-
nated by the beaver and is used by a vacationing camper. 
Alternatively, animals used for human food carry numer-
ous bacteria (e.g., Salmonella and Campylobacter) that, if not 
destroyed through appropriate cooking during preparation, 
can cause severe gastrointestinal illness.

Many other infectious diseases can be encountered 
through direct or indirect animal contact, and informa-
tion regarding a patient’s exposure to animals is often a 
key component in the diagnosis of these infections. Some 
microorganisms primarily infect animal populations and on 
occasion accidentally encounter and infect humans. When 



29

a human infection results from such an encounter, it is a 
zoonotic infection. More speci�cally, if the human infec-
tion is a result of regular interaction with animals for food 
production, the infection is livestock-associated.�

Insects as Vectors
�e most common role of insects (arthropods) in the trans-
mission of infectious disease is as vectors rather than as res-
ervoirs. A variety of arthropods can transmit viral, parasitic, 
and bacterial disease from animals to humans, whereas oth-
ers transmit microorganisms between human hosts without 
an intermediate animal reservoir. Malaria, a deadly disease, 
is a prime example of an infectious disease maintained in 
the human population by the feeding and survival of an 
insect vector, the mosquito. Still other arthropods may 
themselves be agents of disease. �ese include organisms 
such as lice and scabies spread directly between humans 
and cause skin irritations but do not penetrate the body. 
Because they are able to survive on the skin of the host with-
out gaining access to internal tissues, they are ectoparasites  
(Chapter 46). In addition, nonfungal infections may result 
when microbial agents in the environment, such as endo-
spores, are introduced mechanically through the bite of a 
vector, scratch, or other penetrating wound.�

The Environment as a Microbial Reservoir
�e soil and natural environmental debris are reservoirs for 
countless types of microorganisms. It is not surprising that 
these also serve as reservoirs for microorganisms that can 
cause infection in humans. Many of the fungal agents (see 
Part V: Mycology) are acquired by inhalation of soil and 
dust particles containing microorganisms (e.g., San Joaquin 
Valley fever). Other, nonfungal infections (e.g., tetanus 
endospores) may result when microbial agents in the envi-
ronment are introduced into the human body by a penetrat-
ing wound.�

The Microorganism’s Perspective

Clearly, numerous activities can result in human encoun-
ters with microorganisms. Because humans are engaged 
in all of life’s complex activities, the tendency is to per-
ceive the microorganism as having a passive role in the 
encounter process. However, this assumption is a gross 
oversimpli�cation.

Microorganisms are driven by survival, and the environ-
ment of the reservoirs they occupy must allow their meta-
bolic and genetic needs to be ful�lled. Reservoirs can be 
inhabited by hundreds or thousands of di�erent microor-
ganisms. Yet human encounters with the reservoirs, either 
directly or indirectly, do not result in all microorganisms 
establishing an association with the human host. Although 
some microorganisms have evolved strategies that do 
not require a human host to ensure survival, others have 
included humans to a lesser or greater extent as part of their 
survival tactics. �ese organisms often have mechanisms 
that enhance their chances for a human encounter.

Depending on factors associated with both the human 
host and the microorganism involved, the encounter may 
have a bene�cial, disastrous, or inconsequential e�ect on 
each of the participants.�

Microorganism Colonization of Host 
Surfaces

The Host’s Perspective

Once a microbe is in contact with a human host, the out-
come of the encounter depends on what happens during 
each step of the interaction, beginning with colonization. 
�e human host’s role in microbial colonization, de�ned 
as the persistent survival of microorganisms on a surface of 
the human body, is dictated by the defenses that protect 
vital internal tissues and organs against microbial invasion. 
�e �rst defenses are the external and internal body surfaces 
that are in direct contact with the external environment and 
are the anatomic regions where the microorganisms will ini-
tially encounter the human host. �ese surfaces include:
���t����4�L�J�O �	�J�O�D�M�V�E�J�O�H �U�I�F �D�P�O�K�V�O�D�U�J�W�B�M �F�Q�J�U�I�F�M�J�V�N �D�P�W�F�S�J�O�H �U�I�F 

eye)
���t����.�V�D�P�V�T �N�F�N�C�S�B�O�F�T �M�J�O�J�O�H �U�I�F �N�P�V�U�I �P�S �P�S�B�M �D�B�W�J�U�Z�
 �U�I�F 

respiratory tract, the gastrointestinal tract, and the geni-
tourinary tract
Because body surfaces are always present and provide 

protection against all microorganisms, skin and mucous 
membranes are constant and nonspeci�c defense mecha-
nisms. As is discussed later in this text, other protective 
mechanisms are produced in response to the presence of 
microbial agents (inducible defenses), and some are directed 
speci�cally at particular microorganisms (speci�c defense 
mechanisms).

Skin and Skin Structures
Skin serves as a physical and chemical barrier to microorgan-
isms; its protective characteristics are summarized in Table 
3.1 and Fig. 3.2. �e acellular, outermost layer of the skin, 
along with the tightly packed cellular layers underneath, 
provides an impenetrable physical barrier to all microorgan-
isms, unless damaged. In addition, these layers continuously 
shed, thus dislodging bacteria that have attached to the outer 
layers. �e skin is also a dry and cool environment, which is 
incompatible with the growth requirements of many micro-
organisms that thrive in a warm, moist environment.

�e follicles and glands of the skin produce various nat-
ural antibacterial substances, including sebum and sweat. 
However, many microorganisms can survive the conditions 
of the skin. �ese bacteria, or the skin microbiome, are skin 
colonizers, and they often produce substances that may 
be toxic and inhibit the growth of more harmful microbial 
agents. �e skin human microbiome di�ers among healthy 
individuals more than any other body site. Beneath the 
outer layers of skin are various host cells that protect against 
organisms that breach the surface barriers. �ese cells, 
collectively known as skin-associated lymphoid tissue, 
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  � Protective Characteristics of the Skin and 
Skin Structures

Skin Structure Protective Activity

Outer (dermal) 
layers

���t�� ��"�D�U �B�T �B �Q�I�Z�T�J�D�B�M �C�B�S�S�J�F�S �U�P 
microbial penetration

���t�� ��3�F�N�P�W�F �B�U�U�B�D�I�F�E �C�B�D�U�F�S�J�B �U�I�S�P�V�H�I 
sloughing of the outer layers

���t�� ��1�S�P�W�J�E�F �E�S�Z�
 �B�D�J�E�J�D�
 �B�O�E �D�P�P�M 
conditions that limit bacterial growth

Hair follicles, 
sweat glands, 
sebaceous 
glands

���t�� ��1�S�P�E�V�D�F �B�D�J�E�T�
 �B�M�D�P�I�P�M�T�
 �B�O�E �U�P�Y�J�D 
lipids that limit bacterial growth

Eyes/conjuncti-
val epithelium

���t�� ��'�M�V�T�I�J�O�H �B�D�U�J�P�O �P�G �U�F�B�S�T�� �S�F�N�P�W�F�T 
microorganisms

���t�� ��-�Z�T�P�[�Z�N�F �J�O �U�F�B�S�T�� �E�F�T�U�S�P�Z�T �U�I�F 
bacterial cell wall

���t�� ��.�F�D�I�B�O�J�D�B�M �C�M�J�O�L�J�O�H �P�G �U�I�F �F�Z�F�M�J�E�� 
removes microorganisms

Skin-associated 
lymphoid 
tissue

���t�� ��.�F�E�J�B�U�F�T �T�Q�F�D�J�m�D �B�O�E �O�P�O�T�Q�F�D�J�m�D 
protection mechanisms against 
microorganisms that penetrate the 
outer tissue layers

TABLE 
3.1 

Bacteria

Envir onment

Hair follicle

Cellular
layer

Dead
layer

Deeper tissues and internal organs

Hair

Sweat
pore

Epidermis

Dermis

Sweat
gland

Subcutaneous
tissue
(hypodermis)

Sebaceous
gland

Duct

�t Fig. �.�   Skin and skin structures.

mediate speci�c and nonspeci�c responses directed at con-
trolling microbial invaders.�

Mucous Membranes
Because cells that line the respiratory tract, gastrointesti-
nal tract, and genitourinary tract are involved in numerous 
functions besides protection, they are not covered with a 
hardened, acellular layer. However, the cells that compose 
these membranes still exhibit various protective characteris-
tics (Table 3.2 and Fig. 3.3).

General Protective Characteristics
Mucus is a major protective component of the membranes. 
�is substance serves to trap bacteria before they can reach 
the outer surface of the cells, lubricates the cells to prevent 
damage that promotes microbial invasion, and contains spe-
ci�c chemical (i.e., antibodies) and nonspeci�c antibacte-
rial substances. In addition to the chemical properties and 
physical movement of the mucus and trapped microorgan-
isms mediated by ciliary action, rapid cellular shedding and 
tight intercellular connections provide e�ective barriers to 
infection. As is the case with the skin, speci�c cell clusters, 

  � Protective Characteristics of Mucous 
Membranes

Mucous 
Membrane Protective Activity

�.�V�D�P�T�B�M �D�F�M�M�T���t�� ��3�B�Q�J�E �T�M�P�V�H�I�J�O�H �G�P�S �C�B�D�U�F�S�J�B�M �S�F�N�P�W�B�M
���t�� ��5�J�H�I�U �J�O�U�F�S�D�F�M�M�V�M�B�S �K�V�O�D�U�J�P�O�T�� �Q�S�F�W�F�O�U 

bacterial penetration

Goblet cells ���t�� ��.�V�D�V�T �Q�S�P�E�V�D�U�J�P�O�� �Q�S�P�U�F�D�U�J�W�F 
lubrication of cells; bacterial trapping; 
�D�P�O�U�B�J�O�T �T�Q�F�D�J�m�D �B�O�U�J�C�P�E�J�F�T �X�J�U�I 
�T�Q�F�D�J�m�D �B�D�U�J�W�J�U�Z �B�H�B�J�O�T�U �C�B�D�U�F�S�J�B

���t�� ��1�S�P�W�J�T�J�P�O �P�G �B�O�U�J�C�B�D�U�F�S�J�B�M �T�V�C�T�U�B�O�D�F�T 
to mucosal surface:

�� �t�� ��-�Z�T�P�[�Z�N�F �	�E�F�H�S�B�E�F�T �C�B�D�U�F�S�J�B�M �D�F�M�M 
wall)

�� �t�� ��-�B�D�U�P�G�F�S�S�J�O �	�D�P�N�Q�F�U�F�T �G�P�S �C�B�D�U�F�S�J�B�M 
iron supply)

�� �t�� ��-�B�D�U�P�Q�F�S�P�Y�J�E�B�T�F �	�Q�S�P�E�V�D�U�J�P�O �P�G 
�T�V�C�T�U�B�O�D�F�T �U�P�Y�J�D �U�P �C�B�D�U�F�S�J�B�


�.�V�D�P�T�B��
associated 
lymphoid 
tissue

���t�� ��.�F�E�J�B�U�F�T �T�Q�F�D�J�m�D �S�F�T�Q�P�O�T�F�T �B�H�B�J�O�T�U 
bacteria that penetrate the outer layer

TABLE 
3.2 

External
Bacteria trapped
in mucus ball

Ciliated
cell

Goblet cell
(mucus production)

Intercellular
junctions

Cell
sloughing

�t Fig. �.�   General features of mucous membranes, highlighting the 
protective features such as ciliated cells, mucus production, tight inter-
cellular junctions, and cell sloughing.
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known as mucosa-associated lymphoid tissue, exist below 
the outer cell layer and mediate speci�c protective mecha-
nisms against microbial invasion.�

Speci�c Protective Characteristics
Besides the general protective properties of mucosal cells, 
the mucosal linings throughout the body have characteris-
tics speci�c to each anatomic site (Fig. 3.4).

�e mouth, or oral cavity, is protected by the �ow of 
saliva that physically carries microorganisms away from cell 
surfaces and contains antibacterial substances, such as anti-
bodies (immunoglobulin A [IgA]) and lysozyme that par-
ticipate in the destruction of bacterial cells. �e mouth is 
heavily colonized with protective microorganisms that pro-
duce substances that hinder successful invasion by harmful 
organisms.

In the gastrointestinal tract, the low pH and proteolytic 
(protein-digesting) enzymes of the stomach prevent the 
growth of many microorganisms. In the small intestine, bile 
salts provide protection that disrupts bacterial membranes, 
and by peristaltic movement and the fast �ow of intestinal 
contents, which hinder microbial attachment to mucosal 
cells. Although the large intestine also contains bile salts, 
the movement of bowel contents is slower, permitting a 
higher concentration of microbial agents the opportunity to 
attach to the mucosal cells and inhabit the gastrointestinal 
tract. As in the oral cavity, the high concentration of normal 
microbial inhabitants in the large bowel also contributes sig-
ni�cantly to protection.

In the upper respiratory tract, nasal hairs keep out large 
airborne particles that may contain microorganisms. �e 
cough-sneeze re�ex signi�cantly contributes to the removal 
of potentially infective agents. �e cells lining the tra-
chea contain cilia (hairlike cellular projections) that move 
microorganisms trapped in mucus upward and away from 
the delicate cells of the lungs (Fig. 3.3) by the mucociliary 
escalator. �ese barriers are so e�ective that only inhalation 
of particles smaller than 2 to 3 µm have a chance of reach-
ing the lungs.

In the female urogenital tract, the vaginal lining and the 
cervix are protected by colonization with normal microbial 
inhabitants and a low pH. A thick mucus plug in the cervi-
cal opening is a substantial barrier that keeps microorgan-
isms from ascending and invading the delicate tissues of the 
uterus, uterine tubes, and ovaries. �e anterior urethra of 
males and females is colonized with microorganisms, and a 
stricture at the urethral opening provides a physical barrier 
that, combined with a low urine pH and the �ushing action 
of urination, protects against bacterial invasion of the blad-
der, ureters, and kidneys.�

The Microorganism’s Perspective

As previously discussed, microorganisms that inhabit many 
surfaces of the human body (Fig. 3.4) are referred to as col-
onizers, normal �ora, normal microbiota, and collectively 
as the human microbiome. Some are transient colonizers 
because they are able to survive, but do not multiply, on 

Lungs
Macrophages

Stomac h
Low pH
Proteolytic enzymes

Small intestine
Fast flow
Mucus
Sloughing cells
Bile salts
Peristalsis

High concentration
of resident microflora

Urethra
Urine flow

Bladder
Flushing action of urine
Low pH
Physical barrier of urethra

Mout h
Sloughing cells
Flow of saliva
Lysozyme
Resident microflora

Colon
Slow flow
Mucus, sloughing cells
Abundant resident microflora
Bile salts
Peristalsis

Nasopharynx
Resident microflora
Secretions
    (lysozyme,
    phagocytes)
Ciliated cells

Vagina
Low pH
Resident microflora

�t Fig. �.�  �1�S�P�U�F�D�U�J�W�F �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �B�T�T�P�D�J�B�U�F�E �X�J�U�I �U�I�F �N�V�D�P�T�B�M �M�J�O�J�O�H�T �P�G �E�J�G�G�F�S�F�O�U �J�O�U�F�S�O�B�M �C�P�E�Z �T�V�S�G�B�D�F�T��
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Survival Against Environmental Conditions
���t�� ��-�P�D�B�M�J�[�B�U�J�P�O �J�O �N�P�J�T�U �B�S�F�B�T
���t�� ��1�S�P�U�F�D�U�J�P�O �J�O �J�O�H�F�T�U�F�E �P�S �J�O�I�B�M�F�E �E�F�C�S�J�T
���t�� ��&�Y�Q�S�F�T�T�J�P�O �P�G �T�Q�F�D�J�m�D �N�F�U�B�C�P�M�J�D �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �	�F���H���
 �T�B�M�U 

tolerance)�

Achieving Attachment and Adherence to Host Cell 
Surfaces
���t�� ��1�J�M�J
���t�� ��"�E�I�F�S�F�O�D�F �Q�S�P�U�F�J�O�T
���t�� ��#�J�P�m�M�N�T
���t�� ��7�B�S�J�P�V�T �Q�S�P�U�F�J�O �B�E�I�F�T�J�O�T�

Other Factors
���t�� ��.�P�U�J�M�J�U�Z
���t�� ��1�S�P�E�V�D�U�J�P�O �P�G �T�V�C�T�U�B�O�D�F�T �U�I�B�U �D�P�N�Q�F�U�F �X�J�U�I �U�I�F �I�P�T�U �G�P�S 

acquisition of essential nutrients (e.g., siderophores to 
capture iron)

���t�� ��"�C�J�M�J�U�Z �U�P �D�P�F�Y�J�T�U �X�J�U�I �P�U�I�F�S �D�P�M�P�O�J�[�J�O�H �N�J�D�S�P�P�S�H�B�O�J�T�N�T

	  �’ BOX 3.2 	 	� Microbial Factors That Contribute to 
Colonization of Host Surfaces

the surface and frequently shed with the host cells. Others, 
called resident microbiota, not only survive but also thrive 
and multiply; their presence is more persistent.

�e body’s microbiota varies considerably with anatomic 
location. For example, environmental conditions, such as 
temperature and oxygen availability, di�er considerably 
between the nasal cavity and the small bowel. Only micro-
organisms with the metabolic capability to survive under 
the physiologic conditions of the anatomic location are 
inhabitants of those particular body surfaces.

Knowledge of the microbiota of the human body is 
extremely important in diagnostic microbiology, especially 
for determining the clinical signi�cance of microorganisms 
isolated from patient specimens. Organisms considered nor-
mal microbiota are often in clinical specimens. �is may be 
a result of contamination of normally sterile specimens dur-
ing the collection process or because the colonizing organ-
ism is actually involved in the infection. Microorganisms 
considered as normal colonizers of the human body and the 
anatomic locations they colonize are addressed in Part VII.

Microbial Colonization
Colonization may be the last step in the establishment of 
a long lasting, mutually bene�cial (i.e., commensal) or 
harmless relationship between a colonizer and the human 
host. Alternatively, colonization may be the �rst step in 
the process for the development of infection and disease. 
Whether colonization results in a harmless or damaging 
infection depends on the characteristics of the host and the 
microorganism. In either case, successful initial colonization 
depends on the microorganism’s ability to survive the condi-
tions �rst encountered on the host surface (Box 3.2).

To avoid the dryness of the skin, organisms often seek 
moist areas of the body, including hair follicles, sebaceous 
(oil or sebum) and sweat glands, skin folds, underarms, the 

genitals or anus, the face, the scalp, and areas around the 
mouth. Microbial penetration of mucosal surfaces is medi-
ated when an organism embedded in food particles survives 
oral and gastrointestinal conditions or is contained within 
airborne particles to aid survival in the respiratory tract. 
Microorganisms also exhibit metabolic capabilities that 
assist in their survival. For example, the ability of staphylo-
cocci to thrive in relatively high salt concentrations enhances 
their survival in and among the sweat glands of the skin.

Besides surviving the host’s physical and chemical con-
ditions, colonization also requires that microorganisms 
attach and adhere to host surfaces (Box 3.2). Attachment 
can be particularly challenging in places such as the mouth 
and bowel, in which the surfaces are frequently �ushed 
with passing �uids. Pili, the rodlike projections of bacterial 
envelopes; various molecules (e.g., adherence proteins and 
adhesins); and biochemical complexes (e.g., bio�lm) work 
together to enhance attachment of microorganisms to the 
host cell surface. Bio�lm is discussed in more detail later in 
this chapter. (For more information concerning the struc-
ture and functions of pili, see Chapter 2.)

In addition, microbial motility with �agella allows 
organisms to move around and actively seek optimum con-
ditions. Finally, because no single microbial species is a lone 
colonizer, successful colonization also requires that a micro-
organism be able to coexist with other microorganisms.�

Microorganism Entry, Invasion, and 
Dissemination

The Host’s Perspective

In most instances, to establish infection, microorganisms 
must penetrate or circumvent the host’s physical barriers 
(i.e., skin or mucosal surfaces); overcoming these defensive 
barriers depends on both host and microbial factors. When 
these barriers are broken, numerous other host defensive 
strategies activate.

Disruption of Surface Barriers
Any situation that disrupts the physical barrier of the skin 
and mucosa, alters the environmental conditions (e.g., loss 
of stomach acidity or dryness of the skin), changes the func-
tioning of surface cells, or alters the normal microbiota 
facilitates the penetration of microorganisms past the barri-
ers and into deeper host tissues. Disruptive factors may vary 
from accidental or intentional (medical) trauma resulting 
in surface destruction to the use of antibiotics that remove 
normal, protective, colonizing microorganisms (Box 3.3). A 
number of these factors are a result of a medical interven-
tion or procedure.�

Responses to Microbial Invasion of Deeper Tissue
Once an organism circumvents surface barriers, the host 
responds to a microbial presence in the underlying tissue 
in various ways. Some of these responses are nonspeci�c, 
because they occur regardless of the type of invading 
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organism; other responses are more speci�c and involve 
the host’s immune system. Both nonspeci�c and speci�c 
host responses are critical if the host is to survive. With-
out them, microorganisms would multiply and invade 
vital tissues and organs, resulting in severe damage to the 
host.

Nonspeci�c Responses
Some nonspeci�c responses are biochemical; others are cellular. 
Biochemical factors remove essential nutrients, such as iron, 
from tissues so that it is unavailable for use by invading micro-
organisms. Cellular responses are central to tissue and organ 
defenses, and the primary cells responsible are phagocytes.�

Phagocytes
Phagocytes are cells that ingest and destroy bacteria and other 
foreign particles. �e types of phagocytes are polymorpho-
nuclear leukocytes, also known as neutrophils (PMNs), 
monocytes (circulating mononuclear white blood cells) 
or macrophages (mononuclear white blood cells found 
in tissue), and dendritic cells. Phagocytes ingest bacteria 
by a process known as phagocytosis and engulf them in a 
membrane-lined structure called a phagosome (Fig. 3.5). 
�e phagosome fuses with a second structure, the lyso-
some. When the lysosome, which contains toxic chemicals 
and destructive enzymes, combines with the phagosome, the 
bacteria that are trapped within the phagolysosome are neu-
tralized and destroyed. �is destructive process occurs inside 
membrane-lined structures to prevent the noxious substances 
contained within the phagolysosome from destroying the 
phagocyte itself. �is is evident during the course of rampant 
infections when thousands of phagocytes exhibit “sloppy” 
ingestion of the microorganisms and toxic substances spill 
from the cells, damaging the surrounding host tissue.

�e two major phagocytes, PMNs and mononuclear cells, 
di�er in viability and anatomic distribution. PMNs develop 
in the bone marrow and spend their short lives (usually a day 

Trauma

�� �t�� ��1�F�O�F�U�S�B�U�J�O�H �X�P�V�O�E�T
�� �t�� ��"�C�S�B�T�J�P�O�T
�� �t�� ��#�V�S�O�T �	�D�I�F�N�J�D�B�M �B�O�E �m�S�F�

�� �t�� ��4�V�S�H�J�D�B�M �X�P�V�O�E�T
�� �t�� ��/�F�F�E�M�F �T�U�J�D�L�T�

Inhalation

�� �t�� ��/�P�Y�J�P�V�T �P�S �U�P�Y�J�D �H�B�T�F�T
�� �t�� ��1�B�S�U�J�D�V�M�B�U�F �N�B�U�U�F�S
�� �t�� ��4�N�P�L�J�O�H�

Implantation of Medical Devices
Other Diseases
�� �t�� ��.�B�M�J�H�O�B�O�D�J�F�T
�� �t�� ��%�J�B�C�F�U�F�T
�� �t�� ��1�S�F�W�J�P�V�T �P�S �T�J�N�V�M�U�B�O�F�P�V�T �J�O�G�F�D�U�J�P�O�T
�� �t�� ��"�M�D�P�I�P�M�J�T�N �B�O�E �P�U�I�F�S �D�I�F�N�J�D�B�M �E�F�Q�F�O�E�F�O�D�J�F�T
Childbirth
Overuse of Antibiotics

	  �’ BOX 3.3 	 	� Factors That Contribute to the 
Disruption of the Skin and Mucosal 
Surface

Long-term survival of
bacteria in phagocyte

Destruction of phagocyte1

Bacteria

Lysosomes
Nucleus

Phagocyte

Phagosome

In phagolysosome, there is
release of lysozyme and
other toxic substances

Endocytosis

Bacterial
fragments

Bacterial destruction 32

Outcomes

Phagosome–lysosome fusion

Phagolysosome

�t Fig. �.�   Overview of phagocyte activity and possible outcomes of phagocyte-bacterial interactions.
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or less) circulating in blood and tissues. Widely dispersed in 
the body, PMNs usually are the �rst cells on the scene of bac-
terial invasion. Mononuclear cells (monocytes) also develop 
in the bone marrow. When deposited in tissue or at a site of 
infection, monocytes transform into mature macrophages. In 
the absence of infection, macrophages usually reside in speci�c 
organs, such as the spleen, lymph nodes, liver, or lungs, where 
they live for days to several weeks, awaiting encounters with 
invading bacteria. In addition to the ingestion and destruc-
tion of bacteria, macrophages play an important role in medi-
ating immune system defenses (see Speci�c Responses—�e 
Immune System later in this chapter).

In addition to the inhibition of microbial proliferation 
by phagocytes and biochemical substances such as lyso-
zyme, microorganisms are “washed” from tissues during 
the �ow of lymph �uid. �e �uid carries infectious agents 
through the lymphatic system, where they are deposited in 
tissues and organs (e.g., lymph nodes and the spleen) heav-
ily populated with phagocytes. �is process functions as an 
e�cient �ltration system.�

In�ammation
Because microbes may survive the initial encounters with 
phagocytes (Fig. 3.5), the in�ammatory response plays an 
extremely important role as a primary mechanism against 
microbial survival and proliferation in tissues and organs. 
In�ammation has both cellular and biochemical compo-
nents that interact in various complex ways (Table 3.3).

�e complement system is composed of a coordinated 
group of proteins activated by the immune system because 
of the presence of invading microorganisms. On activation 
of this system, a cascade of biochemical events occurs that 
attracts (chemotaxis) and enhances the activities of phago-
cytes. Because PMNs and macrophages are widely dispersed 
throughout the body, signals attract and concentrate these cells 
at the point of invasion, and serum complement proteins pro-
vide many of these signals. Cytokines are chemical substances, 
or proteins secreted by a cell, that have e�ects on the activities of 
other cells. Cytokines draw more phagocytes toward the infec-
tion and activate the maturation of monocytes to macrophages.

Additional protective functions of the complement sys-
tem is enhanced by hemostasis, which works to increase 
blood �ow to the area of infection and can e�ectively wall 
o� the infection through the production of clots and barri-
ers composed of cellular debris.

�e manifestations of in�ammation  are readily evident 
and are familiar to most adults; they include the following:
���t����4�X�F�M�M�J�O�H�‰�D�B�V�T�F�E �C�Z �B�O �J�O�D�S�F�B�T�F�E �ì�P�X �P�G �ì�V�J�E �B�O�E �D�F�M�M�T 

to the a�ected body site
���t����3�F�E�O�F�T�T�‰�S�F�T�V�M�U�T �G�S�P�N �W�B�T�P�E�J�M�B�U�J�P�O �P�G �C�M�P�P�E �W�F�T�T�F�M�T �B�O�E 

increased blood �ow at the infection site
���t����)�F�B�U�‰�S�F�T�V�M�U�T �G�S�P�N �J�O�D�S�F�B�T�F�E �D�F�M�M�V�M�B�S �N�F�U�B�C�P�M�J�T�N �B�O�E 

energy production in the a�ected area
���t����1�B�J�O�‰�D�B�V�T�F�E �C�Z �U�J�T�T�V�F �E�B�N�B�H�F �B�O�E �Q�S�F�T�T�V�S�F �P�O �O�F�S�W�F 

endings from an increased �ow of �uid and cells
On a microscopic level, the presence of phagocytes at the 

infection site is an important observation in diagnostic micro-
biology. Microorganisms associated with these host cells are 
frequently identi�ed as the cause of a particular infection.�

Specific Responses—The Immune System
�e immune system provides the human host with the abil-
ity to mount a speci�c protective response to the presence of 
the invading microorganism. In addition to this speci�city, 
the immune system has a “memory.” When a microorganism 
is encountered a second or third time, an immune-mediated 
defensive response is immediately available. However, non-
speci�c (i.e., phagocytes, in�ammation) and speci�c (i.e., 
the immune system) host defensive systems are interdepen-
dent in their e�orts to limit the spread of infection.

Components of the Immune System
�e central molecule of the immune response is the anti-
body. Antibodies, also referred to as immunoglobulins, are 
speci�c glycoproteins produced by plasma cells (activated 
B cells) in response to the presence of a molecule recognized 
as foreign to the host (referred to as an antigen). In the 
case of infectious diseases, antigens are chemicals or toxins 
secreted by the invading microorganism or components of 
the organism’s structure and are usually composed of pro-
teins or polysaccharides. Antibodies circulate in the plasma 
or liquid portion of the host’s blood and are present in secre-
tions such as saliva. �ese molecules have two active areas: 
the antigen-binding site (Fab region) and the phagocyte 
and complement binding sites (Fc region) (Fig. 3.6).

  � Components of In�ammation

Component Functions

�1�I�B�H�P�D�Z�U�F�T �	�Q�P�M�Z-
morphonuclear 
�O�F�V�U�S�P�Q�I�J�M�T �<�1�.�/�T�>�
 
dendritic cells, and 
monocytes)

���t�� ��*�O�H�F�T�U �B�O�E �E�F�T�U�S�P�Z 
microorganisms

Complement system 
(coordinated group 
of serum proteins)

���t�� ��"�U�U�S�B�D�U�T �Q�I�B�H�P�D�Z�U�F�T �U�P �U�I�F 
�T�J�U�F �P�G �J�O�G�F�D�U�J�P�O �	�D�I�F�N�P�U�B�Y�J�T�


���t�� ��)�F�M�Q�T �Q�I�B�H�P�D�Z�U�F�T �U�P 
recognize and bind to 
bacteria (opsonization)

���t�� ��%�J�S�F�D�U�M�Z �L�J�M�M�T �H�S�B�N���O�F�H�B�U�J�W�F 
bacteria (membrane attack 
�D�P�N�Q�M�F�Y�


Coagulation system 
(wide variety of 
proteins and other 
biologically active 
compounds)

���t�� ��"�U�U�S�B�D�U�T �Q�I�B�H�P�D�Z�U�F�T �U�P �U�I�F 
site of infection

���t�� ��*�O�D�S�F�B�T�F�T �C�M�P�P�E �B�O�E �n�V�J�E �n�P�X 
to the site of infection

���t�� ��8�B�M�M�T �P�G�G �U�I�F �T�J�U�F �P�G �J�O�G�F�D�U�J�P�O�
 
physically inhibiting the 
spread of microorganisms

Cytokines (proteins 
secreted by 
macrophages and 
other cells)

���t�� ��.�V�M�U�J�Q�M�F �F�G�G�F�D�U�T �U�I�B�U �F�O�I�B�O�D�F 
the activities of many different 
�D�F�M�M�T �F�T�T�F�O�U�J�B�M �U�P �O�P�O�T�Q�F�D�J�m�D 
�B�O�E �T�Q�F�D�J�m�D �E�F�G�F�O�T�J�W�F 
responses

TABLE 
3.3 
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Five major classes or isotypes of antibody exist: IgG, 
IgA, IgM, IgD, and IgE. Each class has distinctive molecu-
lar con�gurations. IgM is the largest and �rst antibody pro-
duced when an invading microorganism is encountered in 
the host; production of the most abundant antibody, IgG, 
follows. IgG consists of four subclasses, IgG1 to IgG4, that 
have variations in their constant regions resulting in di�er-
ent e�ector functions related to phagocytosis, complement 
activation, and antibody-dependent cell-mediated cyto-
toxicity. IgA is secreted in various body �uids (e.g., saliva 
and tears) and primarily protects body surfaces lined with 
mucous membranes. IgA also includes subclasses: IgA1 
is predominantly located in the blood stream, and IgA2, 
which is more resistant to proteolytic cleavage, is located 
predominantly in secretions. Increased IgE is associated 
with parasitic infections and allergies. IgD is attached to 
the surface of speci�c immune system cells and is involved 
in the regulation of antibody production. As is discussed in 
Chapter 9, the ability to measure speci�c antibody produc-
tion is a valuable tool for the laboratory diagnosis of infec-
tious diseases.

Regarding the cellular components of the immune 
response, there are three major types of cells: B lymphocytes 
(B cells), T lymphocytes (T cells), and natural killer cells 
(NK cells) (Box 3.4). B lymphocytes originate from stem 
cells and develop into B cells in the bone marrow before 
being widely distributed to lymphoid tissues throughout 
the body. �ese cells primarily function as antibody pro-
ducers (plasma cells). T lymphocytes also originate from 
bone marrow stem cells, but they mature in the thymus and 
either directly destroy infected cells (cytotoxic T cells, TC or 
CTLs) or work with B cells (helper T cells, TH) to regulate 
antibody production. Regulatory T cells (Tregs) suppress 
autoimmune responses by other T lymphocytes and medi-
ate immune tolerance. NK cells are a subset of T cells. �ere 
are di�erent types of NK cells, with the most prevalent 
referred to as invariant natural killer T (NKT) cells. NKT 
cells develop in the thymus from the same precursor cells as 

other T lymphocytes. NKT cells have a limited repertoire 
of T-cell receptors that respond to synthetic, bacterial, and 
fungal glycolipids. NKT cells are activated by the release 
of cytokines during viral infections. Each of the three cell 
types is strategically located in lymphoid tissue throughout 
the body to maximize the chances of encountering invading 
microorganisms that the lymphatic system drains from the 
site of infection.�

Two Branches of the Immune System
�e immune system provides immunity through two main 
branches:
���t�� �Antibody-mediated immunity, or humoral immunity
���t�� �Cell-mediated immunity, or cellular immunity

Antibody-mediated immunity involves the activities of 
B cells and the production of antibodies. When a B cell 
encounters a microbial antigen, the cell is activated and ini-
tiates a series of events. �ese events are mediated by helper 
T cells and the release of cytokines. Cytokines mediate 
clonal expansion and the number of B cells capable of rec-
ognizing the antigen increases. Cytokines also activate the 
maturation of B cells into plasma cells that produce anti-
bodies speci�c for the antigen. �e process results in the 
production of B memory cells (Fig. 3.7). B memory cells 
remain quiescent in the body until a second (anamnestic) 
or subsequent exposure to the original antigen occurs. With 
secondary exposure, the B memory cells are preprogrammed 
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�t Fig. �.�   General structure of the immunoglobulin G (IgG)-class anti-
body molecule.

B Lymphocytes (B Cells)
���t�� �Location: Lymphoid tissues (lymph nodes, spleen,  

gut-associated lymphoid tissue, tonsils)
���t�� �Function: Antibody-producing cells
���t�� �Subtypes:

�# �M�Z�N�Q�I�P�D�Z�U�F�T�� �$�F�M�M�T �X�B�J�U�J�O�H �U�P �C�F �T�U�J�N�V�M�B�U�F�E �C�Z �B�O 
antigen

�1�M�B�T�N�B �D�F�M�M�T�� �"�D�U�J�W�B�U�F�E �# �M�Z�N�Q�I�P�D�Z�U�F�T �U�I�B�U �T�F�D�S�F�U�F �B�O�U�J-
body in response to an antigen

�# �N�F�N�P�S�Z �D�F�M�M�T�� �-�P�O�H���M�J�W�J�O�H �D�F�M�M�T �Q�S�F�Q�S�P�H�S�B�N�F�E �U�P �B�O 
�B�O�U�J�H�F�O �G�P�S �T�V�C�T�F�R�V�F�O�U �F�Y�Q�P�T�V�S�F�

T Lymphocytes (T Cells)
���t�� �Location: Circulate and reside in lymphoid tissues (lymph 

nodes, spleen, gut-associated lymphoid tissue, tonsils)
���t�� �Functions: �.�V�M�U�J�Q�M�F �	�T�F�F �E�J�G�G�F�S�F�O�U �T�V�C�U�Z�Q�F�T�

���t�� �Subtypes:

�)�F�M�Q�F�S �5 �D�F�M�M�T �	�5�)�
�� �*�O�U�F�S�B�D�U �X�J�U�I �# �D�F�M�M�T �U�P �G�B�D�J�M�J�U�B�U�F �B�O�U�J-
body production

�$�Z�U�P�U�P�Y�J�D �5 �D�F�M�M�T �	�5�$�
�� �3�F�D�P�H�O�J�[�F �B�O�E �E�F�T�U�S�P�Z �I�P�T�U �D�F�M�M�T 
that have been invaded by microorganisms

�4�V�Q�Q�S�F�T�T�P�S �5 �D�F�M�M�T �	�5�4�
�� �.�F�E�J�B�U�F �S�F�H�V�M�B�U�P�S�Z �S�F�T�Q�P�O�T�F�T 
within the immune system

T memory cells: Long-living cells preprogramed to an 
�B�O�U�J�H�F�O �G�P�S �T�V�C�T�F�R�V�F�O�U �F�Y�Q�P�T�V�S�F�

Natural Killer Cells (NK Cells)
���t�� �Function: �4�J�N�J�M�B�S �U�P �U�I�B�U �P�G �D�Z�U�P�U�P�Y�J�D �5 �D�F�M�M�T �C�V�U �E�P �O�P�U 

require the presence of an antigen to stimulate function
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+

3.  Activated helper T cells, in
     turn, stimulate B cells to
     undergo maturation to plasma
     cells for:

       - Increased production of highly specific antibody
       - Switching from IgM to IgG antibody production
       - Production of B-memory cells

B cell

B-cell activation

2.  Antigen is taken into B cell,
     processed, and presented
     on B-cell surface, which
     attracts helper T cells

1.  Clonal expansion = multiplication of
     B cells that specifically recognize
     antigen that stimulated activation

Antigen
receptor

Microbial
antigens

�t Fig. �.�  �0�W�F�S�W�J�F�X �P�G �#���D�F�M�M �B�D�U�J�W�B�U�J�P�O�
 �X�I�J�D�I �J�T �D�F�O�U�S�B�M �U�P �B�O�U�J�C�P�E�Z��
mediated immunity.

to produce speci�c antibodies immediately upon encoun-
tering the original antigen.

Antibodies protect the host in a number of ways:
���t����)�F�M�Q�J�O�H �Q�I�B�H�P�D�Z�U�F�T �U�P �J�O�H�F�T�U �B�O�E �L�J�M�M �N�J�D�S�P�P�S�H�B�O-

isms through a coating mechanism, referred to as 
opsonization

���t����/�F�V�U�S�B�M�J�[�J�O�H �N�J�D�S�P�C�J�B�M �U�P�Y�J�O�T �U�I�B�U �B�S�F �E�F�U�S�J�N�F�O�U�B�M �U�P 
host cells and tissues

���t����1�S�P�N�P�U�J�O�H �C�B�D�U�F�S�J�B�M �D�M�V�N�Q�J�O�H �	agglutination) that facil-
itates clearing from the infection site

���t����*�O�I�J�C�J�U�J�O�H �C�B�D�U�F�S�J�B�M �N�P�U�J�M�J�U�Z
���t�� �Viral neutralization; blocking the virus from entering 

the host cell
���t����$�P�N�C�J�O�J�O�H �X�J�U�I �N�J�D�S�P�P�S�H�B�O�J�T�N�T �U�P �B�D�U�J�W�B�U�F �U�I�F �D�P�N�Q�M�F-

ment system and in�ammatory response
Because a population of activated speci�c B cells is a 

developmental process that results from exposure to micro-
bial antigens, antibody production is delayed when the 
host is �rst exposed to an infectious agent. �is delay in 
the primary antibody response underscores the impor-
tance of nonspeci�c response defenses, such as in�amma-
tion, that work to hold the invading organisms in check 
while antibody production begins. �is also emphasizes the 

importance of B memory cell production. By virtue of this 
memory, any subsequent exposure or secondary antibody 
response to the same microorganism results in rapid pro-
duction of protective antibodies avoiding the delays charac-
teristic of the primary exposure.

Some antigens, such as bacterial capsules and outer 
membranes, activate B cells to produce antibodies without 
the intervention of helper T cells. However, this activation 
does not result in the production of B memory cells, and 
subsequent exposure to the same bacterial antigens does not 
result in a rapid host memory response.

�e primary cells involved in cell-mediated immunity are 
T lymphocytes (cytotoxic T cells) that recognize and destroy 
human host cells infected with microorganisms. �is func-
tion is extremely important for the destruction and elimina-
tion of infecting microorganisms. Cytotoxic T cells activated 
during the primary immune response also form a subset of 
memory T cells that are able to respond quickly to a sub-
sequent infection from a previously encountered pathogen. 
Some pathogens (e.g., viruses, tuberculosis, some parasites, 
and fungi) are able to survive in host cells, protected from 
antibody interaction. Antibody-mediated immunity targets 
microorganisms outside human cells, whereas cell-mediated 
immunity targets microorganisms inside human cells. How-
ever, in many instances, these two branches of the immune 
system overlap and work together.

Like B cells, T cells must become activated in order to be 
e�ective. T-cell activation occurs through interactions with 
other cells that process microbial antigens and present them 
on their surface (e.g., macrophages, dendritic cells, and B 
cells). �e responses of activated T cells are very di�erent 
and depend on the subtype of T cell (Fig. 3.8). Activated 
helper T cells work with B cells for antibody production 
(Fig. 3.7) and facilitate in�ammation by releasing cytokines. 
Cytotoxic T cells directly interact with and destroy host cells 
containing microorganisms or other infectious agents, such 
as viruses. �e activated T cell subset, helper or cytotoxic 
cells, are controlled by an extremely complex series of bio-
chemical pathways and genetic diversity within the major 
histocompatibility complex (MHC). MHC molecules 
are present on cells and form a complex with the antigen 
to present them to the T cells. �e two primary classes of 
major histocompatibility molecules are MHC I  and MHC 
II.  MHC I molecules are located on every nucleated cell 
in the body and are predominantly responsible for the rec-
ognition of endogenous proteins expressed from within 
the cell. MHC II molecules are located on specialized cell 
types, including macrophages, dendritic cells, and B cells, 
for the presentation of extracellular molecules or exogenous 
proteins.

In summary, the host presents a spectrum of challenges to 
invading microorganisms, from physical barriers, including the 
skin and mucous membranes, to the interactive cellular and 
biochemical components of in�ammation and the immune 
system. All these systems work together to minimize microbial 
invasion and prevent damage to vital tissues and organs result-
ing from the presence of infectious agents.�
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The Microorganism’s Perspective

Given the complexities of the human host’s defense systems, 
it is no wonder that microbial strategies designed to survive 
these systems are equally complex.

Colonization and Infection
Many surfaces on the human body are colonized with a wide 
variety of microorganisms or microbiota without apparent 
detriment. In contrast, an infection involves the growth and 
multiplication of microorganisms that result in damage to 
the host. �e extent and severity of the damage depend on 
many factors, including the microorganism’s ability to cause 
disease, the site of the infection, and the general health of 
the individual infected. Disease results when the infection 
produces notable changes in human physiology associated 
with damage or loss of function to one or more of the body’s 
organ systems.�

Pathogens and Virulence
Microorganisms that cause infections or disease are con-
sidered pathogens, and the characteristics that enable 

them to cause disease are referred to as virulence factors. 
Most virulence factors protect the organism against host 
attack or mediate damaging e�ects on host cells. �e terms 
pathogenicity and virulence re�ect the degree to which 
a microorganism is capable of causing disease. Pathoge-
nicity speci�cally refers to the organism’s ability to cause 
disease, whereas virulence refers to the measure or degree 
of pathogenicity of an organism. An organism of high 
pathogenicity is very likely to cause disease, whereas an 
organism of low pathogenicity is much less likely to cause 
infection. When disease does occur, highly virulent organ-
isms often severely damage the human host. �e degree 
of severity decreases with diminishing virulence of the 
microorganism.

Because host factors play a role in the development of 
infectious diseases, the distinction between a pathogenic 
and nonpathogenic organism and colonizer is not always 
clear. For example, many organisms that colonize the skin 
usually do not cause disease (i.e., exhibit low pathogenicity) 
under normal circumstances. However, when damage to the 
skin occurs (Box 3.3) or when the skin is disrupted in some 
other way, these organisms can gain access to deeper tissues 
and establish an infection.

Organisms that cause infection when one or more of the 
host’s defense mechanisms are disrupted or malfunction 
are known as opportunistic pathogens, and the infections 
they cause are referred to as opportunistic infections. On 
the other hand, several pathogens known to cause serious 
infections can be part of an individual’s microbiome (i.e., 
carriers) and never cause disease. However, the same organ-
ism can cause life-threatening infection when transmitted 
to other individuals. �e reasons for these inconsistencies 
are not fully understood, but such widely di�erent results 
undoubtedly involve complex interactions between micro-
organism and human. Recognizing and separating a patho-
genic from a nonpathogenic organism present one of the 
greatest challenges in interpreting diagnostic microbiology 
laboratory results.�

Microbial Virulence Factors
Virulence factors provide microorganisms with the capacity 
to avoid host defenses and damage host cells, tissues, and 
organs in a number of ways. Some virulence factors are spe-
ci�c for certain pathogenic genera, species, or strains of a 
microorganism, and substantial di�erences exist in the way 
bacteria, viruses, parasites, and fungi cause disease. Knowl-
edge of a microorganism’s capacity to cause speci�c types of 
infections plays a major role in the development of diagnos-
tic microbiology procedures used for isolating and identi-
fying microorganisms. (See Part VII for more information 
regarding diagnosis by organ system.)

Attachment
Whether humans encounter microorganisms in the air, 
through ingestion, or by direct contact, the �rst step of 
infection and disease development, a process referred to 
as pathogenesis, is microbial attachment to a surface 

AntigensAntigen receptor

or

T lymphocytes
- Helper T cells
- Cytotoxic T cells

Activation

Antigen-presenting cells
- Macrophages
- B lymphocytes
- Dendritic cells

Activated helper T cells:
     - Increased in number
     - Release cytokines that stimulate activities
       of phagocytes, natural killer cells, and other
       components of inflammation
     - Assist B cells in antibody production
       (Fig. 3.9)

Activated cytotoxic T cells:
     - Increased in number
     - Target and destroy host cells that are infected
       with microorganisms

�t Fig. �.�   Overview of T-cell activation, which is central to cell-mediated 
immunity.
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Avoid Killing by Phagocytes (Polymorphonuclear 
Leukocytes)
���t�� ��1�S�P�E�V�D�J�O�H �B �D�B�Q�T�V�M�F�
 �U�I�F�S�F�C�Z �J�O�I�J�C�J�U�J�O�H �Q�I�B�H�P�D�Z�U�F�T�� �B�C�J�M�J�U�Z 

to ingest them
���t�� ��"�O�U�J�H�F�O�J�D �W�B�S�J�B�U�J�P�O�
 �D�I�B�O�H�J�O�H �T�V�S�G�B�D�F �B�O�U�J�H�F�O�T �U�P �M�J�N�J�U �U�I�F 

number of cells recognized by the immune system�

Avoid Phagocyte-Mediated Killing
���t�� ��*�O�I�J�C�J�U�J�O�H �Q�I�B�H�P�T�P�N�F���M�Z�T�P�T�P�N�F �G�V�T�J�P�O
���t�� ��#�F�J�O�H �S�F�T�J�T�U�B�O�U �U�P �E�F�T�U�S�V�D�U�J�W�F �B�H�F�O�U�T �	�F���H���
 �M�Z�T�P�[�Z�N�F�
 

released by lysosomes
���t�� ��"�D�U�J�W�F�M�Z �B�O�E �S�B�Q�J�E�M�Z �N�V�M�U�J�Q�M�Z�J�O�H �X�J�U�I�J�O �B �Q�I�B�H�P�D�Z�U�F
���t�� ��3�F�M�F�B�T�J�O�H �U�P�Y�J�O�T �B�O�E �F�O�[�Z�N�F�T �U�I�B�U �E�B�N�B�H�F �P�S �L�J�M�M 

phagocytes�

Avoid Effects of the Complement System
���t�� ��6�T�J�O�H �B �D�B�Q�T�V�M�F �U�P �I�J�E�F �T�V�S�G�B�D�F �N�P�M�F�D�V�M�F�T �U�I�B�U �X�P�V�M�E 

otherwise activate the complement system, including the 
�G�P�S�N�B�U�J�P�O �P�G �B �D�P�N�Q�M�F�Y �Q�S�P�U�F�J�O �Q�P�M�Z�T�B�D�D�I�B�S�J�E�F �N�B�U�S�J�Y 
�	�C�J�P�m�M�N�


���t�� ��1�S�P�E�V�D�J�O�H �T�V�C�T�U�B�O�D�F�T �U�I�B�U �J�O�I�J�C�J�U �U�I�F �Q�S�P�D�F�T�T�F�T �J�O�W�P�M�W�F�E �J�O 
complement activation

���t�� ��1�S�P�E�V�D�J�O�H �T�V�C�T�U�B�O�D�F�T �U�I�B�U �E�F�T�U�S�P�Z �T�Q�F�D�J�m�D �D�P�N�Q�M�F�N�F�O�U 
proteins
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(exceptions being instances in which the organisms are 
directly introduced by trauma or other means into deeper 
tissues).

Many of the microbial factors that facilitate attachment 
of pathogens are the same as those used by nonpathogenic 
colonizers (Box 3.2). Most pathogenic organisms are not 
part of the normal human microbiota, and attachment to 
the host requires that they outcompete the microbiota for a 
place on the body’s surface. Medical interventions, such as 
the overuse of antimicrobial agents, result in the destruction 
of the normal microbiota, creating a competitive advantage 
for the invading pathogenic organism.�

Invasion
Once surface attachment has been secured, microbial inva-
sion into subsurface tissues and organs (i.e., infection) is 
accomplished by disruption of the skin and mucosal surfaces 
by several mechanisms (Box 3.3) or by the direct action of an 
organism’s virulence factors. Some microorganisms produce 
factors that force mucosal surface phagocytes (M cells) to 
ingest them and then release them unharmed into the tissue 
below the surface. Other organisms, such as staphylococci 
and streptococci, are not so subtle. �ese organisms pro-
duce an array of enzymes (e.g., hyaluronidases, nucleases, 
collagenases) that hydrolyze host proteins and nucleic acids, 
destroying host cells and tissues. �is destruction allows the 
pathogen to “burrow” through minor openings in the outer 
surface of the skin and into deeper tissues. Once a patho-
gen has penetrated the body, it uses a variety of strategies 
to survive attack by the host’s in�ammatory and immune 
responses. Alternatively, some pathogens cause disease at the 
site of attachment without further penetration. For exam-
ple, in diseases such as diphtheria and whooping cough, the 
bacteria produce toxic substances that destroy surrounding 
tissues. �e organisms generally do not penetrate the muco-
sal surface they inhabit.�

Survival Against In�ammation
If a pathogen is to survive, the action of the phagocytes 
and the complement components of in�ammation must 
be avoided or controlled (Box 3.5). Some organisms, such 
as Streptococcus pneumoniae, a common cause of bacterial 
pneumonia and meningitis, avoid phagocytosis by produc-
ing a large capsule that inhibits the phagocytic process. 
Other pathogens may not be able to avoid phagocytosis but 
are not e�ectively destroyed once internalized and are able 
to survive within phagocytes. �is is the case for Mycobac-
terium tuberculosis, the bacterium that causes tuberculosis. 
Still other pathogens use toxins and enzymes to attack and 
destroy phagocytes before the phagocytes attack and destroy 
them.

�e defenses o�ered by the complement system depend 
on a series of biochemical reactions triggered by speci�c 
microorganism molecular structures. �erefore microbial 
avoidance of complement activation requires that the infect-
ing agent either mask its activating molecules (e.g., via pro-
duction of a capsule that covers bacterial surface antigens) 

or produce substances (e.g., enzymes) that disrupt critical 
biochemical components of the complement pathway.

Any single microorganism may possess numerous viru-
lence factors, and several may be expressed simultaneously. 
For example, while trying to avoid phagocytosis, an organ-
ism may also secrete other enzymes and toxins that destroy 
and penetrate tissue and produce other factors designed to 
interfere with the immune response. Microorganisms may 
also use host systems to their own advantage. For example, 
the lymphatic and circulatory systems used to carry mono-
cytes and lymphocytes to the site of infection may serve to 
disperse the organism throughout the body.�

Survival Against the Immune System
Microbial strategies to avoid the defenses of the immune 
system are outlined in Box 3.6. Again, a pathogen can use 
more than one strategy to avoid immune-mediated defenses, 
and microbial survival does not necessarily require devasta-
tion of the immune system. �e pathogen may merely need 
to “buy” time to reach a safe area in the body or to be trans-
ferred to the next susceptible host. In addition, microorgan-
isms can avoid much of the immune response if they do not 
penetrate the surface layers of the body. �is strategy is the 
hallmark of diseases caused by microbial toxins.�

Microbial Toxins
Toxins are biochemically active substances released by micro-
organisms that have a particular e�ect on host cells. Micro-
organisms use toxins to establish infections and multiply 
within the host. Alternatively, a pathogen may be restricted to 
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a particular body site from which toxins are released to cause 
systemic damage throughout the body. Toxins also can cause 
human disease in the absence of the pathogens that produced 
them. �is common mechanism of food poisoning involves 
ingestion of preformed bacterial toxins (present in the food 
at the time of ingestion) and is referred to as intoxication, a 
notable example of which is botulism.

Endotoxin and exotoxin are the two general types of 
bacterial toxins (Box 3.7). Endotoxin is a component of the 
cellular structure of gram-negative bacteria and can have 

devastating e�ects on the body’s metabolism, the most seri-
ous being endotoxic shock, which often results in death. 
�e e�ects of exotoxins produced by gram-positive bacte-
ria tend to be more limited and speci�c than the e�ects of 
gram-negative endotoxin. �e activities of exotoxins range 
from enzymes produced by many staphylococci and strep-
tococci that augment bacterial invasion by damaging host 
tissues and cells to highly speci�c activities (e.g., diphtheria 
toxin inhibits protein synthesis, and cholera toxin interferes 
with host cell signals). Examples of other highly active and 
speci�c toxins are those that cause botulism and tetanus by 
interfering with neuromuscular functions.�

Genetics of Virulence: Pathogenicity Islands
Many virulence factors are encoded in genomic regions of 
pathogens known as pathogenicity islands (PAIs). �ese 
mobile genetic elements contribute to the change and 
spread of virulence factors among bacterial populations of 
a variety of species. �ese genetic elements are believed to 
have evolved from lysogenic bacteriophages and plasmids 
and are spread by horizontal gene transfer (see Chapter 2 for 
information about bacterial genetics). PAIs typically com-
prise one or more virulence-associated genes and “mobil-
ity” genes (i.e., integrases and transposases) that mediate 
movement between various genetic elements (e.g., plasmids 
and chromosomes) and among di�erent bacterial strains. 
In essence, PAIs facilitate the dissemination of virulence 
capabilities among bacteria in a manner similar to the 
mechanism diagramed in Fig. 2.10; this also facilitates dis-
semination of antimicrobial resistance genes (Chapter 10). 
PAIs are widely disseminated among medically important 
bacteria. For example, PAIs have been identi�ed as playing a 
role in virulence for each of the following organisms:

Helicobacter pylori
Pseudomonas aeruginosa
Shigella spp.
Yersinia spp.
Vibrio cholerae
Salmonella spp.
Escherichia coli (enteropathogenic, enterohemorrhagic or 

serotoxigenic, verotoxigenic, uropathogenic, entero-
toxigenic, enteroinvasive, enteroaggregative, meningi-
tis-sepsis associated; Chapter 19)

Neisseria spp.
Bacteroides fragilis
Listeria monocytogenes
Staphylococcus aureus
Streptococcus spp.
Enterococcus faecalis
Clostridioides di�cile

Bio�lm Formation
Microorganisms typically exist as a group or community 
of organisms capable of adhering to each other or to other 
surfaces. A variety of bacterial pathogens, along with other 
microorganisms, are capable of forming bio�lms, such as 
S. aureus, P. aeruginosa, Aggregatibacter spp., Salmonella spp., 

���t�� ��3�B�Q�J�E �J�O�W�B�T�J�P�O �B�O�E �N�V�M�U�J�Q�M�J�D�B�U�J�P�O �S�F�T�V�M�U�J�O�H �J�O �E�B�N�B�H�F 
to the host before the immune response can be fully 
activated, or organism’s virulence is so great that the 
�J�N�N�V�O�F �S�F�T�Q�P�O�T�F �J�T �J�O�T�V�G�m�D�J�F�O�U

���t�� ��*�O�W�B�T�J�P�O �B�O�E �E�F�T�U�S�V�D�U�J�P�O �P�G �D�F�M�M�T �J�O�W�P�M�W�F�E �J�O �U�I�F �J�N�N�V�O�F 
response

���t�� ��4�V�S�W�J�W�B�M �J�O �I�P�T�U �D�F�M�M�T �B�O�E �B�W�P�J�E�J�O�H �E�F�U�F�D�U�J�P�O �C�Z �U�I�F �J�N�N�V�O�F 
system

���t�� ��.�B�T�L�J�O�H �U�I�F �P�S�H�B�O�J�T�N���T �B�O�U�J�H�F�O�T �X�J�U�I �B �D�B�Q�T�V�M�F �P�S �C�J�P�m�M�N 
so that an immune response is not activated

���t�� ��"�M�U�F�S�J�O�H �U�I�F �F�Y�Q�S�F�T�T�J�P�O �B�O�E �Q�S�F�T�F�O�U�B�U�J�P�O �P�G �B�O�U�J�H�F�O�T �T�P 
�U�I�B�U �U�I�F �J�N�N�V�O�F �T�Z�T�U�F�N �J�T �D�P�O�T�U�B�O�U�M�Z �m�H�I�U�J�O�H �B �Q�S�J�N�B�S�Z 
encounter (i.e., the memory of the immune system is 
neutralized)

���t�� ��1�S�P�E�V�D�U�J�P�O �P�G �F�O�[�Z�N�F�T �	�Q�S�P�U�F�B�T�F�T�
 �U�I�B�U �E�J�S�F�D�U�M�Z �E�F�T�U�S�P�Z �P�S 
inactivate antibodies
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Endotoxins
���t�� ��(�F�O�F�S�B�M �U�P�Y�J�O �D�P�N�N�P�O �U�P �B�M�N�P�T�U �B�M�M �H�S�B�N���O�F�H�B�U�J�W�F �C�B�D�U�F�S�J�B
���t�� ��$�P�N�Q�P�T�F�E �P�G �U�I�F �M�J�Q�P�Q�P�M�Z�T�B�D�D�I�B�S�J�E�F �Q�P�S�U�J�P�O �P�G �D�F�M�M 

envelope
���t�� ��3�F�M�F�B�T�F�E �X�I�F�O �B �H�S�B�N���O�F�H�B�U�J�W�F �C�B�D�U�F�S�J�B�M �D�F�M�M �J�T �E�F�T�U�S�P�Z�F�E
�� �t�� ��&�G�G�F�D�U�T �P�O �I�P�T�U �J�O�D�M�V�E�F��
�� �t�� ��%�J�T�S�V�Q�U�J�P�O �P�G �D�M�P�U�U�J�O�H�
 �D�B�V�T�J�O�H �D�M�P�U�T �U�P �G�P�S�N 

throughout the body (i.e., disseminated intravascular 
�D�P�B�H�V�M�B�U�J�P�O �<�%�*�$�>�


�� �t�� ��'�F�W�F�S
�� �t�� ��"�D�U�J�W�B�U�J�P�O �P�G �D�P�N�Q�M�F�N�F�O�U �B�O�E �J�N�N�V�O�F �T�Z�T�U�F�N�T
�� �t�� ��$�J�S�D�V�M�B�U�P�S�Z �D�I�B�O�H�F�T �U�I�B�U �M�F�B�E �U�P �I�Z�Q�P�U�F�O�T�J�P�O�
 �T�I�P�D�L�
 

and death�

Exotoxins
���t�� ��.�P�T�U �D�P�N�N�P�O�M�Z �B�T�T�P�D�J�B�U�F�E �X�J�U�I �H�S�B�N���Q�P�T�J�U�J�W�F �C�B�D�U�F�S�J�B
���t�� ��1�S�P�E�V�D�F�E �B�O�E �S�F�M�F�B�T�F�E �C�Z �M�J�W�J�O�H �C�B�D�U�F�S�J�B�� �E�P �O�P�U �S�F�R�V�J�S�F 

bacterial death for release
���t�� ��4�Q�F�D�J�m�D �U�P�Y�J�O�T �U�B�S�H�F�U �T�Q�F�D�J�m�D �I�P�T�U �D�F�M�M�T�� �U�I�F �U�Z�Q�F �P�G �U�P�Y�J�O 

varies with the bacterial species
���t�� ��4�P�N�F �L�J�M�M �I�P�T�U �D�F�M�M�T �B�O�E �I�F�M�Q �T�Q�S�F�B�E �C�B�D�U�F�S�J�B �J�O �U�J�T�T�V�F�T 

(e.g., enzymes that destroy key biochemical tissue 
�D�P�N�Q�P�O�F�O�U�T �P�S �T�Q�F�D�J�m�D�B�M�M�Z �E�F�T�U�S�P�Z �I�P�T�U �D�F�M�M �N�F�N�C�S�B�O�F�T�


���t�� ��4�P�N�F �E�F�T�U�S�P�Z �P�S �J�O�U�F�S�G�F�S�F �X�J�U�I �T�Q�F�D�J�m�D �J�O�U�S�B�D�F�M�M�V�M�B�S 
activities (e.g., interruption of protein synthesis, interruption 
of internal cell signals, or interruption of the neuromuscular 
system)

	  �’ BOX 3.7 	 	� Summary of Bacterial Toxins
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Citrobacter koseri, and Candida albicans. A bio�lm is an 
accumulation of microorganisms embedded in a complex 
matrix composed of proteins, polysaccharides, extracellular 
DNA (eDNA), and other molecules. Pathogenic microor-
ganisms use the formation of bio�lm to adhere to implants 
and prosthetic devices. For example, health care–related 
infections with Staphylococcus spp. (Fig. 3.9) associated with 
implants have become more prevalent. Bio�lm-forming 
strains have a much more complex antibiotic resistance pro-
�le, indicating failure of the antibiotic to penetrate the poly-
saccharide layer. In addition, some of the cells in a sessile 
or stationary bio�lm may experience nutrient deprivation 
and therefore exist in a slow-growing or starved state (i.e., 
persister cells), displaying reduced susceptibility to anti-
microbial agents. �ese organisms also have demonstrated 
a di�erential gene expression compared with their plank-
tonic or free-�oating counterparts. �e bio�lm-forming 
communities are able to adapt and respond to changes in 
their environment, similar to a multicellular organism.

Bio�lms may form from the accumulation of a single micro-
organism (monomicrobic aggregation) or from the accumu-
lation of numerous species (polymicrobic aggregation). �e 
initial stage in bio�lm formation begins with the synthesis of 

an extracellular polymer matrix accompanied by aggregation 
and recognition. �is process is facilitated by the formation of 
polysaccharides, proteins, and eDNA. �e formation of the 
bio�lm protects the organism from desiccation, forms a barrier 
against toxic compounds, and prevents the loss of protective 
organic and inorganic molecules. Once the initial bio�lm has 
developed, a process of maturation of the bio�lm occurs, which 
takes approximately 4 to 6 hours, depending on the growth 
rate of the microorganism. �is includes the complex forma-
tion of a three-dimensional architecture, including pores and 
channels within the polymer matrix. During bio�lm accumu-
lation, the cells reach a critical mass that result in the alteration 
in metabolism and gene expression in the persister cells. �is is 
accomplished through a mechanism of signaling between cells 
or organisms through chemical signals or inducer molecules, 
such as acyl homoserine lactone (AHL) in gram-negative bac-
teria or oligopeptides in gram-positive bacteria. �ese signals 
are capable of interspecies and intraspecies communication. 
In addition, the formation of a complex polymicrobial bio-
�lm provides favorable conditions for the exchange of genetic 
information and horizontal gene transfer. Fig. 3.10 provides an 
overview of bio�lm formation, maturation, and seeding that 
results in further dissemination and infection.

(1) Attachment

Blood flow

Gram-positive cocci Persister cells EPS
(extracellular
polysaccharide)

eDNAPseudohyphae

Blood vessel

EPS EPS

Surface-epithelial cells

(2) Cell to cell adhesion 
with yeast pseudohyphae 
and epithelial cells

(3) Production of 
extracellular polysaccha-
ride and proliferation

(4) Some cells near the 
biofilm surface are 
released. Some will lyse 
releasing DNA –– 
available to recombine 
with persister cells

(5) Release 
of bacteria

�t Fig. �.��  �0�W�F�S�W�J�F�X �P�G �C�J�P�m�M�N �G�P�S�N�B�U�J�P�O�
 �N�B�U�V�S�B�U�J�P�O�
 �B�O�E �E�J�T�T�F�N�J�O�B�U�J�P�O �P�G �J�O�G�F�D�U�J�P�O��

A B

�t Fig. �.�  �	�"�
 �#�J�P�m�M�N �G�P�S�N�J�O�H �J�T�P�M�B�U�F �P�G Staphylococcus aureus �D�V�M�U�J�W�B�U�F�E �P�O �$�P�O�H�P �S�F�E �B�H�B�S�� �#�J�P�m�M�N �Q�S�P-
�E�V�D�U�J�P�O �S�F�T�V�M�U�T �J�O �U�I�F �G�P�S�N�B�U�J�P�O �P�G �B �C�M�B�D�L �Q�S�F�D�J�Q�J�U�B�U�F�� �	�#�
 �/�P�O�o�C�J�P�m�M�N���Q�S�P�E�V�D�J�O�H �T�U�S�B�J�O �P�G S. aureus culti-
vated on Congo red agar.
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Microbial bio�lm formation is important to many disciplines, 
including environmental science, industry, and public health. 
Bio�lm formation a�ects the e�cient treatment of wastewater; 
it is essential for the e�ective production of beer, which requires 
aggregation of yeast cells; and it a�ects bioremediation for toxic 
substances such as oil. It has been reported that approximately 
65% of hospital-associated infections are associated with bio�lm 
formation. Box 3.8 provides an overview of pathogenic organ-
isms associated with bio�lm formation in human infections.�

Outcome and Prevention of Infectious 
Diseases

Outcome of Infectious Diseases

Given the complexities of host defenses and microbial 
virulence, it is not surprising that the factors determining 

outcome between these two living entities are also compli-
cated. Outcome depends on the state of the host’s health, 
the virulence of the pathogen, and whether the host can 
clear the pathogen before infection and disease cause irrepa-
rable harm or death (Fig. 3.11).

�e time from exposure to an infectious agent and the 
development of a disease or infection depends on host 
and microbial factors. Infectious processes that develop 
quickly are referred to as acute infections, and those that 
develop and progress slowly, sometimes over a period of 
years, are known as chronic infections. Some pathogens, 
particularly certain viruses, can be clinically silent inside 
the body without any noticeable e�ect on the host before 
suddenly causing a severe and acute infection. During 
the silent phase, the infection is said to be latent. Again, 
depending on host and microbial factors, acute, chronic, 
or latent infections can result in any of the outcomes 
detailed in Fig. 3.11.

Medical intervention can help the host to fight the 
infection but usually is not instituted until after the 
host is aware that an infectious process is underway. 
The clues that an infection is occurring are known as 
the signs and symptoms of disease and result from host 
responses (e.g., inflammatory and immune responses) 
to the action of microbial virulence factors (Box 3.9). 
Signs are measurable indications or physical observa-
tions, such as an increase in body temperature (fever) 
or the development of a rash or swelling. Symptoms 
are indictors as described by the patient, such as head-
ache, aches, fatigue, and nausea. The signs and symp-
toms reflect the stages of infection. In turn, the stages 
of infection generally reflect the stages in host-microor-
ganism interactions (Fig. 3.12).

Whether medical procedures contribute to controlling or 
clearing an infection depends on key factors, including:
���t����h�F �T�F�W�F�S�J�U�Z �P�G �U�I�F �J�O�G�F�D�U�J�P�O�
 �X�I�J�D�I �J�T �E�F�U�F�S�N�J�O�F�E �C�Z �U�I�F 

host and microbial interactions already discussed
���t����"�D�D�V�S�B�D�Z �J�O �E�J�B�H�O�P�T�J�O�H �U�I�F �Q�B�U�I�P�H�F�O �P�S �Q�B�U�I�P�H�F�O�T �D�B�V�T-

ing the infection

Host factors:
-  General state of health
-  Integrity of surface defenses
-  Capacity for inflammatory
   and immune response
-  Level of immunity
-  Impact of medical intervention

Microbial factors:
-  Level of virulence
-  Number of organisms introduced
   into host
-  Body sites pathogen targets for
   invasion

Restoration of host
to health with

residual effects

Survival with host’s
health severely compromised

DeathRestoration of host
to complete health

Full spectrum of outcomes

Potential
outcome

�t Fig. �.��  �1�P�T�T�J�C�M�F �P�V�U�D�P�N�F�T �P�G �J�O�G�F�D�U�J�P�O�T �B�O�E �J�O�G�F�D�U�J�P�V�T �E�J�T�F�B�T�F�T��

These pathogenic organisms have been associated with 
�C�J�P�m�M�N �G�P�S�N�B�U�J�P�O �J�O �I�V�N�B�O �J�O�G�F�D�U�J�P�O�T��

���t�� �Acinetobacter spp.
���t�� �Aeromonas spp.
���t�� �Candida albicans
���t�� �Citrobacter spp.
���t�� ��$�P�B�H�V�M�B�T�F���O�F�H�B�U�J�W�F �T�U�B�Q�I�Z�M�P�D�P�D�D�J
���t�� �Cronobacter spp.
���t�� �Enterobacter spp.
���t�� �Enterococcus spp.
���t�� �Escherichia coli
���t�� �Klebsiella spp.
���t�� �Listeria monocytogenes
���t�� �Proteus spp.
���t�� �Pseudomonas aeruginosa
���t�� �Serratia spp.
���t�� �Staphylococcus aureus
���t�� �Streptococcus spp.
���t�� �Listeria monocytogenes

�/�P�U �J�O�U�F�O�E�F�E �U�P �C�F �B�O �B�M�M���J�O�D�M�V�T�J�W�F �M�J�T�U��

	  �’ BOX 3.8 	 	� Bio�lms and Human Infections
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���t�� ��(�F�O�F�S�B�M �P�S �M�P�D�B�M�J�[�F�E �B�D�I�F�T �B�O�E �Q�B�J�O�T
���t�� ��)�F�B�E�B�D�I�F
���t�� ��'�F�W�F�S
���t�� ��'�B�U�J�H�V�F
���t�� ��4�X�P�M�M�F�O �M�Z�N�Q�I �O�P�E�F�T
���t�� ��3�B�T�I�F�T
���t�� ��3�F�E�O�F�T�T �B�O�E �T�X�F�M�M�J�O�H
���t�� ��$�P�V�H�I �B�O�E �T�O�F�F�[�F�T
���t�� ��$�P�O�H�F�T�U�J�P�O �P�G �O�B�T�B�M �B�O�E �T�J�O�V�T �Q�B�T�T�B�H�F�T
���t�� ��4�P�S�F �U�I�S�P�B�U
���t�� ��/�B�V�T�F�B �B�O�E �W�P�N�J�U�J�O�H
���t�� ��%�J�B�S�S�I�F�B

	  �’ BOX 3.9 	 	� Signs and Symptoms of Infection and 
Infectious Diseases

Encounter
and entr y

Colonization
and entr y

Invasion and
dissemination Outcome
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and breaches host
surface defenses

Pathogen invades deeper
tissues and disseminates,
encounters inflammatory
and immune responses

Pathogen completes
cycle:
— Leaves host
— Destroys host
— Remains in latent state
— Is destroyed by host

Incubation
stage

Prodr omal
stage

Clinical
stage

Stage of
 decl ine

No signs or
symptoms

First signs and
symptoms,

pathogen may
be highly

communicable

Peak of
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signs and symptoms
of infection or

disease

Condition of host
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possibly to death
or signs and

symptoms begin to
subside as host

condition improves

Conv alescent
stage

Host-micr oor ganism interactions

Corresponding infection-disease stage s

Full recovery of
surviving host

or chronic infection
develops, or death

�t Fig. �.��   Host-microorganism interactions and stages of infection or disease.

���t����8�I�F�U�I�F�S �U�I�F �Q�B�U�J�F�O�U �S�F�D�F�J�W�F�T �B�Q�Q�S�P�Q�S�J�B�U�F �U�S�F�B�U�N�F�O�U �G�P�S 
the infection (which depends on accurate diagnosis)�

Prevention of Infectious Diseases

�e treatment of an infection is often di�cult and not 
always successful. Because much of the damage may already 
have been done before appropriate medical intervention is 
provided, the microorganisms gain too much of a “head 
start.” Another strategy for combating infectious diseases 
is to stop infections before they start (i.e., disease preven-
tion). As discussed at the beginning of this chapter, the �rst 
step in any host-microorganism relationship is the encoun-
ter and exposure to the infectious agent. �erefore, strate-
gies to prevent disease involve interrupting or minimizing 
the risk of infection when exposures occur. As outlined in 
Box 3.10, interruption of encounters may be accomplished 

by preventing transmission of the infecting agents and by 
controlling or destroying reservoirs of human pathogens. 
Interestingly, most of these measures do not really involve 
medical practices but rather social practices and policies.

Immunization
Medical strategies exist for minimizing the risk of dis-
ease development when exposure to infectious agents 
occurs. One of the most effective methods is vaccina-
tion, also referred to as immunization. This practice 

Preventing Transmission
���t�� ��"�W�P�J�E �E�J�S�F�D�U �D�P�O�U�B�D�U �X�J�U�I �J�O�G�F�D�U�F�E �Q�F�S�T�P�O�T �P�S �U�B�L�F 

protective measures when direct contact will occur (e.g., 
wear gloves, wear condoms).

���t�� ��#�M�P�D�L �U�I�F �T�Q�S�F�B�E �P�G �B�J�S�C�P�S�O�F �N�J�D�S�P�P�S�H�B�O�J�T�N�T �C�Z �X�F�B�S�J�O�H 
masks or isolating persons with infections transmitted by 
air.

���t�� ��6�T�F �T�U�F�S�J�M�F �N�F�E�J�D�B�M �U�F�D�I�O�J�R�V�F�T���

Controlling Microbial Reservoirs
���t�� ��4�B�O�J�U�B�U�J�P�O �B�O�E �E�J�T�J�O�G�F�D�U�J�P�O
���t�� ��4�F�X�B�H�F �U�S�F�B�U�N�F�O�U
���t�� ��'�P�P�E �Q�S�F�T�F�S�W�B�U�J�P�O
���t�� ��8�B�U�F�S �U�S�F�B�U�N�F�O�U
���t�� ��$�P�O�U�S�P�M �P�G �Q�F�T�U�T �B�O�E �J�O�T�F�D�U �W�F�D�U�P�S �Q�P�Q�V�M�B�U�J�P�O�T�

Minimizing Risk Before or Shortly After Exposure
���t�� ��*�N�N�V�O�J�[�B�U�J�P�O �P�S �W�B�D�D�J�O�B�U�J�P�O
���t�� ��$�M�F�B�O�T�J�O�H �B�O�E �V�T�F �P�G �B�O�U�J�T�F�Q�U�J�D�T
���t�� ��1�S�P�Q�I�Z�M�B�D�U�J�D �V�T�F �P�G �B�O�U�J�N�J�D�S�P�C�J�B�M �B�H�F�O�U�T
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takes advantage of the specificity and memory of the 
immune system. The two basic approaches to immuni-
zation are active immunization and passive immuni-
zation. With active immunization, modified antigens 
from pathogenic microorganisms are introduced into the 
body and cause an immune response. If or when the host 
encounters the pathogen in nature, the memory of the 
immune system ensures minimal delay in the immune 
response, thus affording strong protection. With passive 
immunization, antibodies against a particular pathogen 
that have been produced in one host are transferred to a 
second host, where they provide temporary protection. 
The passage of maternal antibodies to the newborn is 
a key example of natural passive immunization. Active 
immunity is generally longer lasting, because the immu-
nized host’s own immune response has been activated. 
However, for complex reasons, naturally acquired active 
immunity has had limited success for relatively few 
infectious diseases, necessitating the development of 
vaccines. Successful immunization has proven effective 
against many infectious diseases, including diphtheria, 
whooping cough (pertussis), tetanus, influenza, polio, 
smallpox, measles, hepatitis, and certain S. pneumoniae 
and Haemophilus influenzae infections.

Prophylactic antimicrobial therapy, the administration 
of antibiotics when the risk of developing an infection is 
high, is another common medical intervention for prevent-
ing infection.�

Epidemiology
To prevent infectious diseases, information is required 
regarding the sources of pathogens, the mode of trans-
mission to and among humans, human risk factors for 
encountering the pathogen and developing infection, and 
factors that contribute to good and bad outcomes result-
ing from the exposure. Epidemiology is the science that 
characterizes these aspects of infectious diseases and moni-
tors the e�ect diseases have on public health. Fully charac-
terizing the circumstances associated with the acquisition 
and dissemination of infectious diseases gives researchers a 
better chance of preventing and eliminating the diseases. 
In addition, many epidemiologic strategies developed for 
use in public health systems also apply in long-term care 
facilities (e.g., nursing homes, hospitals, assisted-living 
centers) for the control of HAI infections (i.e., nosocomial 
infections; for more information on infection control, see 
Chapter 79).

�e �eld of epidemiology is broad and complex. Diag-
nostic microbiology laboratory personnel and epidemiolo-
gists often work closely to investigate problems. Familiarity 
with certain epidemiologic terms and concepts is important 
(Box 3.1).

Because the central focus of epidemiology is on 
tracking and characterizing infections and infectious 
diseases, this field depends heavily on diagnostic 
microbiology. Epidemiologic investigations cannot 
proceed unless researchers first know the etiologic or 

causative agents. Therefore the procedures and pro-
tocols used in diagnostic microbiology to detect, iso-
late, and characterize human pathogens are essential 
for patient care and also play a central role in epide-
miologic studies focused on disease prevention and the 
general improvement of public health. In fact, micro-
biologists who work in clinical laboratories are often 
the first to recognize patterns that suggest potential 
outbreaks or epidemics.

 Visit the Evolve site for a complete list of procedures, 
review questions, and case studies.
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Chapter Review
	 1.	� An infection acquired from working with an animal 

reservoir is:
	 a.	� Acquired from a vehicle
	 b.	� Transmitted by a vector
	 c.	� A zoonotic infection
	 d.	� An example of indirect transmission
	 2.	� Which of the following is considered an indirect mode 

of transmission?
	 a.	� A cut with a dirty knife
	 b.	� Ingesting contaminated potato salad
	 c.	� Inhaling a droplet containing a bacterium
	 d.	� Drinking water from a contaminated source
	 3.	� Nonspeci�c immunity includes all of the following 

except:
	 a.	� In�ammation
	 b.	� Phagocytosis by neutrophils
	 c.	� B-cell activation to produce antibodies
	 d.	� Resident normal microbiota
	 4.	� Humoral immunity:
	 a.	� Is activated for all infectious agents
	 b.	� Is speci�c for any organism
	 c.	� Is speci�cally targeted to an antigen
	 d.	� Provides a broad immune response to any 

microorganism
	 5.	� Bacterial endotoxins are:
	 a.	� All the same
	 b.	� Part of the gram-negative cell wall
	 c.	� Capable of causing a systemic shock response
	 d.	� All of the above
	 6.	� A sign is di�erent from a symptom in all of the follow-

ing ways except:
	 a.	� It provides measurable data.
	 b.	� It is believed to be associated with the etiology of 

the disease.
	 c.	� It is clearly visible.
	 d.	� It includes the temperature, respiratory rate, and pulse.

	 7.	� A short-lived infection that manifests with a short incu-
bation period and serious illness is considered to be:

	 a.	� Persistent
	 b.	� Chronic
	 c.	� Latent
	 d.	� Acute
	 8.	� A microorganism that colonizes the skin but is capable 

of causing infection under the appropriate conditions 
is referred to as:

	 a.	� A pathogenic organism
	 b.	� An opportunistic pathogen
	 c.	� Normal microbiota
	 d.	� A nosocomial pathogen
	 9.	� All of the following are involved in humoral immunity 

except:
	 a.	� Cytotoxic T cells
	 b.	� Complement proteins
	 c.	� Plasma cells
	 d.	� Glycoproteins
	10.	� Microorganisms that live in or on the human body 

without causing damage include:
	 a.	� Colonizers
	 b.	� Normal �ora
	 c.	� Microbiota
	 d.	� Human microbiome
	 e.	� All of the above
	11.	� Bio�lm formation within a host results in:
	 a.	� Easy clearance of bacterial pathogens
	 b.	� Availability of organic nutrients to the host
	 c.	� Inability of the immune system to remove the 

pathogen
	 d.	� Starvation of the microorganisms

An 8-year-old boy presents to the emergency department 
(ED) with right upper abdominal pain associated with vomiting, 
headache, and fever. The boy had been seen in the ED 
�B�Q�Q�S�P�Y�J�N�B�U�F�M�Z ������ �N�P�O�U�I�T �Q�S�F�W�J�P�V�T�M�Z �G�P�S �B �T�P�S�F �U�I�S�P�B�U�
 �D�P�V�H�I�
 
�B�O�E �I�F�B�E�B�D�I�F�� �"�G�U�F�S �U�I�F �m�S�T�U �W�J�T�J�U �U�P �U�I�F �&�%�
 �U�I�F �Q�B�U�J�F�O�U �X�B�T 
�U�S�F�B�U�F�E �X�J�U�I �B�N�P�Y�J�D�J�M�M�J�O�� �5�I�F �C�P�Z �X�B�T �C�P�S�O �J�O �O�P�S�U�I�F�S�O �"�G�S�J�D�B �J�O 
a refugee camp. He and his family had emigrated from Africa 
�B�Q�Q�S�P�Y�J�N�B�U�F�M�Z �� �N�P�O�U�I�T �B�H�P�� �(�F�O�F�S�B�M�M�Z�
 �U�I�F �C�P�Z �B�Q�Q�F�B�S�T �U�P �C�F 
in good health. His immunizations are current, and he has no 
allergies. He currently resides with his parents and three siblings, 
who all appear to be in good health. His mother speaks very little 
English.

The attending physician orders an abdominal computed 
�U�P�N�P�H�S�B�Q�I�Z �	�$�5�
 �T�D�B�O �B�O�E �J�E�F�O�U�J�m�F�T �B �N�B�T�T �J�O �U�I�F �M�F�G�U �I�F�Q�B�U�J�D 
lobe. There appears to be no evidence of gastrointestinal 

bleeding. The attending physician orders a complete 
work-up on the patient, including a complete blood count, 
microbiology tests, chemistry, coagulation, and a hepatitis 
panel. The laboratory results indicate some type of infection 
�B�O�E �J�O�n�B�N�N�B�U�P�S�Z �D�P�O�E�J�U�J�P�O�� �5�I�F �Q�B�U�J�F�O�U �I�B�T �B�O �F�M�F�W�B�U�F�E �X�I�J�U�F 
�C�M�P�P�E �D�F�M�M �	�8�#�$�
 �D�P�V�O�U �U�I�B�U �D�P�S�S�F�M�B�U�F�T �X�J�U�I �I�J�T �F�S�Z�U�I�S�P�D�Z�U�F 
�T�F�E�J�N�F�O�U�B�U�J�P�O �S�B�U�F �	�&�4�3�
 �B�O�E �$���S�F�B�D�U�J�W�F �Q�S�P�U�F�J�O �	�$�3�1�
 �M�F�W�F�M�� �5�I�F 
�&�4�3 �B�O�E �U�I�F �$�3�1 �M�F�W�F�M �B�S�F �D�M�F�B�S �J�O�E�J�D�B�U�P�S�T �P�G �B�O �J�O�n�B�N�N�B�U�P�S�Z 
process.

Questions
����������*�E�F�O�U�J�G�Z �B�O�E �E�J�G�G�F�S�F�O�U�J�B�U�F �U�I�F �Q�B�U�J�F�O�U���T �T�J�H�O�T �B�O�E 

symptoms.
����������&�Y�Q�M�B�J�O �X�I�F�U�I�F�S �U�I�J�T �Q�B�U�J�F�O�U �M�J�L�F�M�Z �I�B�T �B�O �B�D�V�U�F �P�S �B 

chronic infection.

  

CASE STUDY 3.1



43.e2

	12.	� Matching: Match each term with the correct description.

_____ vector
_____ nosocomial
____ fomite
____ colonization
____ monocytes
____ complement
____ virulence factor
____ exotoxin
____ immunization

a. injection of antigens or anti-
bodies to provide immunity

b. inanimate source of 
infection

c. limited and speci�c e�ect
d. long-term health care–

associated infection
e. characteristic of a disease-

causing organism
f. serum proteins activated in 

the immune system
g. circulate in the blood 

before activation
h. insect that carries an  

infectious agent
i. association between nor-

mal microbiota and host

	13.	 �Short Answer
Compare and contrast the components of the speci�c 
and nonspeci�c immune defenses, including the oc-
currence and process of in�ammation, phagocytic 
cells, antibody production, cellular response, and natu-
ral physical or chemical properties of the human body.
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Sterilization, Disinfection, and 
Decontamination

�e Guideline for Disinfection and Sterilization in Health-
care Facilities provides evidence-based recommendations 
for all cleaning, disinfection, and sterilization of medi-
cal devices and the healthcare environment (Table 4.1). 
Equipment and services associated with patient care and 
the healthcare environment are all subject to regulations 
and recommendations for the level of sterilization and/or 
disinfection based on the risk of infection to the patient. 
�ese items as well as considerations for disinfection in the 
ambulatory care and home care environment are included 
in Chapter 78.

Sterilization is a process that kills all forms of micro-
bial life, including bacterial endospores. Disinfection 
is a process that destroys pathogenic organisms, but not 
necessarily all microorganisms, endospores, or prions. 
However, some disinfectants will kill endospores with 
prolonged exposure times (3 to 12 hours). �ese disinfec-
tants are chemical sterilants. Decontamination is the 
removal of pathogenic microorganisms so items are safe 
to handle or dispose of. Many factors limit the success or 
degree of sterilization, disinfection, or decontamination 
in a health care setting, such as organic load (organisms 
and other contaminating materials such as blood or body 
�uids), the type of organisms present, the concentration 
and exposure time to the germicide, the physical and 
chemical nature of the object or surface (hinges, cracks, 
rough or smooth surfaces), temperature, pH, humidity, 

and presence of a bio�lm. �ese processes may be accom-
plished by a variety of physical or chemical methods.

Methods of Sterilization

�e physical methods of sterilization include:
���t����*�O�D�J�O�F�S�B�U�J�P�O
���t����.�P�J�T�U �I�F�B�U
���t����%�S�Z �I�F�B�U
���t����'�J�M�U�S�B�U�J�P�O
���t����*�P�O�J�[�J�O�H �	�H�B�N�N�B�
 �S�B�E�J�B�U�J�P�O
���t����$�I�F�N�J�D�B�M�T �	�F�U�I�Z�M�F�O�F �P�Y�J�E�F �<�&�U�0�> �H�B�T�
 �I�Z�E�S�P�H�F�O �Q�F�S�P�Y�J�E�F 

gas plasma, vaporized hydrogen peroxide, and other liq-
uid chemicals)
Incineration is a method of treating infectious waste. 

Hazardous material is literally burned to ashes at tempera-
tures of 870°C to 980°C. Incineration is the safest method 
to ensure that no infective materials remain in samples or 
containers when disposed. Prions (infective proteins) are not 
eliminated using conventional methods. �erefore incinera-
tion is recommended. Toxic air emissions and the presence 
of heavy metals in ash have limited the use of incineration 
in the United States.

Moist heat (steam under pressure) is used to sterilize 
biohazardous trash and heat-stable objects; an autoclave 
is used for this purpose. An autoclave is essentially a large 
pressure cooker. Moist heat in the form of saturated steam 
�V�O�E�F�S �P�O�F �B�U�N�P�T�Q�I�F�S�F �	���� �Q�P�V�O�E�T �Q�F�S �T�R�V�B�S�F �J�O�D�I �<�Q�T�J�>�
 
of pressure causes the irreversible denaturation of enzymes 
and structural proteins. �e most commonly used steam 

  � Classi�cation Scheme of Items Requiring Sterilization or Disinfection

Classification Description Items Methods

Critical items Pose a high risk of infection if 
contaminated with infectious 
agents.

Surgical instruments
Cardiac and urinary catheters
Implants
Ultrasound probes used in sterile 

body cavities

Purchased as sterilized
Heat-sensitive objects: ethylene 

oxide, hydrogen peroxide gas 
plasma

Chemical: glutaraldehyde, stabi-
lized hydrogen peroxide with or 
without peracetic acid in speci�c 
concentrations

Semi-critical 
items

Generally items that are exposed 
to the mucous membranes or 
nonintact skin. These items 
should be free of all infectious 
agents including vegetative 
bacteria, fungi, and viruses.

Respiratory therapy and anesthe-
sia equipment, endoscopes, 
laryngoscope blades, esophageal 
manometry probes, cystoscopes, 
anorectal manometry catheters, 
and diaphragm �tting rings.

Glutaraldehyde, hydrogen peroxide, 
ortho-phthaladehyde, hydrogen 
peroxide with peracetic acid

Non-critical 
items

Items that contact intact skin but 
not mucous membranes.

Noncritical patient care items such 
as bedpans, blood pressure cuffs, 
computers, crutches etc.

Noncritical environmental surfaces: 
bed rails, bedside tables, patient 
furniture, and �oors.

Adapted from Centers for Disease and Control Guideline for Disinfection and Sterilization in Healthcare Facilities; https://www.cdc.gov/infectioncontrol/pdf/guid
elines/disinfection-guidelines.pdf

TABLE 
4.1 
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sterilizer in the microbiology laboratory is the gravity dis-
placement autoclave (Fig. 4.1). Steam enters at the top 
of the sterilizing chamber; because steam is lighter than 
air, it displaces the air in the chamber and forces it out 
the bottom through the drain vent. �e two common 
sterilization temperatures are 121°C and 132°C. Biologic 
waste that includes broth or solid media is usually auto-
claved for 30 minutes at 121°C in a displacement ster-
ilizer or 4 minutes at 132°C in a prevacuum sterilizer. 
Infectious medical waste containing body �uids or blood, 
on the other hand, is often sterilized at 132°C for 30 to 
60 minutes to allow penetration of the steam through-
out the waste and the displacement of air trapped inside 
the autoclave bag. Prions require a much more extensive 
sterilization process. Several options are recommended for 
the removal of prions from surgical instruments or other 
laboratory materials contaminated with high-risk tissue 
such as brain, spinal cord, and eye tissue. �ere are four 
methods for sterilization: (1) autoclave at 134°C for 18 
minutes in a prevacuum sterilizer; (2) autoclave at 132°C 
for 1 hour in a gravity displacement sterilizer; (3) immerse 
in 1 N sodium hydroxide for 1 hour, remove and rinse 
with water, then autoclave at 121°C in a gravity displace-
ment or 134°C in a prevacuum sterilizer for 1 hour; or 
(4) immerse in 1 N sodium hydroxide for 1 hour and 
heat in a gravity displacement at 121°C for 30 minutes, 
then clean and subject to routine equipment sterilization. 
Moist heat is the fastest and simplest physical method of 
sterilization.

Dry heat requires longer exposure times (1.5 to 3 
hours) and higher temperatures than moist heat (160° to 

180°C). Dry heat ovens are used to sterilize items such as 
glassware, oil, petrolatum, or powders. Filtration is the 
method of choice for antibiotic solutions, toxic chemi-
cals, radioisotopes, vaccines, and carbohydrates, which 
are all heat sensitive. Filtration of liquids is accomplished 
by pulling the solution through a cellulose acetate or 
cellulose nitrate membrane with a vacuum. Filtration 
of air is accomplished using high-e�ciency particulate 
air (HEPA) �lters designed to remove organisms larger 
than 0.3 µm from isolation rooms, operating rooms, and 
biologic safety cabinets (BSCs). Although considered a 
method of sterilization, �ltration simply removes micro-
organisms and particles larger than the pore size; smaller 
particles will not be removed using this method. �e 
ionizing radiation used in microwaves and radiograph 
machines is composed of short-wavelength and high-
energy gamma rays. Ionizing radiation is used for ster-
ilizing disposables such as plastic syringes, catheters, or 
gloves before use. �e most common chemical sterilant 
is EtO, which is used in gaseous form for sterilizing heat-
sensitive objects. �e main disadvantages of EtO use are 
the lengthy cycle times and the potential health hazards it 
produces. Vapor-phase hydrogen peroxide (an oxidizing 
agent) has been used to sterilize HEPA �lters in BSCs, 
metals, and nonmetal devices such as medical instruments 
(e.g., scissors). �ere are no toxic byproducts produced 
using vapor-phase hydrogen peroxide. Hydrogen peroxide 
gas plasma is another method that uses hydrogen peroxide 
and generates plasma by exciting the gas in an enclosed 
chamber under deep vacuum with the use of radiofre-
quency or microwave energy.�

A B

Steam to
jacket

Steam from
jacket to
chamber

Jacket

Jacket

Chamber drain
screen

Water
supply

Water/steam
ejector

Drain

Chamber wall

Outer shell
Heat

exchanger

�t Fig. �.�   Gravity displacement type of autoclave. (A) Typical Eagle Century Series sterilizer for laboratory 
applications. (B) Typical Eagle 3000 sterilizer piping diagram. The arrows show the entry of steam into 
the chamber and the displacement of air. (Courtesy AMSCO International, a subsidiary of STERIS Corp., 
Mentor, Ohio.)
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Methods of Disinfection
Physical Methods of Disinfection
�e three physical methods of disinfection are:
���t����#�P�J�M�J�O�H �B�U �������¡�$ �G�P�S ���� �N�J�O�V�U�F�T�
 �X�I�J�D�I �L�J�M�M�T �W�F�H�F�U�B�U�J�W�F 

bacteria
���t����1�B�T�U�F�V�S�J�[�J�O�H �B�U �����¡�$ �G�P�S ���� �N�J�O�V�U�F�T�
 �X�I�J�D�I �L�J�M�M�T �G�P�P�E 

pathogens without damaging the nutritional value or 
�avor

���t����6�T�J�O�H �O�P�O�J�P�O�J�[�J�O�H �S�B�E�J�B�U�J�P�O �T�V�D�I �B�T �V�M�U�S�B�W�J�P�M�F�U �	�6�7�
 
light
UV rays are long wavelength and low energy. �ey do 

not penetrate well, and organisms must have direct surface 
exposure, such as the working surface of a BSC, for this 
form of disinfection to work.�

Chemical Methods of Disinfection
Chemical disinfectants comprise many classes, including:
���t����"�M�D�P�I�P�M�T
���t����"�M�E�F�I�Z�E�F�T
���t����)�B�M�P�H�F�O�T �	�D�I�M�P�S�J�O�F �B�O�E �D�I�M�P�S�J�O�F �D�P�N�Q�P�V�O�E�T�

���t����1�F�S�B�D�F�U�J�D �B�D�J�E
���t����)�Z�E�S�P�H�F�O �Q�F�S�P�Y�J�E�F
���t����2�V�B�U�F�S�O�B�S�Z �B�N�N�P�O�J�V�N �D�P�N�Q�P�V�O�E�T
���t����1�I�F�O�P�M�J�D�T

Chemicals used to destroy all life are called chemical 
sterilants, or biocides; however, these same chemicals, 
when used for shorter periods, act as disinfectants. Disin-
fectants used on living tissue (skin) are called antiseptics.

Resistance to disinfectants varies with the type of infec-
tious agent. Prions are the most resistant, followed by 
bacterial endospores (such as Bacillus spp.); mycobacteria 
(acid-fast bacilli); nonenveloped viruses (e.g., poliovirus); 
fungi; vegetative (nonsporulating) bacteria (e.g., gram-
negative rods); and enveloped viruses (e.g., herpes sim-
plex virus), which are the most susceptible to the action 
of disinfectants. �e Environmental Protection Agency 
(EPA) registers chemical disinfectants used in the United 
States and requires manufacturers to specify the activity 
level of each compound at the working dilution. �ere-
fore, microbiologists who must recommend appropriate 
disinfectants should check the manufacturer’s cut sheets 
(product information) for the classes of infectious agents 
that will be killed. Generally, the time necessary for kill-
ing infectious agents increases in direct proportion to the 
microbial load or bioburden (number of organisms). In 
the clinical environment, the bioburden generally con-
tains multiple types of infectious agents; it is important 
to ensure that the exposure time is adequate to kill the 
most resistant agents within the sample. Organic mate-
rial such as blood, pus, or mucus also a�ects killing of 
the infectious agents by inactivating the chemical disinfec-
tant or preventing contact between the chemical and the 
infectious agent. �e organic material should be mechani-
cally removed before chemical sterilization to decrease the 
microbial load. �is is analogous to removing dried food 
from utensils before placing them in a dishwasher, and it 

is important for cold sterilization of instruments such as 
bronchoscopes.

�e type of water and its concentration in a solution are 
also important. Hard water may reduce the rate of killing of 
microorganisms. In addition, 60% to 90% ethyl or isopro-
pyl alcohol solution (volume/volume) is optimally bacte-
ricidal, virucidal, fungicidal, and mycobactericidal, because 
the increased ability of water (H2O) to hydrolyze bonds 
in protein molecules makes the killing of microorganisms 
more e�ective. Ethyl or isopropyl alcohol is nonsporicidal 
(does not kill endospores) and evaporates quickly. �ere-
fore, its use is limited to the skin as an antiseptic or on ther-
mometers and injection vial rubber septa as a disinfectant.

Stabilized hydrogen peroxide has demonstrated bacteri-
cidal, virucidal, sporicidal, and fungicidal activities. Com-
mercially available 3% hydrogen peroxide has been used as 
a disinfectant on inanimate surfaces.

�e most common disinfectant in the United States is 
hypochlorite solutions (NaOCl), 5.25% to 6.15%, referred 
to as household bleach. �e disinfecting capability of 
bleach is bactericidal, virucidal, fungicidal, mycobacteri-
cidal, and sporicidal. It is inexpensive and its e�ectiveness is 
not decreased based on the quality of the water used in the 
solution preparation. One disadvantage is that hypochlo-
rite may cause minor ocular, oropharyngeal, and esophageal 
irritation if an individual is exposed to high concentrations 
without proper ventilation. It is also corrosive to metals in 
high concentrations, discolors fabrics, and can produce a 
toxic gas if improperly mixed with ammonia or acid in other 
cleaning agents. �e Centers for Disease Control and Pre-
vention (CDC) recommends that tabletops be cleaned after 
blood spills with a 1:10 dilution of bleach.

Because of their irritating fumes, the aldehydes (form-
aldehyde and glutaraldehyde) are generally not used as 
surface disinfectants. Glutaraldehyde, which is sporicidal 
(kills endospores) in 3 to 10 hours, is used for medical 
equipment such as bronchoscopes because it does not 
corrode lenses, metal, or rubber. Ortho-phthaladehyde 
(OPA) has similar e�ects as glutaraldehyde including the 
ability to kill endospores. OPA has several advantages over 
glutaraldehyde. It is considered more stable, requires no 
activation, does not require exposure monitoring, and is 
not known to irritate the eyes and nasal passages. Peracetic 
acid (0.23%) combined with hydrogen peroxide (1.0%) is 
e�ective in the presence of organic material and has been 
used for the surface sterilization of surgical instruments. 
�e use of glutaraldehyde, OPA, or peracetic acid is called 
cold sterilization.

�2�V�B�U�F�S�O�B�S�Z �B�N�N�P�O�J�V�N �D�P�N�Q�P�V�O�E�T �B�S�F �V�T�F�E �U�P �E�J�T�J�O-
fect bench tops or other surfaces in the laboratory. However, 
high water hardness and gross contamination with organic 
materials, such as blood, may inactivate heavy metals or 
quaternary ammonium compounds, thus limiting their 
utility. �ey are most often used on noncritical surfaces such 
as �oors, furniture, and walls.

Finally, phenolics are derivatives of carbolic acid (phe-
nol). Two phenol derivatives commonly included in hospital 
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disinfectants are ortho-phenylphenol and ortho-benzyl-para-
chlorophenol. �ese products are generally considered bac-
tericidal, fungicidal, virucidal, and tuberculocidal, but not 
sporicidal. �e addition of detergent results in a product 
that cleans and disinfects at the same time, and at concen-
trations of 2% to 5%, these products are used for cleaning 
bench tops.�

Antiseptics
In addition to decontamination of inanimate objects or sur-
faces, personal laboratory safety and preparation of patients 
for invasive procedures require the use of an antiseptic. A 
variety of antiseptics are used to prepare a patient’s skin for 
blood draws or other invasive procedures. Ethyl alcohol 
solutions, as previously indicated, are considered bacteri-
cidal, virucidal, fungicidal, and mycobactericidal. Iodine 
is prepared either as a tincture with alcohol or as an iodo-
phor coupled to a neutral polymer (e.g., povidone-iodine 
or poloxamer-iodine). Both iodine compounds are widely 
used antiseptics. In fact, 70% ethyl alcohol, followed by an 
iodophor, is the most common combination used for skin 
disinfection before drawing blood specimens for culture or 
surgery. Iodophors have also been used as disinfectants for 
hard surfaces but at higher concentrations.

Superoxidized water (SOW), 144 mg/L of hypochlorous 
acid and chlorine, requires preparation onsite prior to use. 
�e antiseptic is exposed to sodium chloride through a semi-
permeable membrane and production of oxycholine ions is 
completed using electrolysis. �e solution has proven to be 
an economical alternative to expensive antiseptics and has 
been used as a treatment option for the cleaning of chronic 
wounds prior to administration of antibiotics. �e solution 
may also be used for hand washing as well as a potential 
disinfectant for equipment and surfaces in the health care 
setting.

Because mercury is toxic to the environment, heavy met-
als containing mercury are no longer recommended. An eye 
drop solution containing 1% silver nitrate was placed in the 
eyes of newborns to prevent infections with Neisseria gonor-
rhoeae. Silver nitrate, however, is no longer manufactured in 
the United States. �e current chemical treatment is either 
an ointment containing erythromycin or povidone-iodide.

�e most important point to remember when work-
ing with biocides, antiseptics, or disinfectants is to prepare 
a working solution of the compound exactly according to 
the manufacturer’s package insert. Many individuals believe 
that if the manufacturer says to dilute 1:200, they will get 
a stronger product if they dilute it 1:10. However, the ratio 
of water to active ingredient may be critical, and if su�cient 
water is not added, the chemical for surface disinfection 
may not be e�ective.�

Chemical Safety

�e OSHA Hazard Communication Standard provides for 
institutional educational practices to ensure that all labora-
tory personnel have a thorough working knowledge of the 

hazards of the chemicals with which they work. �is stan-
dard has also been called the “employee right to know.” It 
mandates that all hazardous chemicals in the workplace be 
identi�ed and clearly marked with a National Fire Protec-
tion Association (NFPA) label stating the health risks, such 
as carcinogen (cause of cancer), mutagen (cause of muta-
�U�J�P�O�T �J�O �E�F�P�Y�Z�S�J�C�P�O�V�D�M�F�J�D �B�D�J�E �<�%�/�"�> �P�S �S�J�C�P�O�V�D�M�F�J�D �B�D�J�E 
�<�3�/�"�>�
�
 �P�S teratogen (cause of birth defects), and the haz-
ard class, for example, corrosive (harmful to mucous mem-
branes, skin, eyes, or tissues), poisonous, �ammable, or 
oxidizing (Fig. 4.2).

Each laboratory should have a chemical hygiene plan 
that includes guidelines on proper labeling of chemical con-
tainers, manufacturers’ safety data sheets (SDSs, formerly 
Material Safety Data Sheets [MSDSs]), and the written 
chemical safety training and retraining programs. Hazard-
ous chemicals must be inventoried annually. In addition, 
laboratories are required to maintain a �le of every chemical 
they use and a corresponding SDS. �e manufacturer pro-
vides the SDS for every hazardous chemical; some manufac-
turers also provide letters for nonhazardous chemicals, such 
as saline, so that these can be included with the other SDSs. 
�e SDSs are required to present the information in a con-
sistent 16-section format. �e sections in the SDS include:
���t����*�E�F�O�U�J�ë�D�B�U�J�P�O
���t����$�I�F�N�J�D�B�M �O�B�N�F�
 �S�F�D�P�N�N�F�O�E�F�E �V�T�F�T �B�O�E �U�I�F �O�B�N�F�
 

address, and telephone number of manufacturer or 
supplier

���t����)�B�[�B�S�E�	�T�
 �J�E�F�O�U�J�ë�D�B�U�J�P�O
���t����$�M�B�T�T�J�ë�D�B�U�J�P�O �P�G �U�I�F �D�I�F�N�J�D�B�M �	�F���H���
 �ì�B�N�N�B�C�M�F�
 �I�F�B�M�U�I 

hazard, etc.), precautionary statements, hazard symbols 
or pictures related to the risks, and any other hazards or 
unknown components included in the chemical.

�t Fig. �.�   National Fire Protection Association diamond indicating a 
chemical hazard. This information can be customized (as shown here 
for isopropyl alcohol) by applying the appropriate self-adhesive polyes-
ter numbers to the corresponding color-coded hazard area. (Courtesy 
Lab Safety Supply, Janesville, Wisconsin.)
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���t����$�P�N�Q�P�T�J�U�J�P�O���J�O�G�P�S�N�B�U�J�P�O �P�O �J�O�H�S�F�E�J�F�O�U�T
���t����4�Q�F�D�J�ë�D �D�I�F�N�J�D�B�M �T�V�C�T�U�B�O�D�F�T �P�S �N�J�Y�U�V�S�F�T
���t����'�J�S�T�U���B�J�E �N�F�B�T�V�S�F�T
���t����*�O�T�U�S�V�D�U�J�P�O�T �C�B�T�F�E �P�O �F�Y�Q�P�T�V�S�F�
 �T�Z�N�Q�U�P�N�T�
 �P�S �F�ê�F�D�U�T 

of exposure and recommended follow-up treatment or 
medical care

���t����'�J�S�F�ë�H�I�U�J�O�H �N�F�B�T�V�S�F�T
���t����"�D�D�J�E�F�O�U�B�M �S�F�M�F�B�T�F �N�F�B�T�V�S�F�T
���t����$�P�O�U�B�J�O�N�F�O�U�
 �F�W�B�D�V�B�U�J�P�O�
 �B�O�E �D�M�F�B�O�V�Q �Q�S�P�D�F�E�V�S�F�T
���t����)�B�O�E�M�J�O�H �B�O�E �T�U�P�S�B�H�F
���t����&�Y�Q�P�T�V�S�F �D�P�O�U�S�P�M�T �B�O�E �Q�F�S�T�P�O�B�M �Q�S�P�U�F�D�U�J�P�O
���t����&�O�H�J�O�F�F�S�J�O�H �D�P�O�U�S�P�M�T �B�O�E �1�1�& �B�O�E �Q�S�P�D�F�E�V�S�F�T
���t����1�I�Z�T�J�D�B�M �B�O�E �D�I�F�N�J�D�B�M �Q�S�P�Q�F�S�U�J�F�T
���t����4�U�B�C�J�M�J�U�Z �B�O�E �S�F�B�D�U�J�W�J�U�Z
���t����5�P�Y�J�D�P�M�P�H�J�D�B�M �J�O�G�P�S�N�B�U�J�P�O
���t����3�P�V�U�F�T �P�G �U�S�B�O�T�N�J�T�T�J�P�O �B�O�E �F�Y�Q�P�T�V�S�F�
 �F�ê�F�D�U�T �P�G �U�I�B�U 

exposure, symptoms and numerical measures related to 
toxicity such as lethal dose or exposure time

���t����&�D�P�M�P�H�J�D�B�M �J�O�G�P�S�N�B�U�J�P�O �	�O�P�O�N�B�O�E�B�U�P�S�Z�

���t����&�O�W�J�S�P�O�N�F�O�U�B�M �J�N�Q�B�D�U �T�U�B�U�F�N�F�O�U
���t����%�J�T�Q�P�T�B�M �D�P�O�T�J�E�F�S�B�U�J�P�O�T �	�O�P�O�N�B�O�E�B�U�P�S�Z�

���t����5�S�B�O�T�Q�P�S�U �J�O�G�P�S�N�B�U�J�P�O �	�O�P�O�N�B�O�E�B�U�P�S�Z�

���t����4�I�J�Q�Q�J�O�H �B�O�E �U�S�B�O�T�Q�P�S�U�B�U�J�P�O �S�F�H�V�M�B�U�J�P�O�T �B�O�E �S�F�R�V�J�S�F�N�F�O�U�T
���t����3�F�H�V�M�B�U�P�S�Z �J�O�G�P�S�N�B�U�J�P�O �	�O�P�O�N�B�O�E�B�U�P�S�Z�

���t����"�O�Z �S�F�H�J�P�O�B�M �B�O�E �O�B�U�J�P�O�B�M �S�F�H�V�M�B�U�P�S�Z �T�Q�F�D�J�ë�D�B�U�J�P�O�T �B�T�T�P-

ciated with agencies such as OSHA, Department of 
Transportation, Environmental Protection Agency, or 
Consumer Product Safety Commission

���t����0�U�I�F�S �J�O�G�P�S�N�B�U�J�P�O
���t����%�B�U�F �P�G �Q�S�F�Q�B�S�B�U�J�P�O �P�S �S�F�W�J�T�J�P�O �P�G �4�%�4

Employees should become familiar with the location 
and organization of SDS �les in the laboratory so that they 
know where to look in the event of an emergency.

Fume hoods (Fig. 4.3) are provided in the laboratory 
to prevent inhalation of toxic fumes. Fume hoods protect 
against chemical odor by exhausting air to the outside, but 
they are not HEPA-�ltered to trap pathogenic microorgan-
isms. It is important to remember that a biosafety cabinet 
(discussed later in the chapter) is not a fume hood.

Work with toxic or noxious chemicals should always be 
performed while wearing nitrile gloves, in a fume hood or 
while wearing a fume mask. Spills should be cleaned up 
using a fume mask, gloves, impervious (impenetrable to 
moisture) apron, and goggles. Acid and alkaline, �ammable, 
and radioactive spill kits are available to assist in rendering 
any chemical spills harmless.�

Fire Safety

Fire safety is an important component of the laboratory 
safety program. Each laboratory is required to post �re 
evacuation plans that are essentially blueprints for �nding 
the nearest exit in case of �re. Fire drills conducted quar-
terly or annually, depending on local laws, ensure that all 
personnel know what to do in case of �re. Exit paths should 
always remain clear of obstructions, and employees should 
be trained to use �re extinguishers. �e local �re depart-
ment is often an excellent resource for training in the types 
and use of �re extinguishers.

Type A �re extinguishers are used for trash, wood, and 
paper; type B extinguishers are used for chemical �res; and 
type C extinguishers are used for electrical �res. Combina-
tion type ABC extinguishers are found in most laboratories 
so that personnel need not worry about which extinguisher 
to reach for in case of a �re. However, type C extinguish-
ers, which contain carbon dioxide (CO2) or another dry 

A B

�t Fig. �.�   Fume hood schematics. Arrows indicate air�ow through the cabinet to the outside vent. 
(Courtesy the Baker Co., Sanford, Maine.)
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chemical to smother �ames, are also used, because this type 
of extinguisher does not damage equipment.

�e important actions in case of �re and the order in 
which to perform tasks can be remembered with the acro-
nym RACE:
	1.	� Rescue any injured individuals.
	2.	� Activate the �re alarm.
	3.	� Contain (smother) the �re, if feasible (close �re doors).
	4.	� Extinguish the �re, if possible.

If you are able to extinguish the �re, it is important to 
follow four basic steps: PASS.
	1.	� Pull the pin—to release the operating handle.
	2.	� Aim—toward the base of the �ames at the ignition and 

fuel source.
	3.	� Squeeze—the handle to release the contents.
	4.	� Sweep—side to side across the base of the �ame to extin-

guish the �re.�

Electrical Safety

Electrical cords should be checked regularly for fraying and 
replaced when necessary. All plugs should be the three-
prong, grounded type. All sockets should be checked for 
electrical grounding and leakage at least annually. No exten-
sion cords should be used in the laboratory.�

Handling of Compressed Gases

Compressed gas cylinders (CO2, anaerobic gas mixture) 
contain pressurized gases and must be properly handled 
and secured. When leaking cylinders have fallen, tanks have 
become missiles, resulting in loss of life and destruction of 
property. �erefore, gas tanks should be properly chained 
and stored in well-ventilated areas. �e metal cap, which is 
removed when the regulator is installed, should always be in 
place when a gas cylinder is not in use. Cylinders should be 
transported chained to special dollies.�

Biosafety

Individuals are exposed in various ways to health care–asso-
ciated infections, transporting specimens and in public areas 
such as elevators or cafeterias, by:
���t����3�V�C�C�J�O�H �U�I�F �F�Z�F�T �P�S �O�P�T�F �X�J�U�I �D�P�O�U�B�N�J�O�B�U�F�E �I�B�O�E�T
���t����*�O�I�B�M�J�O�H �B�F�S�P�T�P�M�T �Q�S�P�E�V�D�F�E �E�V�S�J�O�H �D�F�O�U�S�J�G�V�H�B�U�J�P�O�
 �N�J�Y-

ing with a vortex, or spills of liquid cultures
���t����"�D�D�J�E�F�O�U�B�M�M�Z �J�O�H�F�T�U�J�O�H �N�J�D�S�P�P�S�H�B�O�J�T�N�T �C�Z �Q�V�U�U�J�O�H �Q�F�O�T 

or �ngers in the mouth
���t����3�F�D�F�J�W�J�O�H �Q�F�S�D�V�U�B�O�F�P�V�T �J�O�P�D�V�M�B�U�J�P�O �	�J���F���
 �U�I�S�P�V�H�I �Q�V�O�D-

ture from an accidental needle stick)
���t����.�B�O�J�Q�V�M�B�U�J�O�H �P�S �P�Q�F�O�J�O�H �C�B�D�U�F�S�J�B�M �D�V�M�U�V�S�F�T �J�O �M�J�R�V�J�E 

media or on plates, creating potentially hazardous aero-
sols, outside of a biosafety hood

���t����'�B�J�M�V�S�F �U�P �X�B�T�I �I�B�O�E�T �V�Q�P�O �M�F�B�W�J�O�H �U�I�F �S�F�T�U�S�P�P�N �P�S �P�U�I�F�S 
public areas before entering the laboratory
Risks from a microbiology laboratory may extend to adja-

cent laboratories and to the families of those who work in 

the microbiology laboratory. For example, Blaser and Feld-
man noted that 5 of 31 individuals who contracted typhoid 
fever from pro�ciency testing specimens did not work in a 
microbiology laboratory. Two patients were family members 
of a microbiologist who had worked with Salmonella enteric 
subsp. enterica Typhi, two were students whose afternoon 
class was in the laboratory where the organism had been cul-
tured that morning, and one worked in an adjacent chem-
istry laboratory.

In the clinical microbiology laboratory, shigellosis, 
salmonellosis, tuberculosis, brucellosis, and hepatitis 
are commonly acquired laboratory infections. Addi-
tional infections have been reported from agents such 
as Coxiella burnetii, Francisella tularensis, Trichophyton 
mentagrophytes, and Coccidioides immitis. Viral agents 
transmitted through blood and body �uids cause many 
health care–associated infections in non–microbiology 
laboratory workers and in health care workers in general. 
�ese include hepatitis B virus (HBV), hepatitis C virus 
(HCV), hepatitis D virus (HDV), and human immuno-
de�ciency virus (HIV). Laboratory-associated infection 
is not a new phenomenon, but data are based primar-
ily on voluntary reporting. �erefore, such incidents are 
widely underreported because of fears of repercussions 
associated with such events.�

Exposure Control Plan

�e laboratory director and supervisor are legally respon-
sible for ensuring that an Exposure Control Plan has been 
implemented and that the mandated safety guidelines are 
followed. �e plan identi�es tasks that are hazardous to 
employees and promotes employee safety through use of the 
following:
���t����&�N�Q�M�P�Z�F�F �F�E�V�D�B�U�J�P�O �B�O�E �P�S�J�F�O�U�B�U�J�P�O
���t����"�Q�Q�S�P�Q�S�J�B�U�F �E�J�T�Q�P�T�B�M �P�G �I�B�[�B�S�E�P�V�T �X�B�T�U�F
���t����4�U�B�O�E�B�S�E �	�G�P�S�N�F�S�M�Z �6�O�J�W�F�S�T�B�M�
 �1�S�F�D�B�V�U�J�P�O�T
���t����&�O�H�J�O�F�F�S�J�O�H �D�P�O�U�S�P�M�T �B�O�E �T�B�G�F �X�P�S�L �Q�S�B�D�U�J�D�F�T�
 �B�T �X�F�M�M �B�T 

appropriate waste disposal and use of BSCs
���t����1�1�&�
 �T�V�D�I �B�T �M�B�C�P�S�B�U�P�S�Z �D�P�B�U�T�
 �T�I�P�F �D�P�W�F�S�T�
 �H�P�X�O�T�
 �H�M�P�W�F�T�
 

and eye protection (goggles, face shields)
���t����" �Q�P�T�U���F�Y�Q�P�T�V�S�F �Q�M�B�O �G�P�S �J�O�W�F�T�U�J�H�B�U�J�O�H �B�M�M �B�D�D�J�E�F�O�U�T �B�O�E �B 

plan to prevent recurrences�

Employee Education and Orientation

Each institution should have a safety manual that is reviewed 
by all employees and a safety o�cer who is knowledgeable 
about the risks associated with health care–associated infec-
tions. �e safety o�cer should provide orientation for new 
employees and quarterly continuing education updates for 
all personnel. Initial training and all retraining should be 
documented in writing.

�is training should include all items in the laboratory 
exposure control plan as well as �re, chemical, hazardous 
materials management (use, storage, and disposal), and 
blood borne pathogens.�
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Disposal of Hazardous Waste

All materials contaminated with potentially infectious 
agents must be decontaminated before disposal. �ese 
include unused portions of patient specimens, patient cul-
tures, stock cultures of microorganisms, and disposable 
sharp instruments, such as glass microscope slides, glass or 
plastic tubes, scalpels, syringes, and needles. It is recom-
mended that syringes with needles not be accepted in the 
laboratory; sta� members should be required to submit 
capped syringes to the laboratory. Infectious waste may be 
decontaminated by use of an autoclave, incinerator, or any 
one of several alternative waste-treatment methods. Some 
state or local municipalities permit urine and feces to be 
carefully poured into a sanitary sewer. Infectious waste from 
microbiology laboratories is usually autoclaved on site or 
sent for incineration.

Infectious waste (agar plates, plastic tubes, and reagent 
bottles) should be placed into two leak-proof, plastic bags 
for sturdiness (Fig. 4.4); this is known as double bagging. 
Sharp objects, including pipettes, microscope slides, bro-
ken glass, glass tubes or bottles, scalpels, and needles, are 
placed in sharps containers (Fig. 4.5), then autoclaved or 
incinerated.�

Standard Precautions

�e CDC guidelines known as Standard Precautions 
(previously Universal Precautions) require that blood 
and body �uids from every patient be treated as potentially 
infectious. �e essentials of Standard Precautions and safe 
laboratory work practices are as follows:
���t����%�P �O�P�U �F�B�U�
 �E�S�J�O�L�
 �T�N�P�L�F�
 �P�S �B�Q�Q�M�Z �D�P�T�N�F�U�J�D�T �	�J�O�D�M�V�E�J�O�H 

lip balm).
���t����%�P �O�P�U �J�O�T�F�S�U �P�S �S�F�N�P�W�F �D�P�O�U�B�D�U �M�F�O�T�F�T��
���t����%�P �O�P�U �C�J�U�F �O�B�J�M�T �P�S �D�I�F�X �P�O �Q�F�O�T��
���t����%�P �O�P�U �N�P�V�U�I���Q�J�Q�F�U�U�F��
���t����-�J�N�J�U �B�D�D�F�T�T �U�P �U�I�F �M�B�C�P�S�B�U�P�S�Z �U�P �U�S�B�J�O�F�E �Q�F�S�T�P�O�O�F�M �P�O�M�Z��

���t����"�T�T�V�N�F �B�M�M �Q�B�U�J�F�O�U�T �B�S�F �J�O�G�F�D�U�J�P�V�T �G�P�S �B�M�M �C�M�P�P�E���C�P�S�O�F 
pathogens.

���t����6�T�F �B�Q�Q�S�P�Q�S�J�B�U�F �C�B�S�S�J�F�S �Q�S�F�D�B�V�U�J�P�O�T �U�P �Q�S�F�W�F�O�U �T�L�J�O �B�O�E 
mucous membrane exposure, including wearing gloves at 
all times and masks, goggles, gowns, or aprons if splash 
or droplet formation is a risk.

���t����h�P�S�P�V�H�I�M�Z �X�B�T�I �I�B�O�E�T �B�O�E �P�U�I�F�S �T�L�J�O �T�V�S�G�B�D�F�T 
after removing gloves and immediately after any 
contamination.

���t����5�B�L�F �T�Q�F�D�J�B�M �D�B�S�F �U�P �Q�S�F�W�F�O�U �J�O�K�V�S�J�F�T �X�J�U�I �T�I�B�S�Q �P�C�K�F�D�U�T�
 
such as needles and scalpels.
Standard Precautions should be followed for handling 

blood and body �uids, including all secretions and excre-
tions submitted to the microbiology laboratory (e.g., serum, 
semen, all sterile body �uids, saliva from dental procedures, 
and vaginal secretions). Standard Precautions applies to 
blood and all body �uids, except sweat. Practice of Stan-
dard Precautions by health care workers handling all patient 
material lessens the risks associated with such specimens.

Among the Standard Precautions, hand washing is one of 
the single most useful techniques to prevent the transmis-
sion and acquisition of infection in a health care setting. 
Hand washing using running water with plain or antimi-
crobial soaps does not disrupt the normal microbiota but 
has demonstrated a reduction in transient microorganisms 
and viral agents. Studies have indicated that e�ective hand 
washing with plain soap versus antimicrobial products are 
both equally e�cient and directly correlates with the dura-
tion of the hand washing. All personnel should wash their 
hands with soap and water after removing gloves, after han-
dling infectious material, and before leaving the laboratory 
area. When hand washing is not available, waterless alcohol-
based (60% to 62%) products provide a rapid and conve-
nient means of controlling transmission of many organisms. 
�ese alcohol-based products have been used worldwide to 
control infections and restrict the transmission of patho-
gens. However, some pathogens such as Enterococcus faecium 
have now become tolerant or resistant to these products. 
Alcohol-based products are also not useful when hands are 
soiled or contaminated with other organic material such as 
blood and body �uids.

Mouth-pipetting is strictly prohibited. Mechanical 
devices must be used for drawing all liquids into pipettes. 
Eating, drinking, and applying cosmetics are strictly forbid-
den in work areas. Food and drink must be stored in refrig-
erators in areas separate from the work area.

All health care workers should follow Standard Precau-
tions whether working inside or outside the laboratory. 
When collecting specimens outside the laboratory, individ-
uals should follow these guidelines:
���t����8�F�B�S �H�M�P�W�F�T �B�O�E �B �M�B�C�P�S�B�U�P�S�Z �D�P�B�U��
���t����%�F�B�M �D�B�S�F�G�V�M�M�Z �X�J�U�I �O�F�F�E�M�F�T �B�O�E �M�B�O�D�F�U�T��
���t����%�J�T�D�B�S�E �T�I�B�S�Q�T �J�O �B�O �B�Q�Q�S�P�Q�S�J�B�U�F�
 �Q�V�O�D�U�V�S�F���S�F�T�J�T�U�B�O�U 

container.
���t����/�F�W�F�S �S�F�D�B�Q �O�F�F�E�M�F�T �C�Z �I�B�O�E�
 �J�G �O�F�D�F�T�T�B�S�Z�
 �T�Q�F�D�J�B�M �T�B�G�F�U�Z 

devices are available. (Needles are available with built-in 
safety devices to prevent accidental needle sticks).�

�t Fig. �.�   Autoclave bags. (Courtesy Allegiance Healthcare, McGaw 
Park, Illinois.)
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Laboratory Design and Engineering 
Controls

Laboratory Environment

Microbiology laboratory environments are classi�ed accord-
ing to the Biosafety Level (BSL) of the classi�cation of 
microorganisms or risk groups that are approved for test-
ing in the laboratory. �e BSL determines the design of the 
laboratory environment; procedures, access, and laboratory 
safety controls are based on the potential for transmission 
of the infectious agents to prevent laboratory-acquired 
infections and exposure to others. �e laboratory should 
be designed to facilitate a one-way work�ow from initial 
specimen handling of biologically contaminated specimens 
to areas where pure cultures and additional testing is per-
formed to prevent cross-contamination of specimens. �e 
BSL should be prominently displayed on laboratory doors 
to restrict access, and the biohazard symbol should be dis-
played on any equipment (refrigerators, incubators, centri-
fuges) that contains infectious material �e air-handling 
system of a microbiology laboratory should move air from 
lower- to higher-risk areas, never the reverse. Ideally, the 
microbiology laboratory should be under negative pressure, 
and air should not be recirculated. �e selected use of the 
appropriate BSC for procedures that generate infectious 
aerosols is critical to laboratory safety.

�e microbiology laboratory poses many hazards to 
unsuspecting and untrained people; therefore, access should 
be limited to employees and other necessary personnel (bio-
medical engineers, housekeepers). Visitors, especially young 
children, should be discouraged. Certain areas of high risk, 
such as the mycobacteriology and virology laboratories, 
should be closed to visitors. Custodial personnel should be 
trained to discriminate among the waste containers, dealing 
only with those that contain noninfectious material. Care 

should be taken to prevent insects from infesting any labo-
ratory area. Mites, for example, can crawl over the surface of 
media, carrying microorganisms from colonies on a plate to 
other areas. Houseplants can also serve as a source of insects 
and should be excluded from the laboratory environment. A 
pest control program should be in place to control rodents 
and insects.�

Biological Safety Levels

�e Biosafety in Microbiological and Biomedical Laboratories 
Manual published by the CDC serves as a reference for lab-
oratory design, work-practice and environmental controls, 
personnel requirements, disposal, and personnel according 
to the relative risks of working with various biologic agents. 
�e risk assessment used to determine the recommended 
Biological Safety Level is based on the characterization of 
the agent in the following categories:
	1.	� Route of transmission—direct exposure, inoculation, 

ingestion, or inhalation
	2.	� Infective dose—amount of organism required to cause 

an infection.
	3.	� Stability in the environment—temperature, desiccation, 

decontamination, or sterilization of surfaces.
	4.	� Host range—human, insects (vectors), animals
	5.	� Endemic nature—indigenous versus exotic non-indige-

nous; wild type versus genetically modi�ed agents.
�e manual is available on the CDC website (www.cdc.g

ov/biosafety/publications/bmbl5/BMBL.pdf).
Biosafety Level 1 (BSL-1) agents include those that 

have no known potential for infecting healthy adult indi-
viduals and are well de�ned and characterized. �ese agents 
are used in laboratory teaching exercises for undergradu-
ate students, secondary educational training, and teaching 
laboratories for students in microbiology. Precautions for 

�t Fig. �.�   Sharps containers. (Courtesy Lab Safety Supply, Janesville, Wisconsin.)
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working with BSL-1 agents include standard good labora-
tory technique such as hand washing, but do not require 
the use of engineering or work practice controls that are 
considered primary or secondary barriers. BSL levels and 
practices are summarized in Table 4.2.

BSL-2 agents are those most commonly being sought 
in clinical specimens and used in diagnostic, teaching, and 
other laboratories. BSL-2 precautions are su�cient for the 
handling of clinical specimens suspected of harboring any 
indigenous pathogens that pose moderate risk of infection. 
Specimens expected to contain prions (PrPSc), abnormal 
proteins associated with neurodegenerative diseases, includ-
ing spongiform encephalitis, should be handled using 
BSL-2 procedures. �is level of safety includes the princi-
ples outlined previously, provided the potential for splash 
or aerosol is low. If splash or aerosol is probable, the use 
of primary containment equipment is recommended, as 
are limiting access to the laboratory during working proce-
dures, training laboratory personnel in handling pathogenic 
agents, direction by competent supervisors, and performing 
aerosol-generating procedures in a BSC.

BSL-3 procedures have been recommended for the han-
dling of material suspected of harboring organisms unlikely 
to be encountered in a routine clinical laboratory. However, 
although rarely encountered in a routine clinical laboratory, 
agents included in this group may be identi�ed or utilized 
in a clinical, diagnostic, teaching, research, or production 
facility. �ese precautions, in addition to those undertaken 
for BSL-2 agents, consist of laboratory design and engineer-
ing controls that contain potentially dangerous material by 
careful control of air movement and the requirement that 
personnel wear protective clothing and gloves. �ose work-
ing with BSL-3 agents should have baseline sera specimens 
stored for comparison with acute sera that can be drawn in 
the event of unexplained illness. BSL-3 organisms are pri-
marily transmitted by infectious aerosol.

BSL-4 agents are exotic agents that are considered high 
risk and cause life-threatening disease. Personnel and all 
materials must be decontaminated before leaving the facil-
ity, and all procedures are performed under maximum 
containment (special protective clothing, class III BSC). 
�ere are two general types of BSL-4 facilities, a cabinet 
laboratory that utilizes a BSC-3 and a suit laboratory where 
employees wear a positive-pressure-supplied air-protective 
suit. Most of the facilities that deal with BSL-4 agents are 
public health or research laboratories. As mentioned, BSL-4 
agents pose life-threatening risks and are transmitted via 
aerosols; in addition, no vaccine or therapy is available for 
these organisms.

Biologic Safety Cabinets

A BSC is a device that encloses a workspace in such a way as 
to protect workers from aerosol exposure to infectious dis-
ease agents. Either air that contains the infectious material is 
sterilized, by heat, ultraviolet light, or, most commonly, by 
passage through a HEPA �lter that removes most particles 

larger than 0.3 µm in diameter. �ese cabinets are desig-
nated as class I through III, according to the e�ective level of 
biologic containment. Class I cabinets allow room (unster-
ilized) air to pass into the cabinet and around the area and 
material within, sterilizing only the air to be exhausted (Fig. 
4.6). �ey have negative pressure, may be ventilated to the 
outside or exhausted to the work area, and are usually oper-
ated with an open front.

Class II cabinets sterilize air that �ows over the infec-
tious material, as well as air to be exhausted. �e air �ows 
in “sheets,” which serve as barriers to particles from outside 
the cabinet and direct the �ow of contaminated air into the 
�lters (Fig. 4.7). Such cabinets are called vertical laminar 
�ow BSCs. Class II cabinets have a variable sash opening 
through which the operator gains access to the work surface. 
Depending on their inlet �ow velocity and the percent of air 
that is HEPA �ltered and recirculated, class II cabinets are 
further di�erentiated into type A or B. A class IIA cabinet 
is self-contained, and 70% of the air is recirculated into the 
work area. �e exhaust air in class IIB cabinets is discharged 
outside the building. A class IIB cabinet is selected if radio-
isotopes, toxic chemicals, or carcinogens will be used.

Because they are completely enclosed and have negative 
pressure, Class III cabinets a�ord the most protection to 
the worker. Air coming into and going out of the cabinet is 
�lter sterilized, and the infectious material within is handled 
with rubber gloves that are attached and sealed to the cabi-
net (Fig. 4.8).

Most hospital clinical microbiology laboratory scien-
tists use class IIA or IIB cabinets. Routine inspection and 
documentation of adequate function of these cabinets are 
critical factors in an ongoing quality assurance program. It is 
important to the proper operation of laminar �ow cabinets 
that an open area of 3 feet around the cabinet be maintained 
during operation of the air-circulating system; this ensures 
that infectious material is directed through the HEPA �lter. 
BSCs must be certi�ed initially, whenever moved more than 
18 inches, and annually thereafter.�

Personal Protective Equipment

OSHA regulations require that health care facilities provide 
employees with all personal protective equipment (PPE) 
necessary to protect them from hazards encountered during 
the course of work (Fig. 4.9). PPE usually includes plastic 
shields or goggles to protect workers from droplets, disposal 
containers for sharp objects, trays in which to carry smaller 
hazardous items (e.g., culture tubes), handheld pipetting 
devices, impervious gowns, laboratory coats, disposable 
gloves, masks, safety carriers for centrifuges (especially those 
�V�T�F�E �J�O �U�I�F �B�D�J�E �G�B�T�U �C�B�D�U�F�S�J�P�M�P�H�Z �<�"�'�#�> �M�B�C�P�S�B�U�P�S�Z�
�
 �B�O�E 
HEPA respirators.

HEPA respirators are required for all health care workers, 
including phlebotomists, who enter the rooms of patients 
with tuberculosis, as well as workers who clean up spills of 
pathogenic microorganisms (Chapter 78). All respirators 
should be �t-tested for each individual so that each person 
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  � Laboratory Biosafety Levels

Biosafety 
Level Risk Group

Representative 
Organisms BSC Primary Barriers Secondary Barriers Additional Practices

BSL-1 Agents not associ-
ated with disease in 
healthy individuals.

Low individual and 
community risk.

Bacillus subtilis
Naegleria gruberi
Exempt organisms 

according to NIH 
guidelines.

None None General good laboratory 
practice, handwash-
ing.

Limit laboratory access.
Decontamination procedures 

in addition, surfaces that are 
easily cleaned, non-porous.

BSL-2 Agents associated with 
disease that is pre-
ventable and treat-
able and disease 
is not considered 
serious.

Moderate individual 
and low community 
risk.

Broad spectrum, indig-
enous moderate risk 
agents.

Representative agents 
include:

HIV
Hepatitis B virus
Salmonella spp.
Toxoplasmosis sp.

BSC-2 or other 
primary barrier 
when proce-
dures may pro-
duce aerosols 
or splash.

Primary BSC-2 as indi-
cated or other equip-
ment that prevents 
aerosolization during 
manipulation such as 
enclosed centrifuge 
safety cups.

Requires the use of 
PPE as appropriate.

Same as above In addi-
tion, waste decontam-
ination and disposal of 
contaminated sharps.

Laboratory decontami-
nation procedures and 
practices.

Eye wash station.
Pest management 

program.

Same as above.
Biohazard symbol posted on 

entrance.
Immunization requirements and 

medical surveillance for expo-
sure provided for personnel.

Speci�c personnel training 
requirements.

Biosafety manual including 
incident and exposure proce-
dures.

BSL-3 Agents associated 
with serious or lethal 
disease and where it 
may be preventable 
and treatable.

High individual risk and 
low community risk.

Indigenous or exotic 
agents with potential 
respiratory transmis-
sion.

Representative agents 
include: Mycobac-
terium tuberculosis, 
St. Louis encepha-
litis virus, Coxiella 
burnetii

Mold stages of 
systemic fungi and 
organisms grown 
in quantities greater 
than found in clinical 
specimens.

BSC-2 or 3 Same as above and all 
equipment should be 
enclosed for labora-
tory manipulations 
such as the use of 
a gas-tight aerosol 
generation chamber.

PPE is solid-front or 
wrap around, scrub 
suits or coveralls 
that are not removed 
from the laboratory.

Same as above and the 
addition of ventilation 
requirements that 
minimize release of 
infectious aerosols 
from the laboratory.

Separated from the 
main laboratory with 
self-closing doors; 
all windows must be 
sealed.

Access limited using an 
anteroom to prevent 
exchange with outside 
areas of the laboratory

Same as above.
Serum samples of personnel 

routinely checked for sero-
conversion comparisons to 
monitor exposure.

BSL-4 Agents highly likely to 
cause serious or 
lethal disease and is 
not generally known 
to be preventable or 
treatable.

High individual and 
community risk.

Dangerous and exotic 
agents.

Representative 
agents include 
Marburg virus or 
Congo-Crimean 
hemorrhagic fever.

BSC-3 or in 
a full-body, 
air-supplied 
positive 
pressure 
personnel suite

Same as above. Same as above, with 
specialized zone 
ventilation systems.

Laboratory is generally a 
separate building.

Items are processed 
through a fumigation 
chamber or airlock 
system.

Same as above.
Personnel decontamination 

procedures included such 
as showering or chemical 
treatment.

Log of all personnel or items 
entering and leaving 
laboratory.

Generally includes complex 
waste management 
procedures.

BSC, Biologic safety cabinet; HIV, human immunode�ciency virus; NIH, National Institutes of Health; PPE, personal protective equipment.
Adapted from information included in the United States Department of Health and Human Services, Centers for Disease and Control. Biosafety in Microbiological and Biomedical Laboratories. 5th ed. Washington, DC: US 
Government Printing Of�ce; 2009. Accessed January 13, 2019.

TABLE 
4.2 
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Exhaust HEPA filter

Supply HEPA filter

View screen

Access opening,
typically 8 inches

Work area

Airflow plenum

Typical class II biological saf ety cabinet

�t Fig. �.�   Schematic of a Class II biologic safety cabinet indicating the 
air�ow. Air is pulled into the cabinet and circulated through an air�ow 
plenum through two levels of HEPA �lter prior to exiting through the 
exhaust portals. (Courtesy the Baker Co., Sanford, Maine.)

Total exhaust
Exhaust collar with 
air-tight damper

Exhaust filter

Air intake
Supply filter

Fixed view screen
Negative pressure system

Glove ports

Airflow plenum

Work area access

Work area

�t Fig. �.�   Schematic of a Class III biologic safety cabinet with arrows 
showing air�ow through cabinet. The cabinet is self-contained pro-
viding the maximum amount of protection to the laboratory from any 
aerosolized particles. (Courtesy the Baker Co., Sanford, Maine.)

Exhaust

HEPA filter

View screen

Access

Air flow

�t Fig. �.�   Schematic of Class I biologic safety cabinet. Room air �ows 
into the cabinet and is circulated out through a high-ef�ciency particu-
late air (HEPA) �lter and the exhaust portals.

is assured that his or hers is working properly. Men must 
shave their facial hair to achieve a tight �t. Respirators are 
evaluated according to guidelines of the National Institute 
for Occupational Safety and Health (NIOSH), a branch of 
the CDC. N95 or P100 disposable masks are commonly 
used in the clinical laboratory and are available from a vari-
ety of manufacturers.

Microbiologists should wear laboratory coats over their 
uniform scrubs or street clothes, and these coats should be 
removed before leaving the laboratory. Most exposures to 
blood-containing �uids occur on the hands or forearms, 
so gowns with closed wrists or forearm covers and gloves 
that cover all potentially exposed skin on the arms are most 
bene�cial. Most laboratories utilize disposable gowns and 
lab coats. If the laboratory protective clothing becomes 
contaminated with body �uids or potential pathogens, it 
should be removed and disposed of in the biohazard waste. 
If washable laboratory attire is provided, the institution or a 
uniform agency should clean laboratory coats; it is no longer 
permissible for microbiologists to launder their own coats. 
Obviously, laboratory workers who plan to enter an area 
of the hospital where patients at special risk of acquiring 

�t Fig. �.�   Personal protective equipment. A microbiologist wearing a 
laboratory coat, gloves, and hood with a shield attached to a HEPA 
�lter pack with a high ef�ciency particulate air system.
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infection are present (e.g., intensive care units, the nursery, 
operating rooms, or areas in which immunosuppressive 
therapy is being administered) should take every precaution 
to cover their uniform scrubs or street clothes with clean 
or sterile protective clothing appropriate to the area. Spe-
cial impervious protective clothing is advisable for certain 
activities, such as working with radioactive substances or 
caustic chemicals. Solid-front gowns are indicated for those 
working with specimens being cultured for mycobacteria. 
Unless large-volume spills of potentially infectious material 
are anticipated, impervious laboratory gowns are not neces-
sary in most microbiology laboratories.�

Postexposure Control

All laboratory accidents and potential exposures must 
be reported to the supervisor and safety o�cer, who will 
immediately arrange to send the individual to employee 
health or an outside occupational health physician. 
Immediate medical care is of foremost importance; 
investigation of the accident should take place after the 
employee has received appropriate care. If the accident 
is a needle stick injury, for example, the patient should 
be identi�ed and the risk of the laboratorian acquiring a 
blood-borne infection should be assessed. �e investiga-
tion helps the physician determine the need for prophy-
laxis, such as hepatitis B virus immunoglobulin (HBIG) 
or an HBV booster immunization in the event of expo-
sure to hepatitis B. �e physician also is able to discuss 
the potential for disease transmission to family members, 
such as after exposure to a patient with Neisseria menin-
gitidis. Postexposure prophylaxis should be administered, 
and additional sera should be collected at intervals of 6 
weeks, 3 months, and 6 months for HIV testing. Finally, 
the safety committee, or at least the laboratory director 
and safety o�cer, should review the events of the acci-
dent to determine whether it could have been prevented 
and to delineate measures to prevent future accidents. �e 

investigation of the accident and corrective action should 
be documented in an incident report.�

Mailing Biohazardous Materials

�e requirements for packaging and shipping biologic 
materials, dangerous goods, or infectious substances are 
highly regulated by the Department of Transportation in 
the United States along with the International Air Trans-
port Association (IATA) and the International Civil Avia-
tion Organization (IACO). Infectious substances now are 
classi�ed as category A, B, or C organisms. A category A 
specimen is an infectious substance capable of causing dis-
ease in healthy humans and animals. Category B includes 
infectious substances that are not included in category 
A. Only the category A organisms or specimens listed in  
Table 4.1 must be shipped as dangerous goods. If the labo-
ratory director is unsure whether a patient has symptoms 
of a category A agent, it is prudent to ship the specimen 
as an infectious substance rather than a biologic substance.  
Fig. 4.10A shows triple packaging for diagnostic, clinical, 
or infectious substances in a pouch; Fig. 4.10B shows triple 
packaging for diagnostic, clinical, or infectious substances 
in a rigid bottle. Packaging instructions are available in the 
annual IATA regulations under section 620 (dangerous 
goods). All air and ground shippers, such as the US Postal 
Service (USPS), the US Department of Transportation 
(DOT), and Federal Express (FedEx), have adopted IATA 
standards.

Training in the proper packing and shipping of infectious 
material is a key feature of the regulations. Every institution 
that ships infectious materials, whether a hospital or physi-
cian o�ce laboratory (POL), is required to have appropri-
ately trained individuals; training may be obtained through 
carriers, package manufacturers, and special safety training 
organizations. �e shipper is the individual (institution) 
ultimately responsible for safe and appropriate packaging. 
Any �nes or penalties are the shipper’s responsibility.

A B

�t Fig. �.��   (A) The Bio-Pouch (lower right) is made of laminated, low-density polyethylene, which is virtu-
ally unbreakable. (B) The Bio-Bottle is made of high-density polyethylene and is used as the secondary 
container. This packaging is used for both types of infectious substances. (Courtesy Air Sea Containers, 
Miami, Florida.)
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Infectious specimens or isolates should be wrapped 
with absorbent material and placed inside a plastic bio-
hazard bag, called a primary receptacle. �e primary 
receptacle is then inserted into a secondary container, 
most often a watertight, hard plastic mailer. �e second-
ary container is capped and placed inside an outer, ter-
tiary container that protects it from physical and water 
damage (Fig. 4.10B). A label on the outer box con�rms 
that the packaging meets all the required standards. �e 
package must be labeled with a speci�c hazard label as an 
infectious substance. A packing list and a Shippers Dec-
laration for Dangerous Goods Form must accompany the 
air bill or ground form. Diagnostic or clinical specimens 
are packaged similarly.

�e shipper should note that some carriers have addi-
tional requirements for coolant materials, such as ice, dry 
ice, or liquid nitrogen. Because the shipper is liable for 
appropriate packaging, it is best to check with individual 
carriers in special circumstances and update the instructions 
yearly when the new IATA Dangerous Goods Regulations 
are published. IATA regulations can be found at the web-
site www.iata.org. International importation or exporta-
tion of biologic agents requires a permit from the CDC. 
Information on importing and exporting a variety of mate-
rials may be found at http://www.cdc.gov/laboratory/speci
men-submission/shipping-packing.html.

 Visit the Evolve site for a complete list of procedures, 
review questions, and case studies.
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Chapter Review
	 1.	� Disinfection may be de�ned as a process that:
	 a.	� Removes all forms of microbial life
	 b.	� Is accomplished by physical means
	 c.	� Removes pathogenic organisms but not spores
	 d.	� Is used on living tissue
	 2.	� All of the following factors a�ect the outcome when 

using a disinfectant except:
	 a.	� Using water from a soft water system
	 b.	� Disinfecting a surface that contains large pores
	 c.	� �e type of cloth used to wipe the surface
	 d.	� Temperature and pH
	 3.	� In a chemical hygiene plan, the SDS must include:
	 a.	� �e facility’s name
	 b.	� �e laboratory director’s credentials
	 c.	� �e substance’s stability and reactivity
	 d.	� �e purchase date
	 4.	� Most laboratories use which type of �re extinguisher?
	 a.	� Type A
	 b.	� Type B
	 c.	� Type C
	 d.	� Combination ABC
	 5.	� When putting out a �re in the laboratory, personnel 

should be sure to:
	 a.	� Grab anything that is not replaceable
	 b.	� Aim directly at the core of the �re
	 c.	� Turn o� the computer system
	 d.	� Activate the �re alarm and contain and extinguish 

the �re, if possible
	 6.	� Means of exposure to agents in the laboratory include 

all of the following except:
	 a.	 �Percutaneous inoculation
	 b.	� Inhalation
	 c.	� Drinking water
	 d.	� Placing objects in the mouth
	 7.	� Removal of resistant bacterial spores can be accom-

plished using all of the following methods except:
	 a.	� Moist heat at 121°C at 15 psi
	 b.	� Incineration
	 c.	� Moist heat at 132°C for 1 hour
	 d.	� Dry heat at 180°C for 3 hours
	 8.	� Pasteurization is used to disinfect food products for all 

of the following reasons except:
	 a.	� To prevent the killing of �avor-adding micro- 

organisms
	 b.	� To prevent the destruction of essential vitamins and 

minerals in the food

	 c.	� To completely sterilize food from contaminating 
organisms

	 d.	� To remove food pathogens
	 9.	� When disinfecting a contaminated surface, which 

of the following would provide the most e�cient 
decontamination?

	 a.	� 100% bleach for 10 minutes
	 b.	� 80% bleach for 10 minutes
	 c.	� 70% ethyl alcohol for 8 minutes
	 d.	� 10% bleach for 5 minutes
	10.	� An engineering control includes:
	 a.	� Positive air pressure capable of removing all hazard-

ous contaminants
	 b.	� Gloves, laboratory coats, and face shields
	 c.	� Safety caps provided on tubes
	 d.	� �e use of biologic safety cabinets for sample 

processing
	11.	� �e laboratory received a stool culture from a patient 

experiencing severe abdominal cramps and bloody 
diarrhea. �e sample should be minimally processed 
using:

	 a.	� BSL-1 safety practices
	 b.	� BSL-2 safety practices
	 c.	� BSL-3 safety practices
	 d.	� Insu�cient information is available to determine 

the correct answer.
	12.	� Matching: Match each term with the correct description.

_____ standard 
precautions

_____ sterilization
_____ antiseptics
_____ fume hood
_____ incineration
_____ biologic safety cabinet
_____ 10% bleach

a. e�ective on labora-
tory benches

b. uses a �ltering system
c. hazardous chemicals
d. kills all life forms
e. CDC guidelines
f. living tissue
g. temperatures exceed 

870°C

	13.	� Short Answer
A �re has started inside a piece of equipment in the 
laboratory. Describe the steps the laboratory personnel 
should follow to minimize the damage and cost from 
the �re.
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���t����5�S�B�O�T�Q�P�S�U�B�U�J�P�O �J�O�T�U�S�V�D�U�J�P�O�T�
 �J�O�D�M�V�E�J�O�H �U�J�N�F �B�O�E �U�F�N�Q�F�S-
ature constraints

���t����-�B�C�F�M�J�O�H �J�O�T�U�S�V�D�U�J�P�O�T�
 �J�O�D�M�V�E�J�O�H �Q�B�U�J�F�O�U �E�F�N�P�H�S�B�Q�I�J�D 
�J�O�G�P�S�N�B�U�J�P�O �	�N�J�O�J�N�V�N �P�G �U�X�P �Q�B�U�J�F�O�U �J�E�F�O�U�J�ë�F�S�T�


���t����4�Q�F�D�J�B�M �J�O�T�U�S�V�D�U�J�P�O�T�
 �T�V�D�I �B�T �Q�B�U�J�F�O�U �Q�S�F�Q�B�S�B�U�J�P�O
���t����4�U�F�S�J�M�F �W�F�S�T�V�T �O�P�O�T�U�F�S�J�M�F �D�P�M�M�F�D�U�J�P�O �E�F�W�J�D�F�T
���t����.�J�O�J�N�B�M �B�D�D�F�Q�U�B�C�M�F �R�V�B�M�J�U�Z �B�O�E �S�F�D�P�N�N�F�O�E�F�E �R�V�B�O�U�J�U�Z

Instructions should be written so that specimens col-
lected by the patient (e.g., urine, sputum, or stool) are 
handled properly. Most urine or stool collection kits con-
tain instructions in several languages, but nothing sub-
stitutes for a concise set of verbal instructions. Similarly, 
when distributing kits for sputum collection, the microbi-
ologist should be able to explain to the patient the di�er-
ence between spitting in a cup (saliva) and producing good 
lower respiratory secretions from a deep cough (sputum). 
General collection information is shown in �5�B�C�M�F ������. An 
in-depth discussion of each type of specimen is found in 
Part VII.�

Specimen Transport

Ideally, most specimens should be transported to the lab-
oratory within 2 hours of collection. �ere are instances 
where the time from collection to laboratory processing 
�T�I�P�V�M�E �O�P�U �F�Y�D�F�F�E ���� �N�J�O�V�U�F�T �J�G �O�P�U �S�F�G�S�J�H�F�S�B�U�F�E �P�S �Q�M�B�D�F�E 
�J�O �T�Q�F�D�J�ë�D �U�S�B�O�T�Q�P�S�U �N�F�E�J�B �	�5�B�C�M�F ������). All specimen con-
tainers should be leak-proof, and the specimens should be 
transported within sealable, leak-proof plastic bags with 
a separate section for paperwork; resealable bags or bags 
with a permanent seal are common for this purpose. Bags 
should be marked with a biohazard label (�'�J�H�� ������). Many 
microorganisms are susceptible to environmental condi-
tions such as the presence of oxygen (anaerobic bacteria), 
changes in temperature (Neisseria meningitidis), or changes 
in pH (Shigella). �us the use of special preservatives or 
temperature-controlled or holding media for the transpor-
tation of specimens is important to ensure organism viabil-
ity (survival).�

Specimen Preservation

Preservatives, such as boric acid for urine or polyvinyl 
alcohol (PVA) and bu�ered formalin for stool for ova and 
parasite (O&P) examination, are designed to maintain the 
appropriate colony counts (urines) or the integrity of tro-
phozoites and cysts (O&P), respectively. Other transport 
or holding media maintain the viability of microorganisms 
present in a specimen without supporting the growth of the 
organisms. �is maintains the organisms in a state of sus-
pended animation so that no organism overgrows another 
or dies out. Stuart’s medium and Amie’s medium are two 
common holding media. Sometimes charcoal is added to 
these media to absorb fatty acids present in the specimen 
that could result in pH changes in the media and the kill-
ing of fastidious (fragile) organisms such as Neisseria gonor-
rhoeae or Bordetella pertussis.

Anticoagulants are used to prevent clotting of specimens 
such as blood, bone marrow, and synovial �uid because 
microorganisms will otherwise be bound up in the clot. �e 
type and concentration of anticoagulant are very important 
because many organisms are inhibited by some of these 
chemicals. Sodium polyanethol sulfonate (SPS) at a con-
�D�F�O�U�S�B�U�J�P�O �P�G ������������ �	�X���W�
 �J�T �V�T�V�B�M�M�Z �V�T�F�E �C�F�D�B�V�T�F Neisseria 
spp. and some anaerobic bacteria are particularly sensitive 
to higher concentrations. Because the ratio of specimen to 
SPS is so important, it is necessary to have both large (adult-
size) and small (pediatric-size) tubes available, so organisms 
in small amounts of bone marrow or synovial �uid are 
not overwhelmed by the concentration of SPS. SPS is also 
included in blood culture collection systems. Heparin is also 
a commonly used anticoagulant, especially for viral cultures, 
although it may inhibit the growth of gram-positive bacteria 
�B�O�E �Z�F�B�T�U�� �$�J�U�S�B�U�F�
 �F�U�I�Z�M�F�O�F�E�J�B�N�J�O�F�U�F�U�S�B�B�D�F�U�J�D �B�D�J�E �	�&�%�5�"�
�
 
or other anticoagulants should not be used for microbiol-
ogy because their e�cacy has not been demonstrated for 
most organisms. It is the microbiologist’s job to make sure 
media containing the appropriate anticoagulant is used for 
each procedure. �e laboratory generally should not specify 
a color (“yellow-top”) tube for collection without specify-
ing the anticoagulant (SPS) because at least one popular 
brand of collection tube (Vacutainer, Becton, Dickinson 
�B�O�E �$�P�N�Q�B�O�Z�
 �I�B�T �B �Z�F�M�M�P�X���U�P�Q �U�V�C�F �X�J�U�I �F�J�U�I�F�S �4�1�4 �P�S 
�U�S�J�T�P�E�J�V�N �D�J�U�S�B�U�F���D�J�U�S�J�D �B�D�J�E���E�F�Y�U�S�P�T�F �	�"�$�%�
�� �"�$�% �J�T �O�P�U 
appropriate for use in microbiology.

Specimen Storage

If specimens cannot be processed as soon as they are received, 
they must be stored (�5�B�C�M�F ������). Several storage methods 
�B�S�F �V�T�F�E �	�S�F�G�S�J�H�F�S�B�U�P�S �U�F�N�Q�F�S�B�U�V�S�F �<���¡�$�>�
 �B�N�C�J�F�O�U �<�S�P�P�N�> 
�U�F�N�Q�F�S�B�U�V�S�F �<�����o�����¡�$�>�
 �C�P�E�Z �U�F�N�Q�F�S�B�U�V�S�F �<�����o�����¡�$�>�
 �B�O�E 
�G�S�F�F�[�F�S �U�F�N�Q�F�S�B�U�V�S�F �<�F�J�U�I�F�S �¦�����¡�$ �P�S �¦�����¡�$�>�
�
 �E�F�Q�F�O�E�J�O�H 
on the type of transport media (if applicable) and the etio-
logic (infectious) agents suspected. Urine, stool, viral speci-
mens, sputa, swabs, and foreign devices such as catheters 
�T�I�P�V�M�E �C�F �T�U�P�S�F�E �B�U ���¡�$�� �4�F�S�V�N �G�P�S �T�F�S�P�M�P�H�J�D �T�U�V�E�J�F�T �N�B�Z �C�F 
�G�S�P�[�F�O �G�P�S �V�Q �U�P �� �X�F�F�L �B�U �¦�����¡�$�
 �B�O�E �U�J�T�T�V�F�T �P�S �T�Q�F�D�J�N�F�O�T 
�G�P�S �M�P�O�H���U�F�S�N �T�U�P�S�B�H�F �T�I�P�V�M�E �C�F �G�S�P�[�F�O �B�U �¦�����¡�$���

Specimen Labeling

Specimens should be labeled with the patient’s name, iden-
tifying number (hospital or sample number), birth date, 
date and time of collection, source, and the initials of the 
�J�O�E�J�W�J�E�V�B�M �U�I�B�U �D�P�M�M�F�D�U�F�E �U�I�F �T�B�N�Q�M�F�� �&�O�P�V�H�I �J�O�G�P�S�N�B�U�J�P�O 
must be provided on the specimen label so that the speci-
men can be matched with the test requisition when it is 
received in the laboratory.�

Specimen Requisition

�e specimen (or test) requisition is an order form that is 
sent to the laboratory along with a specimen. Often the 
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  � Collection, Transport, Storage, and Processing of Specimens Commonly Submitted to a Microbiology Laboratorya

Specimen Container
Patient 
Preparation

Special 
Instructions

Transportation 
to Laboratory

Storage 
Before 
Processing

Primary  
Plating  
Media

Anaerobic 
Media

Direct 
Examination Comments

Abscess (Also Lesion, Wound, Pustule, Ulcer)

Super�cial Recommend 
E-swab 
transport 
system or 
aerobic swab 
moistened 
with Stuart’s 
or Amie’s 
medium

Wipe area 
with sterile 
saline 
or 70% 
alcohol.

Aspirate or tissue 
are preferred if 
possible, pass 
swab deeply 
into the lesion 
along leading 
edge of wound.

� 2 h 24 h/RT BA, CA, 
Mac, CNA 
optional

BBA, LKV, 
BBE

Gram Contamination of 
surface material may 
introduce normal 
microbiota. Add CNA 
if smear suggests 
mixed gram-positive 
and gram-negative 
�ora.

Deep Anaerobic 
transporter; 
� 1 mL if 
sample

Wipe area 
with sterile 
saline 
or 70% 
alcohol.

Aspirate material 
from wall or 
excise tissue.

� 2 h 24 h/RT BA, CA, Mac, 
CNA

BBA, LKV, 
BBE

Gram Wash any granules and 
“emulsify” in saline.

Blood

Blood culture 
media set 
(aerobic and 
anaerobic 
bottle)

Disinfect the 
container with 
70% isopro-
pyl alcohol or 
chlorhexidine, 
wait 30 s

Disinfect 
veni-
puncture 
site with 
chlorhex-
idine-
alcohol.

Draw blood at time 
of febrile epi-
sode; draw two 
sets from right 
and left arms; 
do not draw 
more than four 
sets in a 24-h 
period; draw 
� 20 mL/set 
(adults) or 1–20 
mL/set (pediat-
ric) depending 
on patient’s 
weight; or per 
manufacturer’s 
instructions.

Within 2 h/RT � 2 h/RT
Must be 

incubated 
at 37°C 
on receipt 
in labora-
tory.

Blood culture 
bottles, 
aerobic; 
consider 
isolator 
tubes fungi 
and other 
intracellular 
agents.

Blood 
culture 
bottles, 
anaero-
bic.

Direct Gram 
stain from 
positive 
blood cul-
ture bottles.

C or BCYE if F. tularen-
sis is suspected.

Other considerations: 
brucellosis, tularemia, 
cell wall–de�cient 
bacteria, leptospi-
rosis, or AFB; blood 
cultures should be 
collected before 
administration of 
antibiotics when 
possible.

TABLE 
5.1 
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Continued

Specimen Container
Patient 
Preparation

Special 
Instructions

Transportation 
to Laboratory

Storage 
Before 
Processing

Primary  
Plating  
Media

Anaerobic 
Media

Direct 
Examination Comments

Bone Marrow Aspirate

Bone  
marrow

Blood culture 
bottles or 1.5 
mL lysis-
centrifugation 
tube

Puncture site 
prepared 
by primary 
care 
provide for 
surgical 
incision.

� 24 h, RT if in 
culture bottle 
or tube

24 h, RT BA, CA
May use blood 

culture 
bottles if 
volume is 
suf�cient.

BBA Isolator tubes for the 
detection of Brucella 
and intracellular 
bacteria.

Body Fluids

Amniotic 
abdomi-
nal, 
ascites 
(perito-
neal), 
bile, 
joint 
(syno-
vial), 
peri-
cardial, 
pleural

Sterile, screw-
cap tube or 
anaerobic 
transporter or 
direct inocu-
lation into 
blood culture 
bottles, or 
capped 
syringe

Disinfect skin 
with iodine 
prepara-
tion before 
aspirating 
specimen.

Needle aspiration � 15 min <24 h/RT:
Pericardial 

�uid and 
other �uids 
for fungal 
cultures.

<25 h/4°C:
Incubate 

blood cul-
ture bottles 
at 37°C on 
receipt in 
laboratory.

<24 h/4°C:
Pericardial 

�uid and 
�uids for 
fungal 
cultures.

May use an 
aerobic and 
anaerobic 
blood culture 
bottle set for 
body �uids.

BA, CA, thio, 
CNA, Mac

BBA, BBE, 
LKV

Gram May need to con-
centrate by cen-
trifugation or 
�ltration—stain and 
culture sediment.

Bone Sterile, screw-
cap container

Disinfect skin 
before 
surgical 
procedure.

Take sample from 
affected area for 
biopsy.

Immediately/RT Plate as soon 
as received.

BA, CA, Mac, 
thio

BBA, BBE, 
LKV

Gram May need to homog-
enize.

Cerebrospinal Fluid (CSF)

Sterile, screw-
cap tube

Disinfect 
skin with 
iodine or 
chlorhexi-
dine 
before 
aspirating 
specimen.

Consider rapid 
testing (e.g., 
Gram stain; 
cryptococcal 
antigen).

� 15 min RT 
Never 
refrigerate for 
bacteriology.

<24 h/RT
Except for 

viruses, 
which can 
be held at 
4°C for up 
to 3 days.

BA, CA (Rou-
tine)

BA, CA, Mac, 
thio (shunt)

Gram—best 
sensitivity by 
cytocentrifu-
gation (may 
also want 
to do AO 
if cytocen-
trifuge not 
available).

If only 1 tube, submit to 
microbiology �rst to 
avoid contamination; 
otherwise tube 2.

Add thio for CSF col-
lected from shunt.

Recommended to also 
collect blood culture.
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Specimen Container
Patient 
Preparation

Special 
Instructions

Transportation 
to Laboratory

Storage 
Before 
Processing

Primary  
Plating  
Media

Anaerobic 
Media

Direct 
Examination Comments

Ear

Inner Sterile, screw-
cap tube or 
anaerobic 
transporter

Clean ear 
canal with 
mild soap 
solution.

Aspirate material 
behind drum 
with syringe if 
eardrum intact; 
use �exible 
shaft swab to 
collect material 
from ruptured 
eardrum.

�  2 h 24 h/RT BA, CA (add 
thio if prior 
antimicrobial 
therapy)

BBA Gram Add anaerobic culture 
plates for tympano-
centesis specimens.

External Wound or 
E-swab trans-
port system or 
aerobic swab 
moistened 
with Stuart’s 
or Amie’s 
medium

Wipe away 
crust with 
sterile 
saline.

Firmly rotate swab 
in outer canal.

� 2 h/RT 24 h/4°C BA, CA, Mac Gram

Eye

Conjunc-
tiva

Direct culture 
inoculation to 
BA and Choc; 
or E-swab 
transport 
system

Sample both eyes; 
use separate 
swabs pre-
moistened with 
sterile saline.

Plates � 15 min, 
RT

Swabs
� 2 h/RT

24 h/RT BA, CA Gram, AO, 
histologic 
stains (e.g., 
Giemsa)

Other considerations: 
Chlamydia trachoma-
tis, viruses, and fungi.

Aqueous/
vitreous 
�uid

Sterile, screw-
cap tube

Prepare eye 
for needle 
aspiration.

� 15 min/RT <24 h/RT
Set up 

immedi-
ately on 
receipt.

BA, CA Gram/AO Other considerations: 
fungal media; some 
anesthetics may be 
inhibitory to some 
organisms.

Corneal 
scrap-
ings

Bedside inocu-
lation of BHI 
10%

Clinician 
should 
instill local 
anesthetic 
before col-
lection.

� 15 min/RT <24 h/RT
Must be incu-

bated at 
28°C (SDA) 
or 37°C 
(everything 
else) on 
receipt in 
laboratory.

BHI 10% 
Sheep 
blood, C, 
SDA with 
antibiotics

Gram/AO
The use of 

10-mm 
frosted ring 
slides assists 
with location 
of specimen 
because of 
the size of the 
specimen.

Other considerations: 
Acanthamoeba spp., 
herpes simplex virus 
and other viruses, 
Chlamydia trachoma-
tis, and fungi.

   Collection, Transport, Storage, and Processing of Specimens Commonly Submitted to a Microbiology Laboratory—cont’d
TABLE 

5.1 



63

Continued

Specimen Container
Patient 
Preparation

Special 
Instructions

Transportation 
to Laboratory

Storage 
Before 
Processing

Primary  
Plating  
Media

Anaerobic 
Media

Direct 
Examination Comments

Foreign Bodies

IUD Sterile, screw-
cap container

Disinfect skin 
before 
removal.

� 15 min/RT Plate as 
soon as 
received.

Thio

IV cath-
eters, 
pins

Sterile, screw-
cap container

Disinfect skin 
with alco-
hol before 
removal.

Do not culture 
Foley catheters; 
IV catheters are 
cultured quanti-
tatively by rolling 
the segment 
back and forth 
across agar 
with sterile for-
ceps four times; 
� 15 colonies 
are associated 
with clinical 
signi�cance.

� 15 min/RT Plate as 
soon as 
received, 
if possible; 
store <2 
h/4°C.

BA, Thio, pros-
thetic valves

GI Tract

Gastric 
wash or 
lavage

Sterile, screw-
cap tube

Collect in 
early AM 
before 
patient 
eats or 
gets out of 
bed.

Most gastric 
aspirates are 
on infants or for 
AFB.

� 15 min/RT <24 h/4°C
Must be 

neutral-
ized with 
sodium 
bicarbon-
ate within 
1 h of col-
lection.

BA, CA, Mac, 
HE, CNA, 
EB

Gram/AO Other considerations: 
AFB.

Gastric 
biopsy

Sterile, screw-
cap tube with 
transport 
media

Rapid urease test 
or culture for 
Helicobacter 
pylori.

<1 h/RT 24 h/4°C Skirrow, BA BBA H&E stain 
optional: 
immunos-
taining.

Other considerations: 
urea breath test;  
antigen test (H. 
pylori).
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Specimen Container
Patient 
Preparation

Special 
Instructions

Transportation 
to Laboratory

Storage 
Before 
Processing

Primary  
Plating  
Media

Anaerobic 
Media

Direct 
Examination Comments

Rectal 
swab

Swab placed in 
enteric trans-
port medium

Insert swab, 1–1.5 
in past anal 
sphincter; feces 
should be vis-
ible on swab.

� 2 h/RT <24 h/RT BA, Mac, HE, 
Campy, EB

Methylene 
blue for 
fecal leuko-
cytes.

Optional: Mac-sorbitol, 
chromogenic agar, 
Shiga toxin testing.

Other considerations: 
Vibrio (TCBS), Yer-
sinia enterocolitica  
(CIN), Escherichia coli 
O157:H7, N. gonor-
rhoeae, Shigella, 
Campylobacter, 
herpes simplex virus 
and carriage of group 
B streptococci.

Stool 
(feces) 
routine 
culture

Clean, leak-
proof 
container; 
transfer feces 
to enteric 
transport 
medium 
(Cary-Blair-
holding 
medium)

Routine culture 
should include 
Salmonella, 
Shigella, and 
Campylobacter; 
specify Vibrio, 
Aeromonas, 
Plesiomo-
nas, Yersinia, 
Escherichia coli 
O157:H7, if 
needed.

Within 24 h/
RT in holding 
media

Unpreserved � 1 
h/RT

24 h/4°C
<48 h/RT or 

4°C

BA, Mac,, HE, 
Campy, EB;

Methylene 
blue for 
fecal 
leukocytes; 
optional: 
Shiga toxin 
testing.

Optional: Mac-sorbitol, 
chromogenic agar, 
Shiga-toxin testing.

See considerations in 
previous rectal swabs.

Do not perform routine 
stool cultures for 
patients whose 
length of stay in the 
hospital exceeds 
3 days and whose 
admitting diagnosis 
was not diarrhea; 
these patients should 
be tested for Clos-
tridiodes dif�cile.

Clostrid-
iodes 
dif�cile

Sterile, leak-
proof con-
tainer

� 1 h, RT
1–24 h, 4°C

2 days, 4°C 
for culture 
or nucleic 
acid 
detection

CCFA Nucleic acid testing is 
more sensitive than 
culture.

Patients should be 
passing � 3 liquid or 
soft stools per 24 
hours without having 
received laxatives.

   Collection, Transport, Storage, and Processing of Specimens Commonly Submitted to a Microbiology Laboratory—cont’d
TABLE 

5.1 
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Specimen Container
Patient 
Preparation

Special 
Instructions

Transportation 
to Laboratory

Storage 
Before 
Processing

Primary  
Plating  
Media

Anaerobic 
Media

Direct 
Examination Comments

Esch-
erichia coli 
O157-H7 
or other 
Shiga-
toxin 
producing 
serotypes

Sterile leak-
proof 
container, 
or Cary-
Blair holding 
medium

� 1 h, RT unpre-
served

� 24 h, RT or 
4°C in swab 
transport 
system

<24 h, 4°C 
unpre-
served

Mac-sorbitol Shiga toxin EIA and 
nucleic acid testing 
are more sensitive 
than culture. Bloody 
or liquid stools 
collected following 
6 days of onset of 
symptoms yield more 
positives.

Serotyping for O and H 
antigens.

O&P O&P transport-
ers (e.g., 10% 
formalin and 
PVA)

Collect three 
specimens 
every 
other 
day at a 
minimum 
for out-
patients; 
hospi-
talized 
patients 
(inpatients) 
should 
have 
a daily 
specimen 
collected 
for 3 days; 
specimens 
from inpa-
tients hos-
pitalized 
more than 
3 days 
should be 
discour-
aged.

Wait 5–10 days 
minimum (up 
to 2 weeks) 
if patient 
has received 
antiparasitic 
compounds, 
barium, iron, 
Kaopectate, 
metronida-
zole, Milk of 
Magnesia, 
Pepto-Bismol, 
or tetracycline.

Fresh nonpre-
served liquid 
specimens 
should be 
examined 
within 30 min 
of passage; 
semiformed 
within 1 hour 
of passage. 
Specimen in 
�xatives, 24 
h/RT.

Inde�nitely/
RT

Fresh liquid 
specimen 
should be 
examined 
for the 
presence 
of motile 
organisms.

Genital Tract

Female

Bartholin 
cyst

Anaerobic 
transporter

Disinfect skin 
with iodine 
prepara-
tion before 
collection.

� 2 h/RT 24 h/RT BA, CA, Mac, 
TM, CNA

BBA, LKV, 
BBE

Gram

Continued



66

Specimen Container
Patient 
Preparation

Special 
Instructions

Transportation 
to Laboratory

Storage 
Before 
Processing

Primary  
Plating  
Media

Anaerobic 
Media

Direct 
Examination Comments

Cervix Swab moist-
ened with 
Stuart’s 
or Amie’s 
medium

Remove 
mucus 
before col-
lection of 
specimen.

Do not use 
lubricant on 
speculum; 
use viral/chla-
mydial trans-
port medium, 
if necessary; 
swab deeply 
into endocervi-
cal canal.

� 2 h/RT 24 h/RT BA, CA, TM Gram

Cul-de-
sac �uid

Anaerobic 
transporter

Submit aspirate. <2 h/RT 24 h/RT BA, CA, Mac, 
TM, CNA

BBA, LKV, 
BBE

Gram

Endome-
trium

Anaerobic 
transporter

Surgical biopsy 
or transcervi-
cal aspirate 
via sheathed 
catheter.

� 2 h/RT 24 h/RT BA, CA, Mac, 
TM, CNA

BBA, LKV, 
BBE

Gram

Products 
of con-
ception

Sterile tube or 
anaerobic 
transport 
system

If no discharge 
can be 
obtained, wash 
periurethral area 
with povidone-
iodine soap; 
rinse with water. 
Insert swab 2–4 
cm into urethra, 
rotate for 2 s

� 2 h/RT 24 h/RT BA, CA, Mac, 
TM, CNA

BBA, LKV, 
BBE

Urethra Swab moist-
ened with 
Stuart’s 
or Amie’s 
medium

Collect 1 
hour after 
patient’s 
last urina-
tion.

Remove exu-
date from 
urethral 
opening.

Collect discharge 
by massaging 
urethra against 
pubic symphy-
sis or insert �ex-
ible swab 2–4 
cm into urethra 
and rotate swab 
for 2 s; collect 
at least 1 h 
after patient has 
urinated.

� 2 h/RT 24 h/RT TM Gram Other considerations: 
chlamydia, myco-
plasma.

   Collection, Transport, Storage, and Processing of Specimens Commonly Submitted to a Microbiology Laboratory—cont’d
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Continued

Specimen Container
Patient 
Preparation

Special 
Instructions

Transportation 
to Laboratory

Storage 
Before 
Processing

Primary  
Plating  
Media

Anaerobic 
Media

Direct 
Examination Comments

Vagina Swab moist-
ened with 
Stuart’s 
or Amie’s 
medium

Remove 
exudate.

Swab secretions 
and mucous 
membrane of 
vagina.

If a smear is also 
required, use a 
second swab.

� 2 h/RT 24 h/RT BA, TM
Culture is not 

recom-
mended 
for the 
diagnosis 
of bacterial 
vaginosis; 
inoculate 
selective 
medium 
for group B 
streptococ-
cus (LIM 
broth) if 
indicated 
for vaginal/
rectal screen 
in pregnant 
women.

Gram Examine Gram stain 
for bacterial vagino-
sis, especially white 
blood cells, clue 
cells, gram-positive 
rods indicative of 
Lactobacillus, and 
curved, gram-nega-
tive rods indicative of 
Mobiluncus spp.

Subculture Group 
B streptococcus 
enrichment broth to 
chromogenic screen-
ing agar, or use 
broth for nucleic acid 
testing.

Male or 
female 
genital 
lesion

Swab transport Remove surface of 
the lesion with 
sterile scalpel; 
rub base of 
lesion with a 
sterile swab.

� 2 h/RT 24 h/RT

H. ducreyi CA with vanco-
mycin (3µg/
Ml)

Gram Gram stain resembling 
a “school of �sh.”

Male

Prostate Swab moist-
ened with 
Stuart’s 
or Amie’s 
medium or 
sterile, screw-
cap tube

Clean urethral 
meatus with 
soap and 
water and 
massage 
the prostate 
through the 
rectum.

Collect secretions 
on swab or in 
tube.

� 2 h/RT for 
swab; imme-
diately if in 
tube/RT

24 h/RT for 
swab; plate 
secretions 
immediately 
if in tube

BA, CA, Mac, 
TM, CNA

BBA, LKV, 
BBE

Gram
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Specimen Container
Patient 
Preparation

Special 
Instructions

Transportation 
to Laboratory

Storage 
Before 
Processing

Primary  
Plating  
Media

Anaerobic 
Media

Direct 
Examination Comments

Urethra Swab moist-
ened with 
Stuart’s 
or Amie’s 
medium

Insert �exible 
swab 2–4 cm 
into urethra 
and rotate for 
2 s or collect 
discharge.

� 2 h/RT 24 h/RT TM Gram Other considerations: 
chlamydia, myco-
plasma.

Hair, Nails, or Skin Scrapings (for Fungal Culture)

Clean, screw-
top tube

Nails or 
skin: wipe 
with 70% 
alcohol

Hair: collect hairs 
with intact shaft.

Nails: send 
clippings of 
affected area.

Skin: scrape skin 
at leading edge 
of lesion.

Within 72 h/RT Inde�nitely/
RT

SDA, IMAcg, 
SDAcg

CW

Respiratory Tract

Lower

BAL, BB, 
BW or 
endo-
tracheal 
aspirate

Sterile, screw-
top container

Anaerobic culture 
appropriate only 
if sheathed (pro-
tected) catheter 
used.

� 2 h/RT 24 h/4°C BA, CA, Mac, 
CNA

BBA, LKV (only  
acceptable  
for protected 
broncho-
scopic 
brushing in 
anaerobic 
transport).

Gram and other 
special stains 
as requested 
(e.g., Legio-
nella DFA, 
acid-fast 
stain).

Other considerations: 
quantitative cul-
ture for BAL, AFB, 
Legionella (BCYE), 
Nocardia, Myco-
plasma, Pneumocys-
tis, Cytomegalovirus.

Sputum Sterile, screw-
top container

Have patient 
brush 
teeth and 
then rinse 
or gargle 
with water 
before col-
lection.

Have patient collect 
from deep cough; 
specimen should 
be examined 
for suitability for 
culture by Gram 
stain; induced 
sputa on pedi-
atric or uncoop-
erative patients 
may be watery 
because of saline 
nebulization.

� 2 h/RT <24 h/4°C BA, CA, Mac,
Cystic �brosis 

patients, add
BCSA/, 

OFPBL, 
Mannitol salt 
and IMA

Gram and other 
special stains 
as requested 
(e.g., Legio-
nella DFA, 
acid-fast 
stain)

Other considerations: 
AFB, Nocardia, 
Legionella (BCYE).

   Collection, Transport, Storage, and Processing of Specimens Commonly Submitted to a Microbiology Laboratory—cont’d
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Continued

Specimen Container
Patient 
Preparation

Special 
Instructions

Transportation 
to Laboratory

Storage 
Before 
Processing

Primary  
Plating  
Media

Anaerobic 
Media

Direct 
Examination Comments

Upper

Nasophar-
ynx

Swab moist-
ened with 
Stuart’s 
or Amie’s 
medium

Insert �exible 
swab through 
nose into pos-
terior nasophar-
ynx and rotate 
for 5 s; speci-
men of choice 
for Bordetella 
pertussis.

� 15 min, RT 
without trans-
port media

� 2 h/RT using 
transport 
media

24 h/RT BA, CA Other considerations: 
add special media 
for Corynebacterium 
diphtheria (cystine-
tellurite or Loef�er’s 
medium), pertus-
sis, Chlamydia, and 
Mycoplasma.

Nasal Swab transport Premoisten swab 
with sterile 
saline; insert 
approximately 
1–2 cm into 
nares; rotate 
against nasal 
mucosa.

� 2 h/RT 24 h/RT B, chromo-
genic agar 
for MRSA 
screening

Pharynx 
(throat)

Swab moistened 
with Stuart’s or 
Amie’s medium

Swab dry with or 
without silica 
gel for S. pyo-
genes and C. 
diphtheriae

Swab posterior 
pharynx and 
tonsils

� 2 h/RT 24 h/RT BA or SSA Other considerations: 
add special media 
for C. diphtheria 
(cystine- 
tellurite or Loef�er’s 
medium), Neisseria 
gonorrhoeae, and 
epiglottis (Haemophi-
lus in�uenzae)

Tissue

Collected 
during 
surgery 
or biopsy 
procedure

Anaerobic 
transporter or 
sterile, screw-
cap tube

Disinfect 
skin.

Do not allow 
specimen to dry 
out; moisten 
with sterile, 
saline if not 
bloody.

� 15 min/RT 24 h/RT BA, CA, Mac, 
CNA, Thio;

BBA, LKV, 
BBE

Gram May need to homog-
enize.

Urine

Male and 
female 
voided for 
nucleic 
acid 
detection

Sterile tube or 
transport 
medium 
provided by 
manufacturer

Unpreserved
� 2 h, RT;
� 24 h, 4°C

Speci�ed by 
manufac-
turer

Chlamydia and N. gon-
orrhoeae detection.
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Specimen Container
Patient 
Preparation

Special 
Instructions

Transportation 
to Laboratory

Storage 
Before 
Processing

Primary  
Plating  
Media

Anaerobic 
Media

Direct 
Examination Comments

Clean- 
voided 
midstream 
(CVS)

Sterile, screw-
cap container

Containers that 
include a vari-
ety of chemi-
cal urinalysis 
preservatives 
may also be 
used.

Females: clean 
area with 
soap and 
water, then 
rinse with 
water; hold 
labia apart 
and begin 
voiding in 
commode; 
after several 
mL have pas
sed, collect 
midstream.

Males: clean 
glans with 
soap and 
water, then 
rinse with 
water; retract 
foreskin; 
begin voiding 
in commode;  
after several 
mL have 
passed, col-
lect mid-
stream.

Preserved � 24 
h/RT

Unpreserved 
� 1/2 h/RT

24 h/4°C BA, Mac
Optional: 

chromogenic 
agar

Check for 
pyuria, 
Gram stain 
not recom-
mended

Plate quantitatively at 
1:1000; consider 
plating quantitatively 
at 1:100 if patient is a 
female of childbear-
ing age with white 
blood cells and pos-
sible acute urethral 
syndrome.

Straight 
catheter 
(in and 
out)

Sterile, screw-cap 
container or 
urine transport 
tube with boric 
acid preservative

Clean urethral 
area (soap 
and water) 
and rinse 
(water).

Insert catheter into 
bladder; allow 
�rst 15 mL to 
pass; then col-
lect remainder.

Unpreserved
� 1/2 h/RT
Preserved �  24 

h/RT

24 h/4°C BA, Mac
Optional: 

chromogenic 
agar

Gram or 
check for 
pyuria

Plate quantitatively at 
1:100 and 1:1000.

Culture of Foley cath-
eters is not recom-
mended.

Supra-
pubic 
aspirate

Sterile, screw-
cap container 
or anaerobic 
transporter

Disinfect 
skin.

Needle aspiration  
above the sym
physis pubis 
through the 
abdominal wall into 
the full bladder.

Immediately/RT Plate as 
soon as 
received

BA, Mac, CNA 
Thio

BBA, LKV, 
BBE

Gram or 
check for 
pyuria

Plate quantitatively at 
1:100 and 1:1000.

AFB, Acid-fast bacilli; AM, morning; AO, acridine orange stain; BA, blood agar; BAL, bronchial alveolar lavage; BB, bronchial brush; BBA, brucella blood agar; BBE, Bacteroides bile esculin agar; BCSA, B. cepacia selective agar; 
BCYE, buffered charcoal-yeast extract agar; BHI, brain heart infusion agar; BW, bronchial wash; CA, chocolate agar; CCFA, cycloserine-cefoxitin-fructose agar; Campy, selective Campylobacter agar; CIN, cefsulodin-Igrasan-
novobiocin agar, CNA, Columbia agar with colistin and nalidixic acid; CW, calco�uor white stain; DFA, direct �uorescent antibody stain; EB, enrichment broth; GC, Neisseria gonorrhoeae; GI, gastrointestinal; Gram, Gram stain; 
H&E, hematoxylin and eosin; HE, Hektoen enteric agar; IMA, inhibitory mold agar; IMAcg, inhibitory mold agar with chloramphenicol and gentamicin; IUD, intrauterine device; LKV, laked blood agar with kanamycin and vancomy-
cin; Mac, MacConkey agar; Mac-S, MacConkey-sorbitol; OFPBL, oxidative-fermentative polymyxin B-bacitracin-lactose-agar; O&P, ova and parasite examination; PVA, polyvinyl alcohol; RT, room temperature; SDA, Sabouraud 
dextrose agar; SDAcg, Sabouraud dextrose agar with cycloheximide and gentamicin; SPS, sodium polyanethol sulfonate; SSA, group A streptococcus selective agar; thio, thioglycollate broth; TM, Thayer-Martin agar.
aSpecimens for viruses, chlamydia, and mycoplasma are usually submitted in appropriate transport media at 4°C to stabilize respective microorganisms.

   Collection, Transport, Storage, and Processing of Specimens Commonly Submitted to a Microbiology Laboratory—cont’d
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requisition is a hard (paper) copy of the physician’s orders 
and the patient’s demographic information (e.g., name and 
hospital number). Sometimes, however, if a hospital infor-
mation system o�ers computerized order entry, the requi-
sition is transported to the laboratory electronically. �e 
requisition should contain as much information as possible 
regarding the patient history and diagnosis. �is informa-
tion helps the microbiologist work up the specimen and 
�E�F�U�F�S�N�J�O�F �X�I�J�D�I �P�S�H�B�O�J�T�N�T �B�S�F �T�J�H�O�J�ë�D�B�O�U �J�O �U�I�F �D�V�M�U�V�S�F�� �" 
complete requisition should include the following:
���t����h�F �Q�B�U�J�F�O�U���T �O�B�N�F
���t����)�P�T�Q�J�U�B�M �J�E�F�O�U�J�ë�D�B�U�J�P�O �O�V�N�C�F�S
���t����"�H�F �B�O�E �E�B�U�F �P�G �C�J�S�U�I
���t����4�F�Y
���t����$�P�M�M�F�D�U�J�P�O �E�B�U�F �B�O�E �U�J�N�F
���t����0�S�E�F�S�J�O�H �Q�I�Z�T�J�D�J�B�O
���t����&�Y�B�D�U �O�B�U�V�S�F �B�O�E �T�P�V�S�D�F �P�G �U�I�F �T�Q�F�D�J�N�F�O
���t����%�J�B�H�O�P�T�J�T �	�N�B�Z �C�F �*�$�%���������$�. �D�P�E�F�

���t����$�V�S�S�F�O�U �B�O�U�J�N�J�D�S�P�C�J�B�M �U�I�F�S�B�Q�Z�

Rejection of Unacceptable Specimens

�$�S�J�U�F�S�J�B �G�P�S �T�Q�F�D�J�N�F�O �S�F�K�F�D�U�J�P�O �T�I�P�V�M�E �C�F �T�F�U �V�Q �B�O�E �E�J�T�U�S�J�C-
uted to all clinical practitioners. In general, specimens are 
unacceptable if any of the following conditions apply:
���t����h�F �J�O�G�P�S�N�B�U�J�P�O �P�O �U�I�F �M�B�C�F�M �E�P�F�T �O�P�U �N�B�U�D�I �U�I�F �J�O�G�P�S-

mation on the requisition or the specimen is not labeled 
at all (the patient’s name or the source of the specimen is 
di�erent).

���t����h�F �T�Q�F�D�J�N�F�O �I�B�T �C�F�F�O �U�S�B�O�T�Q�P�S�U�F�E �B�U �U�I�F �J�N�Q�S�P�Q�F�S 
temperature.

���t����h�F �T�Q�F�D�J�N�F�O �I�B�T �O�P�U �C�F�F�O �U�S�B�O�T�Q�P�S�U�F�E �J�O �U�I�F �Q�S�P�Q�F�S 
medium (e.g., specimens for anaerobic bacteria submit-
ted in aerobic transports).

���t����h�F �R�V�B�O�U�J�U�Z �P�G �T�Q�F�D�J�N�F�O �J�T �J�O�T�V�ï�D�J�F�O�U �G�P�S �U�F�T�U�J�O�H �	�U�I�F 
�T�Q�F�D�J�N�F�O �J�T �D�P�O�T�J�E�F�S�F�E �R�V�B�O�U�J�U�Z���O�P�U���T�V�ï�D�J�F�O�U �<�2�/�4�>�
��

���t����h�F �T�Q�F�D�J�N�F�O �J�T �M�F�B�L�J�O�H��
���t����h�F �T�Q�F�D�J�N�F�O �U�S�B�O�T�Q�P�S�U �U�J�N�F �F�Y�D�F�F�E�T �U�I�F �S�F�D�P�N�N�F�O�E�F�E 

postcollection to set-up time or the specimen is not 
preserved.

���t����h�F �T�Q�F�D�J�N�F�O �X�B�T �S�F�D�F�J�W�F�E �J�O �B �ë�Y�B�U�J�W�F �	�G�P�S�N�B�M�J�O�
�
 
which, in essence, kills any microorganism present.

���t����h�F �T�Q�F�D�J�N�F�O �I�B�T �C�F�F�O �S�F�D�F�J�W�F�E �G�P�S �B�O�B�F�S�P�C�J�D �D�V�M�U�V�S�F 
from a site known to have anaerobes as part of the nor-
mal microbiota (vagina, mouth).

���t����h�F �T�Q�F�D�J�N�F�O �J�T �E�S�J�F�E��
���t����1�S�P�D�F�T�T�J�O�H �U�I�F �T�Q�F�D�J�N�F�O �X�P�V�M�E �Q�S�P�E�V�D�F �J�O�G�P�S�N�B�U�J�P�O �P�G 

questionable medical value (e.g., Foley catheter tip).
It is important to always talk to the requesting physi-

cian or another member of the health care team before 
discarding unacceptable specimens. �is is particularly 
important if the specimen was collected using an invasive 
technique such as a surgical biopsy and collection of a new 
specimen would be di�cult or impossible. In these cases, 
mislabeling of a specimen or requisition may be corrected 
�C�Z �I�B�W�J�O�H �U�I�F �Q�F�S�T�P�O �X�I�P �D�P�M�M�F�D�U�F�E �U�I�F �T�Q�F�D�J�N�F�O �B�O�E �ë�M�M�F�E 
out the paperwork come to the laboratory and correct the 
problem; a mislabeled specimen or requisition should not 
�C�F �J�E�F�O�U�J�ë�F�E �P�W�F�S �U�I�F �U�F�M�F�Q�I�P�O�F�� �)�P�X�F�W�F�S�
 �D�P�S�S�F�D�U�J�P�O �P�G 
mislabeled specimens must be completed at the discre-
tion of the laboratory’s standard operating procedures. It 
is often necessary to do the best possible job on a less than 
optimal specimen if it would be impossible to collect the 
specimen again because the patient is taking antibiotics, 
the tissue was collected at surgery, or the patient would 
have to undergo a second invasive procedure (bone mar-
row or spinal tap). A notation regarding improper collec-
�U�J�P�O �T�I�P�V�M�E �C�F �B�E�E�F�E �U�P �U�I�F �ë�O�B�M �S�F�Q�P�S�U �J�O �U�I�J�T �J�O�T�U�B�O�D�F 
because only the primary caregiver is able to determine the 
validity of the results.�

Specimen Processing

Depending on the site of testing (hospital, independent 
laboratory, physician’s o�ce laboratory) and how the speci-
mens are transported to the laboratory (in-house, courier, or 
driver), microbiology samples may arrive in the laboratory in 
large numbers or as single tests. Although batch processing 
may be possible in large independent laboratories, hospital 
testing is typically performed as specimens arrive. Surgical 
specimens or specimens from a patient in the emergency 
room should be processed immediately for any direct testing 
orders such as Gram staining or nucleic acid testing, prior to 
the administration of antibiotics. When multiple specimens 
arrive at the same time, priority should be given to those 
�U�I�B�U �B�S�F �N�P�T�U �D�S�J�U�J�D�B�M�
 �T�V�D�I �B�T �D�F�S�F�C�S�P�T�Q�J�O�B�M �ì�V�J�E �	�$�4�'�
�
 
tissue, blood, and sterile �uids. Urine, throat, sputa, stool, 
or wound drainage specimens can be saved for later. On 
arrival in the laboratory, the time and date received should 
be recorded. Acid-fast, viral, and fungal specimens are usu-
ally batched for processing. When a specimen is received 
with multiple requests but the amount of specimen is insuf-
�ë�D�J�F�O�U �U�P �E�P �B�M�M �P�G �U�I�F�N�
 �U�I�F �N�J�D�S�P�C�J�P�M�P�H�J�T�U �T�I�P�V�M�E �D�B�M�M �U�I�F 
clinician to prioritize the testing. Any time a laboratory sta� 
member contacts the physician or nurse, the conversation 
and agreed-upon information should be documented to 
ensure proper follow-up.�

�t Fig. �.�   Specimen bag with biohazard label, separate pouch for 
paperwork, and self-seal. (Courtesy Allegiance Healthcare Corp., 
McGaw Park, IL.)
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Gross Examination of Specimen

All processing should begin with a gross examination of the 
specimen. Areas with blood or mucus should be located and 
sampled for culture and direct examination. Stool should 
be examined for evidence of barium (i.e., chalky white 
color), which would preclude O&P examination. Nota-
tions should be made on the handwritten or electronic 
work card regarding the status of the specimen (e.g., bloody, 
cloudy, clotted) so that if more than one person works on 
the sample, the results of the gross examination are available 
for consultation.�

Direct Microscopic Examination

All appropriate specimens should have a direct micro-
scopic examination (smear of the primary specimen). 
�e direct examination serves several purposes. First, 
the quality of the specimen can be assessed; for example, 
sputa can be rejected that represents saliva and not lower 
respiratory tract secretions by quantitation of white blood 
cells or squamous epithelial cells present in the specimen. 
Second, the microbiologist and clinician can be given an 
early indication of what may be wrong with the patient 
(e.g., 4+ gram-positive cocci in clusters in an exudate). 
�ird, the work-up of the specimen can be guided by 
comparing what grows in culture to what was seen on 
the original smear. A situation in which three di�erent 
morphotypes (cellular types) are seen on direct Gram 
stain but only two grow in culture, for example, alerts the 
microbiologist to the fact that the third organism may be 
an anaerobic bacterium. If there were more than three 
organisms on the culture plate that were not visible on 
Gram stain, this would indicate possible contamination. 
Gram stains are often also layered with cells and debris. 
Organisms that appear on the surface of white blood 
cells actually may be ingested organisms that are no lon-
ger viable or capable of growth. It is imperative that the 
Gram stain results and specimen culture correlate to the 
type of specimen to ensure that accurate information is 
provided to the clinician.

Direct examinations are usually not performed on throat, 
nasopharyngeal, or stool specimens because of the presence 
of abundant normal microbiota but are indicated from most 
other sources.

�5�I�F �N�P�T�U �D�P�N�N�P�O �T�U�B�J�O �J�O �C�B�D�U�F�S�J�P�M�P�H�Z �J�T �U�I�F �(�S�B�N 
stain, which helps the clinician visualize rods, cocci, 
white blood cells, red blood cells, or squamous epithe-
�M�J�B�M �D�F�M�M�T �Q�S�F�T�F�O�U �J�O �U�I�F �T�B�N�Q�M�F�� �5�I�F �N�P�T�U �D�P�N�N�P�O �E�J�S�F�D�U 
fungal stains are KOH (potassium hydroxide), PAS 
(periodic-acid Schiff ), GMS (Grocott’s methenamine 
silver stain), and calcofluor white. Although rarely used 
in the clinical laboratory, the most common direct acid-
fast stain is the Kinyoun modification (cold method) of 
the Ziehl-Neelsen (hot method) procedure. �$�I�B�Q�U�F�S �� 
describes the use of microscopy in clinical diagnosis in 
more detail.�

Selection of Culture Media

Primary culture media are divided into several categories. �e 
�ë�S�T�U �J�T nutritive media, such as blood agar. Nutritive media 
support the growth of a wide range of nonfastidious microor-
ganisms and are considered nonselective because, theoretically, 
the growth of most organisms is supported. Nutritive media 
can also be di�erential, in that microorganisms can be distin-
guished on the basis of certain growth characteristics evident on 
the medium. Blood agar is considered both a nutritive and dif-
ferential medium because it di�erentiates organisms based on 
whether they are alpha (� )-, beta (� )-, or gamma (� )-hemolytic 
(�'�J�H�� ������). Selective media support the growth of one group 
of organisms but not another by adding antimicrobials, dyes, 
alcohol, or other inhibitory chemicals to a particular medium. 
�.�B�D�$�P�O�L�F�Z �B�H�B�S�
 �G�P�S �F�Y�B�N�Q�M�F�
 �D�P�O�U�B�J�O�T �U�I�F �E�Z�F �D�S�Z�T�U�B�M �W�J�P�M�F�U�
 
�X�I�J�D�I �J�O�I�J�C�J�U�T �H�S�B�N���Q�P�T�J�U�J�W�F �P�S�H�B�O�J�T�N�T�� �$�P�M�V�N�C�J�B �B�H�B�S �X�J�U�I 
�D�P�M�J�T�U�J�O �B�O�E �O�B�M�J�E�J�Y�J�D �B�D�J�E �	�$�/�"�
 �J�T �B �T�F�M�F�D�U�J�W�F �N�F�E�J�V�N �G�P�S 
gram-positive organisms because the antimicrobials colistin and 
nalidixic acid inhibit gram-negative organisms. Selective media 
can also be di�erential media if, in addition to their inhibitory 
activity, they di�erentiate between groups of organisms. Mac-
�$�P�O�L�F�Z �B�H�B�S�
 �G�P�S �F�Y�B�N�Q�M�F�
 �E�J�ê�F�S�F�O�U�J�B�U�F�T �C�F�U�X�F�F�O �M�B�D�U�P�T�F���G�F�S-
menting and nonfermenting gram-negative rods by the color 
of the colonial growth (pink or clear, respectively); this is shown 
in �'�J�H�� ������. Fastidious organisms are organisms that require spe-
�D�J�ë�D �O�V�U�S�J�U�J�P�O�B�M �P�S �F�O�W�J�S�P�O�N�F�O�U�B�M �D�P�O�E�J�U�J�P�O�T �U�P �F�O�I�B�O�D�F �U�I�F�J�S 
�H�S�P�X�U�I�� �$�I�P�D�P�M�B�U�F �B�H�B�S �J�T �D�P�O�T�J�E�F�S�F�E �B�O enrichment media 
that is used in most routine cultures for the enhancement of 
growth for commonly isolated fastidious organisms such as 
Haemophilus spp. In some cases (sterile body �uids, tissues, or 
deep abscesses in a patient receiving antimicrobial therapy), 
backup broth (also called supplemental or enrichment broth) 
medium is inoculated, along with primary solid (agar) media, 
so small numbers of organisms present may be detected; this 
allows detection of anaerobes in aerobic cultures and organ-
isms that may be damaged by either previous or concurrent 
antimicrobial therapy. �ioglycollate (thio) broth, brain-heart 
�J�O�G�V�T�J�P�O �C�S�P�U�I �	�#�)�*�#�
�
 �B�O�E �U�S�Z�Q�U�J�D �T�P�Z �C�S�P�U�I �	�5�4�#�
 �B�S�F �D�P�N-
mon backup broths.

Selection of media to inoculate for any given specimen 
is usually based on the organisms most likely to be involved 
in the disease process at the particular site of infection. For 
�F�Y�B�N�Q�M�F�
 �J�O �E�F�U�F�S�N�J�O�J�O�H �X�I�B�U �U�P �T�F�U �V�Q �G�P�S �B �$�4�' �T�Q�F�D�J�N�F�O�
 
one considers the most likely pathogens that cause meningitis 
(Streptococcus pneumoniae, Haemophilus in�uenzae, Neisseria 
meningitidis, Escherichia coli, group B streptococcus) and selects 
media that will support the growth of these organisms (blood 
and chocolate agar at a minimum). Likewise, if a specimen is 
collected from a source likely to be contaminated with normal 
�N�J�D�S�P�C�J�P�U�B�‰�G�P�S �F�Y�B�N�Q�M�F�
 �B�O �B�O�B�M �ë�T�U�V�M�B �	�B�O �P�Q�F�O�J�O�H �P�G �U�I�F 
surface of the skin near the anus that may communicate with 
the rectum)—the laboratorian might want to add a selective 
�N�F�E�J�V�N�
 �T�V�D�I �B�T �$�/�"�
 �U�P �T�V�Q�Q�S�F�T�T �H�S�B�N���O�F�H�B�U�J�W�F �C�B�D�U�F�S�J�B �B�O�E 
allow gram-positive bacteria and yeast to be recovered.

In addition to primary plating media, chromogenic 
agars are now available for a variety of organisms that 
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�t Fig. �.�   MacConkey agar.  (A) Escherichia coli, a lactose fermenter. (B) Pseudomonas aeruginosa, a 
nonlactose fermenter.

�t Fig. �.�   Examples of various types of hemolysis on 
blood agar.  (A) Streptococcus pneumoniae showing 
alpha (� )-hemolysis (i.e., greening around colony). (B) 
Staphylococcus aureus showing beta (� )-hemolysis 
(i.e., clearing around colony). (C) Enterococcus faeca-
lis showing gamma (� )-hemolysis (i.e., no hemolysis 
around colony).
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produce pigmented colonies based on the genus or species 
of a particular group of bacteria or yeast. �ese media are 
often used for screening specimens for pathogens, such as 
methicillin-resistant Staphylococcus aureus (MRSA), vanco-
�N�Z�D�J�O���S�F�T�J�T�U�B�O�U �F�O�U�F�S�P�D�P�D�D�J �	�7�3�&�
�
 �B�O�E Candida species, 
to name a few.

Routine primary plating media and direct examinations 
for specimens commonly submitted to the microbiology 
laboratory are shown in �5�B�C�M�F ������. Samples received on swab 
�T�I�P�V�M�E �C�F �Q�M�B�U�F�E �U�P �U�I�F �M�F�B�T�U �J�O�I�J�C�J�U�P�S�Z �N�F�E�J�B �ë�S�T�U�
 �G�P�M�M�P�X�F�E 
by additional media prior to making a smear for Gram 
staining. �$�I�B�Q�U�F�S �� on bacterial cultivation reemphasizes 
the strategies for selection and the use of bacterial media.�

Specimen Preparation

Many specimens require some form of initial treatment 
before inoculation onto primary plating media. Such proce-
dures include homogenization, grinding of bone, or minc-
�J�O�H �P�G �U�J�T�T�V�F�� �D�P�O�D�F�O�U�S�B�U�J�P�O �C�Z �D�F�O�U�S�J�G�V�H�B�U�J�P�O �P�S �ë�M�U�S�B�U�J�P�O 
of large volumes of sterile �uids, such as ascites (peritoneal) 
or pleural (lung) �uids; or decontamination of respiratory 
specimens, such as those for legionellae or mycobacteria. 
�5�S�B�E�J�U�J�P�O�B�M �ë�C�F�S �T�X�B�C �T�Q�F�D�J�N�F�O�T �I�B�W�F �B�O �J�O�U�F�S�O�B�M �N�B�U�U�S�F�T�T 
core that can trap organisms and may be vortexed (mixed) 
�J�O ������ �U�P �� �N�- �P�G �T�B�M�J�O�F �P�S �C�S�P�U�I �G�P�S ���� �U�P ���� �T�F�D�P�O�E�T �U�P 
�E�J�T�M�P�E�H�F �N�B�U�F�S�J�B�M �G�S�P�N �U�I�F �ë�C�F�S�T�� �'�M�P�D�L�F�E �T�X�B�C�T �D�P�O�U�B�J�O �O�P 
�N�B�U�U�S�F�T�T �D�P�S�F�� �h�F �ë�C�F�S�T �B�S�F �E�F�T�J�H�O�F�E �U�P �J�P�O�J�D�B�M�M�Z �C�J�O�E �U�I�F 
�O�F�H�B�U�J�W�F �D�I�B�S�H�F�T �P�O �U�I�F �T�V�S�G�B�D�F �P�G �D�F�M�M�T �	�$�P�Q�B�O �%�J�B�H�O�P�T�U�J�D�T�
 
�.�V�S�S�J�F�U�B�
 �$�"�
�� �4�P�N�F �ì�P�D�L�F�E �T�X�B�C�T �D�P�N�F �J�O �M�J�R�V�J�E �N�F�E�J�B�� 
the specimen can be mixed in the original container by vor-
texing prior to inoculating media and preparing a direct 
smear.�

Inoculation on Solid Media

Specimens can be inoculated (plated) onto solid media 
either quantitatively by a dilution procedure or by means 
of a quantitative loop or semiquantitatively using an 
ordinary inoculating loop. Urine cultures and tissues from 
burn victims are plated quantitatively; everything else is 
usually plated semiquantitatively. Plates inoculated for 
�R�V�B�O�U�J�U�B�U�J�P�O �B�S�F �V�T�V�B�M�M�Z �T�U�S�F�B�L�F�E �X�J�U�I �B ���������� �P�S ������������ 
loop. Plates inoculated for semiquantitation are usually 
streaked out in four quadrants. A variety of automated 
medium inoculators are also available. Detailed methods 
for streaking solid media are provided in �$�I�B�Q�U�F�S ���
 �'�J�H�� 
�������� Semiquantitation is referred to as streaking for isola-
tion because the microorganisms present in the specimen 
are successively diluted out as each quadrant is streaked 
�V�O�U�J�M �ë�O�B�M�M�Z �F�B�D�I �N�P�S�Q�I�P�U�Z�Q�F �J�T �Q�S�F�T�F�O�U �B�T �B �T�J�O�H�M�F �D�P�M�P�O�Z�� 
Numbers of organisms present can subsequently be graded 
as 4+ (many, heavy growth) if growth is out to the fourth 
quadrant, 3+ (moderate growth) if growth is out to the 
third quadrant, 2+ (few or light growth) if growth is in 
�U�I�F �T�F�D�P�O�E �R�V�B�E�S�B�O�U�
 �B�O�E ���� �	�S�B�S�F�
 �J�G �H�S�P�X�U�I �J�T �J�O �U�I�F �ë�S�T�U 
quadrant. �is tells the clinician the relative numbers of 

di�erent organisms present in the specimen; such semi-
quantitative information is usually su�cient for the physi-
cian to be able to treat the patient.�

Incubation Conditions

Inoculated media are incubated under various temperatures 
and environmental conditions, depending on the organ-
�J�T�N�T �T�V�T�Q�F�D�U�F�E�‰�G�P�S �F�Y�B�N�Q�M�F�
 �����¡ �U�P �����¡�$ �G�P�S �G�V�O�H�J �B�O�E 
�����¡ �U�P �����¡�$ �G�P�S �N�P�T�U �C�B�D�U�F�S�J�B�
 �W�J�S�V�T�F�T�
 �B�O�E �B�D�J�E���G�B�T�U �C�B�D�J�M-
lus. A number of di�erent environmental conditions exist. 
Aerobes �H�S�P�X �J�O �B�N�C�J�F�O�U �B�J�S�
 �X�I�J�D�I �D�P�O�U�B�J�O�T ������  �P�Y�Z�H�F�O 
(O2�
 �B�O�E �B �T�N�B�M�M �B�N�P�V�O�U �	�����������
 �P�G �D�B�S�C�P�O �E�J�P�Y�J�E�F �	�$�02). 
Anaerobes usually cannot grow in the presence of O2, and 
the atmosphere in anaerobe jars, bags, or chambers is com-
�Q�P�T�F�E �P�G ���� �U�P ������ �I�Z�E�S�P�H�F�O �	�)2�
�
 ���� �U�P ������ �$�02�
 ������ 
�U�P ������  �O�J�U�S�P�H�F�O �	�/2�
�
 �B�O�E ����  �02. Aerotolerant micro-
organisms are anaerobes that do not use oxygen but are 
not killed by a small amount. Microaerobic refers to both 
�D�B�Q�O�P�Q�I�J�M�J�D �B�O�E �N�J�D�S�P�B�F�S�P�Q�I�J�M�J�D �P�S�H�B�O�J�T�N�T�� �$�B�Q�O�P�Q�I�J�M�F�T�
 
such as Haemophilus in�uenzae and Neisseria gonorrhoeae, 
�S�F�R�V�J�S�F �J�O�D�S�F�B�T�F�E �D�P�O�D�F�O�U�S�B�U�J�P�O�T �P�G �$�02 �	���� �U�P �������
 �B�O�E 
�B�Q�Q�S�P�Y�J�N�B�U�F�M�Z ������  �02. �is atmosphere can be achieved 
�C�Z �B �D�B�O�E�M�F �K�B�S �	���� �$�02�
 �P�S �B �$�02 incubator, chamber, 
or bag. Microaerophiles (Campylobacter jejuni, Helicobacter 
pylori) grow under reduced O2 �	���� �U�P �������
 �B�O�E �J�O�D�S�F�B�T�F�E 
�$�02 �	���� �U�P �������
�� �h�J�T �F�O�W�J�S�P�O�N�F�O�U �D�B�O �B�M�T�P �C�F �P�C�U�B�J�O�F�E 
in specially designed chambers, jars, or bags. Both anaero-
bic and microaerobic environments may be produced using 
an automated microprocessor-controlled system, such as 
the Advanced Axonomat, to create the desired atmospheric 
�C�B�M�B�O�D�F �P�G �H�B�T�F�T �S�F�R�V�J�S�F�E �G�P�S �T�Q�F�D�J�ë�D �P�S�H�B�O�J�T�N�B�M �H�S�P�X�U�I 
(Advanced Instruments, Norwood, MA). More detailed 
information is included in �$�I�B�Q�U�F�S ����.�

Specimen Work-Up

One of the most important functions that a microbiologist 
performs is deciding what is clinically relevant regarding 
�T�Q�F�D�J�N�F�O �X�P�S�L���V�Q�� �$�P�O�T�J�E�F�S�B�C�M�F �K�V�E�H�N�F�O�U �J�T �S�F�R�V�J�S�F�E �U�P 
decide what organisms to look for and report. It is essential 
to recognize what constitutes indigenous (normal) micro-
biota and what constitutes a potential pathogen. Indiscrim-
�J�O�B�U�F �J�E�F�O�U�J�ë�D�B�U�J�P�O�
 �T�V�T�D�F�Q�U�J�C�J�M�J�U�Z �U�F�T�U�J�O�H�
 �B�O�E �S�F�Q�P�S�U�J�O�H �P�G 
normal microbiota can contribute to the unnecessary use of 
antibiotics and the potential emergence of resistant organ-
isms. Because organisms that are clinically relevant to iden-
tify and report vary by source, the microbiologist should 
know which organisms cause disease at various sites. Part 
VII contains a detailed discussion of these issues.

Extent of Identification Required

As health care continues to change, one of the most prob-
lematic issues for microbiologists is the extent of culture 
�X�P�S�L���V�Q�� �.�J�D�S�P�C�J�P�M�P�H�J�T�U�T �T�U�J�M�M �S�F�M�Z �I�F�B�W�J�M�Z �P�O �E�F�ë�O�J�U�J�W�F �J�E�F�O-
�U�J�ë�D�B�U�J�P�O�
 �B�M�U�I�P�V�H�I �T�I�P�S�U�D�V�U�T�
 �J�O�D�M�V�E�J�O�H �U�I�F �V�T�F �P�G �M�J�N�J�U�F�E 
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�J�E�F�O�U�J�ë�D�B�U�J�P�O �Q�S�P�D�F�E�V�S�F�T �J�O �T�P�N�F �D�B�T�F�T�
 �B�S�F �C�F�D�P�N�J�O�H �D�P�N-
�N�P�O�Q�M�B�D�F �J�O �N�P�T�U �D�M�J�O�J�D�B�M �M�B�C�P�S�B�U�P�S�J�F�T�� �$�B�S�F�G�V�M �B�Q�Q�M�J�D�B�U�J�P�O 
�P�G �L�O�P�X�M�F�E�H�F �P�G �U�I�F �T�J�H�O�J�ë�D�B�O�D�F �P�G �W�B�S�J�P�V�T �P�S�H�B�O�J�T�N�T �J�O 
�T�Q�F�D�J�ë�D �T�J�U�V�B�U�J�P�O�T �B�O�E �U�I�P�V�H�I�U�G�V�M �V�T�F �P�G �M�J�N�J�U�F�E �B�Q�Q�S�P�B�D�I�F�T 
will keep microbiology testing cost-e�ective and the labora-
tory’s workload manageable, while providing for optimum 
patient care.

�$�P�N�Q�M�F�U�F �J�E�F�O�U�J�ë�D�B�U�J�P�O �P�G �B �C�M�P�P�E �D�V�M�U�V�S�F �J�T�P�M�B�U�F�
 �T�V�D�I 
as Clostridium septicum �B�T �P�Q�Q�P�T�F�E �U�P �B �H�F�O�V�T �J�E�F�O�U�J�ë�D�B�U�J�P�O 
of Clostridium spp., will alert the clinician to the possibility 
of malignancy or other disease. At the same time, a pre-
�T�V�N�Q�U�J�W�F �J�E�F�O�U�J�ë�D�B�U�J�P�O �P�G Escherichia coli if a gram-nega-
tive, spot indole-positive rod is recovered with appropriate 
�D�P�M�P�O�Z �N�P�S�Q�I�P�M�P�H�Z �P�O �.�B�D�$�P�O�L�F�Z �B�H�B�S �	�ì�B�U�
 �M�B�D�U�P�T�F���G�F�S-
menting colony that is precipitating bile salts) is probably 
permissible from an uncomplicated urinary tract infection. 
�*�O �U�I�F �ë�O�B�M �B�O�B�M�Z�T�J�T�
 �D�V�M�U�V�S�F �S�F�T�V�M�U�T �T�I�P�V�M�E �B�M�X�B�Z�T �C�F �D�P�N-
pared with the suspected diagnosis. �e clinician should be 
encouraged to supply the microbiologist with all pertinent 
information (e.g., recent travel history, pet exposure, perti-
�O�F�O�U �S�B�E�J�P�H�S�B�Q�I �ë�O�E�J�O�H�T�
 �T�P �U�I�B�U �U�I�F �N�J�D�S�P�C�J�P�M�P�H�J�T�U �D�B�O �V�T�F 
the information to interpret culture results and plan appro-
priate strategies for work-up.�

Communication of Laboratory Findings

�5�P �G�V�M�ë�M�M �U�I�F�J�S �Q�S�P�G�F�T�T�J�P�O�B�M �P�C�M�J�H�B�U�J�P�O �U�P �U�I�F �Q�B�U�J�F�O�U�
 �N�J�D�S�P-
�C�J�P�M�P�H�J�T�U�T �N�V�T�U �D�P�N�N�V�O�J�D�B�U�F �U�I�F�J�S �ë�O�E�J�O�H�T �U�P �U�I�P�T�F �I�F�B�M�U�I 
care professionals responsible for treating the patient. �is 
task is not as easy as it may seem. �is is nicely illustrated in 

a study in which a group of physicians was asked whether 
they would treat a patient with a sore throat given two 
separate laboratory reports—that is, one that stated “many 
group A streptococci” and one that stated “few group A 
streptococci.” Although group A streptococcus (Streptococ-
cus pyogenes�
 �J�T �D�P�O�T�J�E�F�S�F�E �T�J�H�O�J�ë�D�B�O�U �J�O �B�O�Z �O�V�N�C�F�S�T �J�O �B 
symptomatic individual, the physicians said that they would 
treat the patient with many organisms but not the one with 
few organisms. �us, although a pathogen (group A strep-
tococcus) was isolated in both cases, one word on the report 
(either many or few) made a di�erence in how the patient 
would be treated.

In communicating with the physician, the microbiologist 
can prevent confusion and misunderstanding by not using 
jargon or abbreviations and by providing reports with clear-
cut conclusions. �e microbiologist should not assume that 
the clinician is fully familiar with laboratory procedures or 
the latest microbial taxonomic schemes. �us, when appro-
priate, interpretive statements should be included in the 
�X�S�J�U�U�F�O �S�F�Q�P�S�U �B�M�P�O�H �X�J�U�I �U�I�F �T�Q�F�D�J�ë�D �S�F�T�V�M�U�T�� �0�O�F �F�Y�B�N�Q�M�F 
would be the addition of a statement such as “suggests con-
tamination at collection” when more than three organisms 
are isolated from a clean-voided midstream urine specimen.

Laboratory newsletters should be used to provide phy-
sicians with material such as details of new procedures, 
nomenclature changes, and changes in usual antimicrobial 
susceptibility patterns of frequently isolated organisms. �is 
last information, discussed in more detail in �$�I�B�Q�U�F�S ����, 
is very useful to clinicians when selecting empiric therapy. 
Empiric therapy is based on the physician determining the 
most likely organism causing a patient’s clinical symptoms 
and then selecting an antimicrobial that, in the past, has 
worked against that organism in a particular hospital or geo-
�H�S�B�Q�I�J�D �B�S�F�B�� �&�N�Q�J�S�J�D �U�I�F�S�B�Q�Z �J�T �V�T�F�E �U�P �J�O�J�U�J�B�U�F �U�S�F�B�U�N�F�O�U 
following a direct testing method such as a Gram stain or 
nucleic acid test before the results of the patient’s culture 
are known and may be critical to the patient’s well-being in 
cases of life-threatening illnesses.

�1�P�T�J�U�J�W�F �ë�O�E�J�O�H�T �T�I�P�V�M�E �C�F �D�P�N�N�V�O�J�D�B�U�F�E �U�P �U�I�F �D�M�J�O�J-
cian in a timely manner, and all verbal reports should be 
�G�P�M�M�P�X�F�E �C�Z �X�S�J�U�U�F�O �D�P�O�ë�S�N�B�U�J�P�O �P�G �S�F�T�V�M�U�T�� �3�F�T�V�M�U�T �T�I�P�V�M�E 
be generated electronically in the laboratory information 
system (LIS).�

Critical (Panic) Values

�$�F�S�U�B�J�O critical results must be communicated to the cli-
�O�J�D�J�B�O �J�N�N�F�E�J�B�U�F�M�Z�� �&�B�D�I �D�M�J�O�J�D�B�M �N�J�D�S�P�C�J�P�M�P�H�Z �M�B�C�P�S�B�U�P�S�Z�
 
in consultation with its medical sta�, should prepare a list 
�P�G �U�I�F�T�F �T�P���D�B�M�M�F�E �i�Q�B�O�J�D �W�B�M�V�F�T���w �$�P�N�N�P�O �Q�B�O�J�D �W�B�M�V�F�T 
include the following:
���t����1�P�T�J�U�J�W�F �C�M�P�P�E �D�V�M�U�V�S�F�T
���t����1�P�T�J�U�J�W�F �T�Q�J�O�B�M �ì�V�J�E �(�S�B�N �T�U�B�J�O �P�S �D�V�M�U�V�S�F
���t�� �Streptococcus pyogenes (group A streptococcus) in a surgi-

cal wound
���t����(�S�B�N �T�U�B�J�O �T�V�H�H�F�T�U�J�W�F �P�G �H�B�T �H�B�O�H�S�F�O�F �	�M�B�S�H�F �C�P�Y�D�B�S��

shaped gram-positive rods)

  � Common Transport Media

Media Description

Amies transport media Recovery of aerobic and 
anaerobic bacteria

Amies transport media 
with charcoal

Recovery of aerobic and 
anaerobic bacteria; charcoal 
neutralized bacterial toxins 
and other inhibitory sub-
stances, maintains pH

Anaerobic transport 
media

Numerous commercial sys-
tems available; recovery of 
anaerobes, and microaero-
bic bacteria

Cary-Blair Recovery of enteric pathogens

Formalin (5%–10%), PVA 
(poly-vinyl alcohol), 
SAF (sodium acetate-
acetic acid-formalin), 
Total-Fix, Eco-Fix

Recovery of gastrointestinal 
parasites; some may be 
acceptable for immunoas-
says

Stuart’s transport media Recovery of bacteria

Universal transport 
media

Recovery of chlamydia, myco-
plasmas and ureaplasmas 
and viruses

TABLE 
5.2 
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���t����#�M�P�P�E �T�N�F�B�S �Q�P�T�J�U�J�W�F �G�P�S �N�B�M�B�S�J�B
���t����1�P�T�J�U�J�W�F �D�S�Z�Q�U�P�D�P�D�D�B�M �B�O�U�J�H�F�O �U�F�T�U
���t����1�P�T�J�U�J�W�F �B�D�J�E���G�B�T�U �T�U�B�J�O
���t����%�F�U�F�D�U�J�P�O �P�G �B �T�F�M�F�D�U �B�H�F�O�U �	�F���H���
 Brucella) or other signif-

icant pathogen (e.g., Legionella, vancomycin-resistant S. 
aureus, or other antibiotic-resistant organisms as outlined 
by the facility and infection control policies)�

Expediting Results Reporting: 
Computerization

Laboratories process information using an LIS or laboratory 
information system. Many LIS systems are, in turn, inter-
faced with a hospital information system (HIS). Between 
the HIS and LIS, most functions involved in ordering and 
reporting laboratory tests can be handled electronically. 
�0�S�E�F�S �F�O�U�S�Z�
 �Q�B�U�J�F�O�U �J�E�F�O�U�J�ë�D�B�U�J�P�O�
 �B�O�E �T�Q�F�D�J�N�F�O �J�E�F�O�U�J�ë�D�B-
tion can be handled using the same type of bar coding that is 
commonly used in supermarkets. �e LIS also takes care of 
�S�F�T�V�M�U �S�F�Q�P�S�U�J�O�H �B�O�E �T�V�Q�F�S�W�J�T�P�S�Z �W�F�S�J�ë�D�B�U�J�P�O �P�G �S�F�T�V�M�U�T�
 �T�U�P�S�F�T 
quality control data, allows easy test inquiries, and assists 
in test management reporting by storing, for example, the 
number of positive, negative, and unsatisfactory specimens. 
LIS systems are capable of interfacing (communicating) 
with microbiology instruments to automatically download 

(transfer) and store data regarding positive cultures or anti-
microbial susceptibility results. Results of individual organ-
ism antibiograms (patterns) can then be retrieved monthly 
so hospital-wide susceptibility patterns can be studied for 
the emergence of resistant organisms or other epidemiologic 
information. LIS systems can be interfaced with printers 
or electronic facsimile machines (faxes) as well as accessed 
through smartphones or tablets for quick and easy reporting 
and information retrieval, further improving the quality of 
patient care.

 Visit the Evolve site for a complete list of procedures, 
review questions, and case studies.
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Chapter Review
	 1.	� All of the following are di�erential media except:
	 a.	� Blood agar
	 b.����$�I�P�D�P�M�B�U�F �B�H�B�S
	 c.����.�B�D�$�P�O�L�F�Z���T �B�H�B�S
	 d.����&�P�T�J�O �N�F�U�I�Z�M�F�O�F �C�M�V�F �B�H�B�S
	 2.	� Selective media:
	 a.	� May be di�erential
	 b.	� Allow growth of all organisms
	 c.	� Are used for growth of fastidious organisms
	 d.����$�P�O�U�B�J�O �E�Z�F�T �P�S �B�O�U�J�C�J�P�U�J�D�T �U�P �T�V�Q�Q�S�F�T�T �U�I�F �H�S�P�X�U�I 

of some organisms
	 3.	� A urine specimen was collected at 8:00 a.m. �e nurse 

labeled the sample and placed it next to the tube sta-
tion to be sent to the laboratory for testing. �e speci-
�N�F�O �X�B�T �S�F�D�F�J�W�F�E �J�O �U�I�F �M�B�C�P�S�B�U�P�S�Z �G�P�S �D�V�M�U�V�S�F �B�U �������� 
p.m. on the same day. �e microbiologist should:

	 a.	� Set up a routine bacteriology culture
	 b.	� Set up a routine bacteriology culture and note the time
	 c.	� Reject the specimen
	 d.����$�B�M�M �U�I�F �O�V�S�T�F �U�P �F�Y�Q�M�B�J�O �X�I�Z �U�I�F �T�Q�F�D�J�N�F�O �X�B�T 

rejected and request a new sample
	 4.	� Neisseria gonorrhoeae are capnophilic organisms and 

require:
	 a.������� �U�P ������ �$�02�
 ������ �02
	 b.������� �U�P ������ �)2�
 ���� �02
	 c.����������� �$�02�
 ������ �02
	 d.������� �U�P ������ �$�02�
 ���� �U�P ������ �02
	 5.	� Specimens may include all of the following except:
	 a.	� Sputum
	 b.����5�J�T�T�V�F �C�J�P�Q�T�Z
	 c.	� Vacutainer needle
	 d.	� Rectal swab
	 6.�� ��&�O�S�J�D�I�N�F�O�U �C�S�P�U�I �J�T �V�T�F�E �U�P��
	 a.	� Shorten incubation time by providing excess nutrients
	 b.	� Suppress normal �ora to allow pathogens to grow
	 c.	� Detect small numbers of anaerobes
	 d.	� Increase the growth of fastidious and pathogenic 

organisms
	 7.	� �e laboratory received a tissue biopsy collected in sur-

gery 3 hours earlier from a pancreatic cyst transported 
in a gauze pad, covered in saline, and placed in a bio-
hazard bag. �e microbiologist should:

	 a.	� Set up the tissue specimen after processing to blood 
�B�H�B�S �	�#�"�
�
 �.�B�D�$�P�O�L�F�Z�
 �B�O�E �D�I�P�D�P�M�B�U�F �B�H�B�S�T

	 b.����$�P�N�Q�M�F�U�F �B �(�S�B�N �T�U�B�J�O �B�O�E �E�F�U�F�S�N�J�O�F �X�I�F�U�I�F�S �U�I�F 
specimen is acceptable

	 c.	� Reject the specimen and cancel the order in the 
laboratory information system

	 d.	� Set up the specimen and make a note in the LIS 
regarding transport

	 8.	� �e laboratory received a blood culture specimen and 
�Q�M�B�D�F�E �J�U �E�J�S�F�D�U�M�Z �J�O �U�I�F �J�O�D�V�C�B�U�P�S�� �"�U ���� �I�P�V�S�T�
 �U�I�F �D�V�M-
ture indicated positive growth. �e technologist com-
pleted a Gram stain and plated some of the culture for 
�J�O�D�V�C�B�U�J�P�O �B�O�E �J�E�F�O�U�J�ë�D�B�U�J�P�O�� �*�E�F�O�U�J�G�Z �U�I�F �E�J�T�D�S�F�Q�B�O�D�Z 
or next step in the process.

	 a.����h�F �U�F�D�I�O�P�M�P�H�J�T�U �N�V�T�U �X�B�J�U �B�U �M�F�B�T�U ���� �I�P�V�S�T �G�P�S 
growth on the agar plates to identify the organism.

	 b.	� �e technologist failed to call the doctor or nurse 
immediately upon completion of the Gram stain 
with the result.

	 c.	� �e technologist completed the process correctly.
	 d.	� �e technologist must place the blood culture bot-

tle back into the culture system until there is evi-
dence of growth on the agar plates.

	 9.	� True or False
_____ Nutritive media supports the growth of all or-

ganisms.
_____ A requisition should include the patient’s name, 

hospital ID, birth date, specimen source, and col-
�M�F�D�U�J�P�O �E�B�U�F���U�J�N�F��

�@�@�@�@�@ �&�%�5�" �J�T �D�P�N�N�P�O�M�Z �V�T�F�E �U�P �D�P�M�M�F�D�U �C�M�P�P�E �G�P�S 
specimens in the microbiology laboratory.

_____ �e majority of microbiologic specimens 
should be set up within 2 hours of collection.

_____ Serum samples may be stored frozen for up to 
�� �X�F�F�L��

	10.	� Matching: Match each term with the correct description.

____ SPS
____ aerobic
____ ambient 

temperature
____ enrichment
�@�@�@�@ �$�B�N�Q�Z
____ Helicobacter sp.
____ chocolate agar
____ facultative 

anaerobe
____ critical value
____ blood agar

	 a.	� selective
�� �C������Q�P�T�J�U�J�W�F �$�4�'
	 c.	� di�erential
	 d.	� blood culture 

systems
	 e.	� requires oxygen
	 f.	� microaerophilic
	 g.	� gram-negative broth
	 h.	� with or without 

oxygen
	 i.	� room temperature
	 j.	� fastidious organisms

  

	11.	� Short Answer
	 �� ��&�Y�Q�M�B�J�O �X�I�Z �E�J�S�F�D�U �(�S�B�N �T�U�B�J�O�T �B�S�F �O�P�U �U�Z�Q�J�D�B�M�M�Z �Q�F�S-

formed on throat, nasopharyngeal, or stool specimens.  
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microbiology laboratory. Fluorescence microscopy has 
been used for specific detection of infectious agents. In 
some cases, fluorescent microscopy has been replaced 
with highly sensitive methods for the direct detection of 
organisms using nucleic acid methods. Dark-field and 
electron microscopes are not typically found within a 
clinical laboratory and are predominantly used in refer-
ence or research settings. Because of advances in tech-
nology, all types of microscopy are available in formats 
that take advantage of virtual or digital imaging for the 
acquisition and transmission of images. The micro-
organisms that can be detected or identified by each 
microscopic method also depends on the methods used 
to highlight the microorganisms and their key character-
istics. This enhancement is usually achieved using vari-
ous dyes or stains.

Bright-Field (Light) Microscopy

Principles of Light Microscopy

For bright-�eld (light) microscopy, visible light is passed 
through the specimen and then through a series of lenses that 
bend the light in a manner that results in a magni�cation of 
the organisms present in the specimen (Fig. 6.1). �e total 
magni�cation achieved is the product of the lenses used.

Magnification
In most light microscopes, the objective lens, which is clos-
est to the specimen, magni�es objects 100× (times), and 
the ocular lens, which is nearest the eye, magni�es 10×. 
Using these two lenses in combination (total magni�ca-
tion), organisms in the specimen are magni�ed 1000× their 
actual size when viewed through the ocular lens. Objective 
lenses of lower magni�cation are available so that those of 
10×, 20×, and 40× magni�cation power can provide total 
magni�cations of 100×, 200×, and 400×, respectively. Mag-
ni�cation of 1000× allows for the visualization of fungi, 
most parasites, and most bacteria, but it is not su�cient for 
observing viruses, which require magni�cation of 100,000× 
or more (see “Electron Microscopy” in this chapter).�

Resolution
To optimize visualization, other factors besides magni�ca-
tion must be considered. Resolution, de�ned as the extent 
to which detail in the magni�ed object is maintained, is also 
essential. Without it, everything would be magni�ed as an 
indistinguishable blur. �erefore, resolving power, which is 
the closest distance between two objects that, when magni-
�ed, still allows the two objects to be distinguished from 
each other, is extremely important. �e resolving power of 
light microscopes allows bacterial cells to be distinguished 
from one another but usually does not allow bacterial struc-
tures, internal or external, to be detected.

To achieve the level of resolution desired with 1000× mag-
ni�cation, oil immersion must be used in conjunction with 
light microscopy. Immersion oil has speci�c optical and vis-
cosity characteristics designed for use in microscopy. Immer-
sion oil is used to �ll the space between the objective lens 
and the glass slide onto which the specimen has been a�xed. 
When light passes from a material of one refractive index to a 
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Organism 
Group

Bright-Field 
Microscopy

Digital 
Microscopy

Fluorescence 
Microscopy

Phase-Contrast 
Microscopy

Dark-Field 
Microscopy

Bacteria + + + + ±

Fungi + + + + �

Parasites + + + + �

Viruses � + + � �

+, Commonly used; ±, limited use; �, rarely used.

TABLE 
6.1 

���t�� ��3�B�Q�J�E �Q�S�F�M�J�N�J�O�B�S�Z �P�S�H�B�O�J�T�N �J�E�F�O�U�J�m�D�B�U�J�P�O �C�Z �E�J�S�F�D�U 
�W�J�T�V�B�M�J�[�B�U�J�P�O �J�O �Q�B�U�J�F�O�U �T�Q�F�D�J�N�F�O�T

���t�� ��3�B�Q�J�E �m�O�B�M �J�E�F�O�U�J�m�D�B�U�J�P�O �P�G �D�F�S�U�B�J�O �P�S�H�B�O�J�T�N�T �C�Z �E�J�S�F�D�U 
�W�J�T�V�B�M�J�[�B�U�J�P�O �J�O �Q�B�U�J�F�O�U �T�Q�F�D�J�N�F�O�T

���t�� ��%�F�U�F�D�U�J�P�O �P�G �E�J�G�G�F�S�F�O�U �P�S�H�B�O�J�T�N�T �Q�S�F�T�F�O�U �J�O �U�I�F �T�B�N�F 
�T�Q�F�D�J�N�F�O

���t�� ��%�F�U�F�D�U�J�P�O �P�G �P�S�H�B�O�J�T�N�T �O�P�U �F�B�T�J�M�Z �D�V�M�U�J�W�B�U�F�E �J�O �U�I�F 
�M�B�C�P�S�B�U�P�S�Z

���t�� ��&�W�B�M�V�B�U�J�P�O �P�G �Q�B�U�J�F�O�U �T�Q�F�D�J�N�F�O�T �G�P�S �U�I�F �Q�S�F�T�F�O�D�F �P�G 
�D�F�M�M�T �J�O�E�J�D�B�U�J�W�F �P�G �J�O�n�B�N�N�B�U�J�P�O �	�J���F���
 �Q�I�B�H�P�D�Z�U�F�T�
 �P�S 
�D�P�O�U�B�N�J�O�B�U�J�P�O �	�J���F���
 �T�R�V�B�N�P�V�T �F�Q�J�U�I�F�M�J�B�M �D�F�M�M�T�


���t�� ��%�F�U�F�S�N�J�O�B�U�J�P�O �P�G �B�O �P�S�H�B�O�J�T�N���T �D�M�J�O�J�D�B�M �T�J�H�O�J�m�D�B�O�D�F�� 
�C�B�D�U�F�S�J�B�M �D�P�O�U�B�N�J�O�B�O�U�T �V�T�V�B�M�M�Z �B�S�F �O�P�U �Q�S�F�T�F�O�U �J�O �Q�B�U�J�F�O�U 
�T�Q�F�D�J�N�F�O�T �B�U �T�V�G�m�D�J�F�O�U�M�Z �I�J�H�I �O�V�N�C�F�S�T �	�¨������ �D�F�M�M�T���N�-�
 �U�P 
�C�F �T�F�F�O �C�Z �M�J�H�I�U �N�J�D�S�P�T�D�P�Q�Z

���t�� ��1�S�F�D�V�M�U�V�S�F �J�O�G�P�S�N�B�U�J�P�O �B�C�P�V�U �X�I�J�D�I �P�S�H�B�O�J�T�N�T �N�J�H�I�U �C�F 
�F�Y�Q�F�D�U�F�E �U�P �H�S�P�X �T�P �U�I�B�U �B�Q�Q�S�P�Q�S�J�B�U�F �D�V�M�U�J�W�B�U�J�P�O �P�S �E�J�S�F�D�U 
�E�F�U�F�D�U�J�P�O �N�F�U�I�P�E�T �B�S�F �V�T�F�E

���t�� ��%�F�U�F�S�N�J�O�B�U�J�P�O �P�G �X�I�J�D�I �U�F�T�U�T �B�O�E �N�F�U�I�P�E�T �T�I�P�V�M�E �C�F �V�T�F�E 
�G�P�S �U�I�F �J�E�F�O�U�J�m�D�B�U�J�P�O �B�O�E �D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �P�G �D�V�M�U�J�W�B�U�F�E 
organisms

���t�� ��" �N�F�U�I�P�E �G�P�S �J�O�W�F�T�U�J�H�B�U�J�O�H �V�O�V�T�V�B�M �P�S �V�O�F�Y�Q�F�D�U�F�E 
�M�B�C�P�S�B�U�P�S�Z �U�F�T�U �S�F�T�V�M�U�T

	  �’ BOX 6.1	 	� Applications of Microscopy in 
Diagnostic Microbiology
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material with a di�erent refractive index, as from glass to air, 
the light bends. Light of di�erent wavelengths bends at dif-
ferent angles, creating a less distinct, distorted image. Placing 
immersion oil with the same refractive index as glass between 
the objective lens and the cover slip or slide decreases the 
number of refractive surfaces the light must pass through 
during microscopy. �e oil enhances resolution by prevent-
ing light rays from dispersing and changing wavelength after 
passing through the specimen. A speci�c objective lens, the 
oil immersion lens, is designed for use with oil; this lens 
provides 100× magni�cation on light microscopes.

Lower magni�cations (i.e., 100× or 400×) may be used 
to locate specimen samples in certain areas on a micro-
scope slide or to observe microorganisms such as fungi and 
parasites. �e 1000× magni�cation provided by the com-
bination of ocular and oil immersion lenses is required for 
optimal detection and characterization of bacteria.�

Contrast
�e third key component to light microscopy is contrast, 
which is needed to make objects stand out from the back-
ground. Because microorganisms are essentially transparent 
because of their microscopic dimensions and high water 
content, they cannot be easily detected among the back-
ground materials and debris in patient specimens. Lack of 
contrast is also a problem for the microscopic examination 
of microorganisms grown in culture. Contrast is most com-
monly achieved by staining techniques that highlight organ-
isms and allow them to be di�erentiated from one another 
and from background material and debris. In the absence 
of staining, the simplest way to improve contrast is to 
reduce the diameter of the microscope aperture diaphragm, 

increasing contrast at the expense of the resolution. Setting 
the controls for bright-�eld microscopy requires a proce-
dure referred to as setting the Kohler illumination (Evolve 
Procedure 6.1). A properly set-up microscope will display a 
clear image that is evenly illuminated without glare.�

Direct and Indirect Smears

Staining methods are either used directly with patient speci-
mens or are applied to preparations made from microorgan-
isms grown in culture. A direct smear is a preparation of the 
primary clinical sample received in the laboratory for pro-
cessing. A direct smear provides a mechanism to identify the 
number and type of cells present in a specimen, including 
white blood cells, epithelial cells, and predominant organism 
type. Occasionally an organism may grow in a culture that 
was not seen in the direct smear. �ere is a variety of potential 
reasons for this, including the possibility that a slow-growing 
organism was present, the patient was receiving antibiotic 
treatment to prevent growth of the organism, the specimen 
was not processed appropriately and the organisms are no 
longer viable, or the organism requires special media for 
growth. Preparation of an indirect smear indicates that the 
primary sample has been processed in culture and the smear 
contains organisms obtained after puri�cation or growth on 
arti�cial media. Indirect smears may include preparation 
from solid or semisolid media or broth. Care should be taken 
to ensure the smear is not too thick when preparing the slide 
from solid media. In addition, smears from a liquid broth 
should not be diluted. Liquid broth cultures result in smears 
that more clearly and accurately represent the native cellular 
morphology and arrangement compared with smears from 
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�t Fig. �.�  �1�S�J�O�D�J�Q�M�F�T �P�G �C�S�J�H�I�U���m�F�M�E �	�M�J�H�I�U�
 �N�J�D�S�P�T�D�P�Q�Z�� �	�.�P�E�J�m�F�E �G�S�P�N �"�U�M�B�T �3�.�� Principles of Microbiology. 
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PROCEDURE 6.1

Kohler Illumination

Purpose
�,�P�I�M�F�S �J�M�M�V�N�J�O�B�U�J�P�O �J�T �E�F�T�J�H�O�F�E �U�P �Q�S�P�W�J�E�F �N�B�Y�J�N�V�N �J�M�M�V�N�J�O�B�U�J�P�O 
�B�O�E �S�F�T�P�M�V�U�J�P�O �X�I�F�O �P�C�T�F�S�W�J�O�H �J�N�B�H�F�T �V�T�J�O�H �B �N�J�D�S�P�T�D�P�Q�F���

Principle
�" �Q�B�U�I �P�G �M�J�H�I�U �J�T �Q�S�P�K�F�D�U�F�E �G�S�P�N �U�I�F �C�B�T�F �P�G �U�I�F �N�J�D�S�P�T�D�P�Q�F 
�U�P�X�B�S�E �U�I�F �D�P�O�E�F�O�T�F�S�� �5�I�F �D�P�O�E�F�O�T�F�S �m�M�U�F�S�T �U�I�F �M�J�H�I�U �U�P �S�F�N�P�W�F 
�M�P�O�H �X�B�W�F�M�F�O�H�U�I�T�� �5�I�F �T�I�P�S�U�F�S �X�B�W�F�M�F�O�H�U�I�T �Q�B�T�T �U�I�S�P�V�H�I 
�U�I�F �D�P�O�E�F�O�T�F�S �U�P �J�N�Q�S�P�W�F �S�F�T�P�M�V�U�J�P�O�� �8�I�F�O �U�I�F �D�P�O�E�F�O�T�F�S 
�J�T �Q�P�T�J�U�J�P�O�F�E �Q�S�P�Q�F�S�M�Z�
 �U�I�F �M�J�H�I�U �X�J�M�M �G�P�D�V�T �P�O �U�I�F �T�Q�F�D�J�N�F�O�� 
�,�P�I�M�F�S �J�M�M�V�N�J�O�B�U�J�P�O �J�T �U�I�F �N�F�U�I�P�E �V�T�F�E �U�P �Q�S�P�Q�F�S�M�Z �Q�P�T�J�U�J�P�O �U�I�F 
�D�P�O�E�F�O�T�F�S �T�P �U�I�B�U �U�I�F �M�J�H�I�U �J�T �G�P�D�V�T�F�E �U�I�S�P�V�H�I �U�I�F �T�Q�F�D�J�N�F�O���

Method
�� ��������5�V�S�O �P�O �U�I�F �N�J�D�S�P�T�D�P�Q�F�
 �B�O�E �B�E�K�V�T�U �U�I�F �M�J�H�I�U �T�P�V�S�D�F �T�P 

�U�I�B�U �J�U �J�T �B�Q�Q�S�P�Y�J�N�B�U�F�M�Z �B�U �B �N�B�Y�J�N�V�N �P�G ������ �T�U�S�F�O�H�U�I��
�� ��������1�M�B�D�F �B �N�J�D�S�P�T�D�P�Q�F �T�M�J�E�F �D�P�O�U�B�J�O�J�O�H �B �T�Q�F�D�J�N�F�O �P�O �U�I�F 

�T�U�B�H�F�
 �B�O�E �T�F�D�V�S�F �J�U �J�O �Q�M�B�D�F �X�J�U�I �U�I�F �T�M�J�E�F �D�M�J�Q�T��
�� ��������"�E�K�V�T�U �U�I�F �F�Z�F�Q�J�F�D�F �G�P�S �D�P�N�G�P�S�U �B�O�E �Q�S�P�Q�F�S �B�M�J�H�O�N�F�O�U �G�P�S 

�J�O�U�F�S�Q�V�Q�J�M�M�B�S�Z �E�J�T�U�B�O�D�F��

�� ��������6�T�J�O�H �U�I�F �����¨ �P�C�K�F�D�U�J�W�F �G�P�S �B �U�P�U�B�M �N�B�H�O�J�m�D�B�U�J�P�O �P�G �������¨�
 
�G�P�D�V�T �U�I�F �T�Q�F�D�J�N�F�O��

�� ��������"�E�K�V�T�U �F�B�D�I �J�O�E�J�W�J�E�V�B�M �F�Z�F�Q�J�F�D�F�� �5�P �G�P�D�V�T �U�I�F �M�F�G�U 
�F�Z�F�Q�J�F�D�F�
 �D�M�P�T�F �U�I�F �S�J�H�I�U �F�Z�F �B�O�E �V�T�F �U�I�F �m�O�F �G�P�D�V�T �U�P 
�B�E�K�V�T�U �U�I�F �J�N�B�H�F�� �$�M�P�T�F �U�I�F �M�F�G�U �F�Z�F �B�O�E �V�T�F �U�I�F �%�J�P�Q�U�F�S 
�S�J�O�H �P�O �U�I�F �S�J�H�I�U �F�Z�F�Q�J�F�D�F �U�P �B�E�K�V�T�U �U�I�F �G�P�D�V�T �G�P�S �U�I�F �S�J�H�I�U 
eye.

�� ��������$�M�P�T�F �U�I�F �m�F�M�E �E�J�B�Q�I�S�B�H�N �B�O�E �U�I�F �D�P�O�E�F�O�T�F�S �B�Q�F�S�U�V�S�F�� �" 
�T�N�B�M�M �D�J�S�D�M�F �P�G �M�J�H�I�U �T�I�P�V�M�E �C�F �W�J�T�J�C�M�F��

�� ��������*�G �O�P �M�J�H�I�U �J�T �W�J�T�J�C�M�F�
 �P�Q�F�O �U�I�F �m�F�M�E �E�J�B�Q�I�S�B�H�N �V�O�U�J�M �B �D�J�S�D�M�F 
�P�G �M�J�H�I�U �J�T �Q�S�F�T�F�O�U��

�� ��������"�E�K�V�T�U �U�I�F �D�P�O�E�F�O�T�F�S �T�D�S�F�X�T �B�T �O�F�F�E�F�E �U�P �D�F�O�U�F�S �U�I�F 
�M�J�H�I�U �J�O �U�I�F �m�F�M�E �P�G �W�J�F�X��

�� ��������"�E�K�V�T�U �U�I�F �D�P�O�E�F�O�T�F�S �G�P�D�V�T �L�O�P�C �V�O�U�J�M �U�I�F �M�J�H�I�U �B�Q�Q�F�B�S�T 
�B�T �B �T�I�B�S�Q �D�J�S�D�M�F��

������������3�F�N�P�W�F �U�I�F �F�Z�F�Q�J�F�D�F �B�O�E �M�P�P�L �E�P�X�O �U�I�F �D�Z�M�J�O�E�F�S�� �" 
�D�J�S�D�M�F �P�G �M�J�H�I�U �T�I�P�V�M�E �C�F �W�J�T�J�C�M�F �J�O �U�I�F �D�F�O�U�F�S �P�G �B �E�B�S�L 
�m�F�M�E��

������������0�Q�F�O �U�I�F �E�J�B�Q�I�S�B�H�N �V�O�U�J�M �U�I�F �D�J�S�D�M�F �P�G �M�J�H�I�U �m�M�M�T �U�I�S�F�F 
�G�P�V�S�U�I�T �P�G �U�I�F �m�F�M�E �P�G �W�J�F�X��

������������1�M�B�D�F �U�I�F �F�Z�F�Q�J�F�D�F �C�B�D�L �J�O�U�P �U�I�F �D�Z�M�J�O�E�F�S�
 �B�O�E �S�F�D�P�S�E �U�I�F 
�D�P�O�E�F�O�T�F�S �E�J�B�Q�I�S�B�H�N �T�F�U�U�J�O�H �G�P�S �U�I�F �����9 �P�C�K�F�D�U�J�W�F��
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solid media. Details of specimen processing are presented 
throughout Part VII, and in most instances, the preparation 
of every specimen includes the application of some portion 
of the specimen to a clean glass slide (i.e., “smear” prepara-
tion) for subsequent microscopic evaluation.

Generally, specimen samples are placed on the slide using 
a swab or a direct smear that contains patient material or by 
using a pipette into which liquid specimen has been aspirated 
(Fig. 6.2). Material to be stained is dropped (if liquid), rolled 
(if on a swab), or spread (if on a loop) onto the surface of 
a clean, dry, glass slide. To prevent contamination of culture 
media, once a swab has touched the surface of a nonsterile 
slide, it should not be used for subsequently inoculating media.

For staining microorganisms grown in culture or an indi-
rect smear, a sterile loop or needle may be used to transfer a 
small amount of growth from a solid medium to the surface 
of the slide. �is material is emulsi�ed in a drop of sterile 
water or saline on the slide. For small amounts of growth that 
might become lost in even a drop of saline, a sterile wooden 
applicator stick can be used to touch the growth; this mate-
rial is then rubbed directly onto the slide, where it can be 
easily seen. �e material placed on the slide to be stained is 
allowed to air-dry and is a�xed to the slide by placing it on 
a slide warmer (60°C) for at least 10 minutes or by �ooding 
it with 95% methanol for 1 minute. Smears should be air-
dried completely before heat �xing to prevent the distortion 
of cell shapes before staining. To examine organisms grown 
in liquid medium, an aspirated sample of the broth culture 
is applied to the slide, air-dried, and �xed before staining.

A squash or crush prep may be used for a tissue, bone 
marrow aspirate, or other aspirated sample. �e aspirate may 
be placed in the anticoagulant ethylenediaminetetraacetic 
acid (EDTA) tube and inverted several times to mix the 
contents. �is prevents clotting of the aspirated material. To 
prepare the slide, a drop of the aspirate is placed on a slide 
and a second slide is gently placed on top; the two slides 
are pressed together, crushing or squashing any particulate 

matter. �e two slides are then gently slid or pulled apart 
using a horizontal motion and air-dried before staining.

A cytocentrifugation, or concentration of a sterile 
body �uid such as cerebral spinal �uid (CSF), enhances 
the ability to identify cells in a specimen that may contain 
small numbers of microorganisms. In a cytocentrifuge, the 
hydraulic forces of the liquid cause the �uid to move away 
from the sediment, which is then collected on an absorbent 
material, leaving the particulate matter and cellular debris 
in the center of the microscope slide. �e slide may then be 
stained for microscopy. A fresh or well-preserved specimen 
and the absence of interfering material are the two primary 
factors that a�ect the quality of the preparation using a 
cytocentrifuge. If the specimen is too old, the biologic cells 
may have disintegrated, resulting in high protein content 
or background material. If the sample contains numerous 
cells, such as in a bloody spinal tap, the organisms may be 
indistinguishable from the background material.

Smear preparation varies depending on the type of speci-
men being processed (see the chapters in Part VII that dis-
cuss speci�c specimen types) and on the staining methods 
to be used. Nonetheless, the general rule for smear prepara-
tion is that su�cient material must be applied to the slide 
so that the chances for detecting and distinguishing micro-
organisms are maximized. At the same time, the applica-
tion of excessive material that could interfere with the 
passage of light through the specimen or that could distort 
the details of microorganisms must be avoided. Finally, the 
staining methods used to visualize the contents of the smear 
are dictated by which microorganisms are suspected in the 
specimen.�

Staining Techniques

As listed in Table 6.1, light microscopy has applications for 
bacteria, fungi, and parasites. However, the stains used for 
these microbial groups di�er extensively. �ose primarily 
designed for examination of parasites and fungi by light 
microscopy are discussed in Chapters 46 and 58, respec-
tively. �e stains for microscopic examination of bacteria, 
the Gram stain, and the acid-fast stains are discussed here.

Gram Stain
�e Gram stain is the principal stain used for microscopic 
examination of bacteria and is one of the most important 
bacteriologic techniques within the microbiology labora-
tory. Gram staining provides a mechanism for the rapid 
presumptive identi�cation of pathogens, and it gives impor-
tant clues related to the quality of a specimen and whether 
bacterial pathogens from a speci�c body site are considered 
normal microbiota colonizing the site or the actual cause 
of infection. Nearly all clinically important bacteria can be 
detected using this method, the only exceptions being those 
organisms that exist almost exclusively within host cells (e.g., 
chlamydia), those that lack a cell wall (e.g., mycoplasma 
and ureaplasma), and those of insu�cient dimension to be 
resolved by light microscopy (e.g., spirochetes). First devised 
by Hans Christian Gram during the late nineteenth century, 

A

B
�t Fig. �.�  �4�N�F�B�S �Q�S�F�Q�B�S�B�U�J�P�O�T �C�Z �T�X�B�C �S�P�M�M �	�"�
 �B�O�E �Q�J�Q�F�U�U�F �E�F�Q�P�T�J�U�J�P�O 
�	�#�
 �P�G �B �Q�B�U�J�F�O�U �T�Q�F�D�J�N�F�O �P�O �B �H�M�B�T�T �T�M�J�E�F��
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Become
colorless

Remain
purple

Stain purple

Gram-
bacteria

Gram+
bacteria

1

2

3

4

5

Stain purple

Remain
purple

Remain
purple

Remain
purple

Steps for
staining

Cells on slide

Primary stain
(crystal violet)

Mordant
(Gram’s iodine)

Decolorizer,
(alcohol and/or

acetone)

Counterstain
(safranin)

Stain pink

A B

1  Fix material on slide with methanol or heat. If slide is heat
    fixed, allow it to cool to the touch before applying stain.
2  Flood slide with crystal violet (purple) and allow it to remain
    on the surface without drying for 10 to 30 seconds. Rinse
    the slide with tap water, shaking off all excess.
3  Flood the slide with iodine to increase affinity of crystal violet
    and allow it to remain on the surface without drying for twice
    as long as the crystal violet was in contact with the slide
    surface (20 seconds of iodine for 10 seconds of crystal violet,
    for example). Rinse with tap water, shaking off all excess.
4  Flood the slide with decolorizer for 10 seconds or less (optimal
    decolorization depends on chemical used) and rinse off
    immediately with tap water. Repeat this procedure until the
    blue dye no longer runs off the slide with the decolorizer.
    Thicker smears require more prolonged decolorizing. Rinse
    with tap water and shake off excess.
5  Flood the slide with counterstain and allow it to remain on
    the surface without drying for 30 seconds. Rinse with tap
    water and gently blot the slide dry with paper towels or
    bibulous paper or air dry. For delicate smears, such as
    certain body fluids, air drying is the best method.
6  Examine microscopically under an oil immersion lens at
    1000x for phagocytes, bacteria, and other cellular material.

�t Fig. �.�  �(�S�B�N �T�U�B�J�O �Q�S�P�D�F�E�V�S�F�T �B�O�E �Q�S�J�O�D�J�Q�M�F�T�� �	�"�
 �(�S�B�N���Q�P�T�J�U�J�W�F �C�B�D�U�F�S�J�B �P�C�T�F�S�W�F�E �V�O�E�F�S �P�J�M �J�N�N�F�S�T�J�P�O 
�B�Q�Q�F�B�S �Q�V�S�Q�M�F�� �	�#�
 �(�S�B�N���O�F�H�B�U�J�W�F �C�B�D�U�F�S�J�B �P�C�T�F�S�W�F�E �V�O�E�F�S �P�J�M �J�N�N�F�S�T�J�P�O �B�Q�Q�F�B�S �Q�J�O�L�� �	�.�P�E�J�m�F�E �G�S�P�N �"�U�M�B�T 
�3�.�� Principles of Microbiology�� �4�U�� �-�P�V�J�T�� �.�P�T�C�Z�� �����������


the Gram stain can be used to divide most bacterial species 
into two large groups: those that take up the basic dye, crys-
tal violet (i.e., gram-positive bacteria), and those that allow 
the crystal violet dye to wash out easily with the decolorizer 
alcohol or acetone (i.e., gram-negative bacteria). �erefore, 
the Gram stain is considered a di�erential stain, based on 
the chemical di�erentiation of organisms as a result of the 
structural chemical components of the organism’s cell wall.

Procedure Overview
Although modi�cations of the classic Gram stain that 
involve changes in reagents and timing do exist, the prin-
ciples and results are the same for all modi�cations. �e 
classic Gram stain procedure entails �xing clinical material 
to the surface of the microscope slide, either by heating or 
by using methanol. Methanol �xation preserves the mor-
phology of host cells, as well as bacteria, and is especially 
useful for examining bloody specimens. Slides are overlaid 
with 95% methanol for 1 minute; the methanol is allowed 
to run o�, and the slides are air-dried before staining. After 
�xation, the �rst step in the Gram stain is the application of 
the primary stain, crystal violet (CV). A mordant, Gram’s 
iodine (I), is applied after the crystal violet to chemically 

bond the alkaline dye to the iodine, forming a CV-I com-
plex and cross-linking the complex in the bacterial cell wall. 
�e decolorization step distinguishes gram-positive from 
gram-negative cells. �erefore, after decolorization, organ-
isms that stain gram-positive retain the crystal violet, and 
those that are gram-negative are cleared of crystal violet. 
Addition of the secondary stain or counterstain safranin 
will then stain the colorless gram-negative bacteria pink or 
red (Fig. 6.3). See Evolve Procedure 6.2 for detailed meth-
odology, expected results, and limitations.�

Principle
�e di�erence in composition between gram-positive cell 
walls, which contain thick peptidoglycan with numerous 
teichoic acid cross-linkages, and gram-negative cell walls, 
which consist of a thinner layer of peptidoglycan and an 
outer lipid bilayer that is dehydrated during decolorization, 
accounts for the Gram staining di�erences between these 
two major groups of bacteria. Presumably, the extensive tei-
choic acid cross-links contribute to the ability of gram-posi-
tive organisms to resist alcohol decolorization. Although the 
gram-positive organisms may take up the counterstain, their 
purple appearance will not be altered.
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PROCEDURE 6.2

Gram Stain

Purpose
�5�I�F �(�S�B�N �T�U�B�J�O �J�T �B �E�J�G�G�F�S�F�O�U�J�B�M �T�U�B�J�O �U�I�B�U �B�M�M�P�X�T �U�I�F 
�N�J�D�S�P�C�J�P�M�P�H�J�T�U �U�P �E�J�T�U�J�O�H�V�J�T�I �C�F�U�X�F�F�O �U�I�F �U�X�P �N�P�T�U �D�P�N�N�P�O 
�D�I�F�N�J�D�B�M �D�F�M�M�V�M�B�S �T�U�S�V�D�U�V�S�F�T �P�G �C�B�D�U�F�S�J�B �X�I�J�M�F �W�J�T�V�B�M�J�[�J�O�H �U�I�F 
�N�P�S�Q�I�P�M�P�H�Z �B�O�E �D�F�M�M�V�M�B�S �B�S�S�B�O�H�F�N�F�O�U �P�G �U�I�F �P�S�H�B�O�J�T�N�T���

Principle
�5�I�F �U�X�P �N�B�K�P�S �H�S�P�V�Q�T �P�G �C�B�D�U�F�S�J�B �D�B�O �C�F �E�J�W�J�E�F�E �J�O�U�P �H�S�B�N��
�Q�P�T�J�U�J�W�F �B�O�E �H�S�B�N���O�F�H�B�U�J�W�F�� �5�I�F �(�S�B�N �T�U�B�J�O �U�F�D�I�O�J�R�V�F �J�T �C�B�T�F�E 
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����������(�S�B�N �T�U�B�J�O�T �G�S�P�N �Q�B�U�J�F�O�U�T �P�O �B�O�U�J�C�J�P�U�J�D�T �P�S �B�O�U�J�N�J�D�S�P�C�J�B�M 
�U�I�F�S�B�Q�Z �N�B�Z �I�B�W�F �B�M�U�F�S�F�E �(�S�B�N �T�U�B�J�O �S�F�B�D�U�J�W�J�U�Z �C�F�D�B�V�T�F 
�P�G �U�I�F �T�V�D�D�F�T�T�G�V�M �U�S�F�B�U�N�F�O�U��

����������0�D�D�B�T�J�P�O�B�M�M�Z�
 �Q�O�F�V�N�P�D�P�D�D�J �J�E�F�O�U�J�m�F�E �J�O �U�I�F �M�P�X�F�S 
�S�F�T�Q�J�S�B�U�P�S�Z �U�S�B�D�U �P�O �B �E�J�S�F�D�U �T�N�F�B�S �X�J�M�M �O�P�U �H�S�P�X �J�O �D�V�M�U�V�S�F�� 
�4�P�N�F �T�U�S�B�J�O�T �B�S�F �P�C�M�J�H�B�U�F �B�O�B�F�S�P�C�F�T��

����������5�P�Y�J�O���Q�S�P�E�V�D�J�O�H �P�S�H�B�O�J�T�N�T �T�V�D�I �B�T �D�M�P�T�U�S�J�E�J�B�
 
�T�U�B�Q�I�Z�M�P�D�P�D�D�J�
 �B�O�E �T�U�S�F�Q�U�P�D�P�D�D�J �N�B�Z �E�F�T�U�S�P�Z �X�I�J�U�F �C�M�P�P�E 
�D�F�M�M�T �X�J�U�I�J�O �B �Q�V�S�V�M�F�O�U �T�Q�F�D�J�N�F�O��

����������'�B�J�O�U�M�Z �T�U�B�J�O�J�O�H �H�S�B�N���O�F�H�B�U�J�W�F �P�S�H�B�O�J�T�N�T�
 �T�V�D�I �B�T 
Campylobacter and Brucella�
 �N�B�Z �C�F �W�J�T�V�B�M�J�[�F�E �V�T�J�O�H �B�O 
�B�M�U�F�S�O�B�U�J�W�F �D�P�V�O�U�F�S�T�U�B�J�O �	�F���H���
 �C�B�T�J�D �G�V�D�I�T�J�O�
���

Quality Control

�(�S�B�N���Q�P�T�J�U�J�W�F Staphylococcus aureus
�(�S�B�N���O�F�H�B�U�J�W�F Escherichia coli
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Gram-positive organisms that have lost cell wall integrity 
because of antibiotic treatment, dead or dying cells, or the 
action of autolytic enzymes may allow the crystal violet to 
wash out with the decolorizing step and may appear gram-
variable, with some cells staining pink and others staining 
purple. However, for identi�cation purposes, these organ-
isms are considered to be gram-positive. On the other hand, 
gram-negative bacteria rarely, if ever, retain crystal violet 
(i.e., appear purple) if the staining procedure has been prop-
erly performed. Host cells, such as red and white blood cells 
(phagocytes), allow the crystal violet stain to wash out with 
decolorization and should appear pink on smears that have 
been correctly prepared and stained.�

Gram Stain Examination (Direct Smear)
Once stained, the smear is examined using the low power or 
40Xobjective (400X magni�cation). �e microbiologist should 
scan the slide looking for white blood cells, epithelial cells, and 
larger organisms such as fungi or parasites. Next, the smear 
should be examined using the oil immersion or 100× objective 
(1000× magni�cation) lens. When clinical material is Gram 
stained (e.g., the direct smear), the slide is evaluated for the 
presence of bacterial cells as well as the Gram reactions, mor-
phologies (e.g., cocci or bacilli), and arrangements (e.g., chains, 
pairs, clusters) of the cells (Fig. 6.4). �is information often 
provides a preliminary diagnosis regarding the infectious agents 
and frequently is used to direct initial therapies for the patient.

Direct smears should also be examined for the pres-
ence of in�ammatory cells (e.g., phagocytes) that are 
key indicators of an infectious process. Noting the pres-
ence of other host cells, such as squamous epithelial 
cells in respiratory specimens, is also helpful, because 

the presence of these cells may indicate contamination 
with organisms and cells from the oral cavity (for more 
information regarding the interpretation of respiratory 
smears, see Chapter 69). Observing background tissue 
debris and proteinaceous material, which generally stain 
gram-negative, also provides helpful information. For 
example, the presence of such material indicates that 
specimen material was adequately a�xed to the slide. �e 
absence of bacteria or in�ammatory cells on a smear is a 
true negative and not likely the result of loss of specimen 
during staining (Fig. 6.5). Other ways that Gram stain 
evaluations of how direct smears are used are discussed 
throughout the chapters of Part VII, which deal with 
infections of speci�c body sites.

Several examples of Gram stains of direct smears 
are provided in Fig. 6.6. Whatever is observed is also 
recorded and is used to produce a laboratory report for 

Staphylococci
(clusters)

Cocci

Tetrads

Bacilli

Spirochetes

Streptococci
(chains)

Diplococci
(pairs)

Coccobacilli

Diplobacilli Streptobacilli

Fusiform
bacilli

Miscellaneous

�t Fig. �.�  �&�Y�B�N�Q�M�F�T �P�G �D�P�N�N�P�O �C�B�D�U�F�S�J�B�M �D�F�M�M�V�M�B�S �N�P�S�Q�I�P�M�P�H�J�F�T�
 �(�S�B�N 
staining reactions, and cellular arrangements.

A

B

C

�t Fig. �.�  �(�S�B�N �T�U�B�J�O�T �P�G �E�J�S�F�D�U �T�N�F�B�S�T �T�I�P�X�J�O�H �T�R�V�B�N�P�V�T �D�F�M�M�T �B�O�E 
�C�B�D�U�F�S�J�B �	�"�
�
 �Q�S�P�U�F�J�O�B�D�F�P�V�T �E�F�C�S�J�T �	�#�
�
 �B�O�E �Q�S�P�U�F�J�O�B�D�F�P�V�T �E�F�C�S�J�T �X�J�U�I 
�Q�P�M�Z�N�P�S�Q�I�P�O�V�D�M�F�B�S �M�F�V�L�P�D�Z�U�F�T �B�O�E �C�B�D�U�F�S�J�B �	�$�
��
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A B

C D

E

G

F

�t Fig. �.�  �(�S�B�N �T�U�B�J�O �P�G �E�J�S�F�D�U �T�N�F�B�S�T �T�I�P�X�J�O�H �Q�P�M�Z�N�P�S�Q�I�P�O�V�D�M�F�B�S �M�F�V�L�P�D�Z�U�F�T�
 �Q�S�P�U�F�J�O�B�D�F�P�V�T �E�F�C�S�J�T�
 �B�O�E 
�C�B�D�U�F�S�J�B�M �N�P�S�Q�I�P�M�P�H�J�F�T �	arrows�
�
 �J�O�D�M�V�E�J�O�H �H�S�B�N���Q�P�T�J�U�J�W�F �D�P�D�D�J �J�O �D�I�B�J�O�T �	�"�
, �H�S�B�N���Q�P�T�J�U�J�W�F �D�P�D�D�J �J�O �Q�B�J�S�T 
�	�#�
�
 �H�S�B�N���Q�P�T�J�U�J�W�F �D�P�D�D�J �J�O �D�M�V�T�U�F�S�T �	�$�
�
 �H�S�B�N���O�F�H�B�U�J�W�F �D�P�D�D�P�C�B�D�J�M�M�J �	�%�
�
 �H�S�B�N���O�F�H�B�U�J�W�F �C�B�D�J�M�M�J �	�&�
�
 �H�S�B�N��
�O�F�H�B�U�J�W�F �E�J�Q�M�P�D�P�D�D�J �	�'�
�
 �B�O�E �N�J�Y�F�E �H�S�B�N���Q�P�T�J�U�J�W�F �B�O�E �H�S�B�N���O�F�H�B�U�J�W�F �N�P�S�Q�I�P�M�P�H�J�F�T �	�(�
��
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�t Fig. �.�  �(�S�B�N �T�U�B�J�O�T �P�G �E�J�S�F�D�U �T�N�F�B�S�T �D�B�O �S�F�W�F�B�M �J�O�G�F�D�U�J�P�V�T �F�U�J�P�M�P�H�J�F�T 
�P�U�I�F�S �U�I�B�O �C�B�D�U�F�S�J�B�
 �T�V�D�I �B�T �U�I�F �Z�F�B�T�U Candida tropicalis.

the physician. �e report typically includes the following 
(Evolve Procedure 6.2):
���t����h�F �Q�S�F�T�F�O�D�F �B�O�E �U�Z�Q�F �P�G �I�P�T�U �D�F�M�M�T��
���t����h�F �(�S�B�N �S�F�B�D�U�J�P�O�T�
 �N�P�S�Q�I�P�M�P�H�J�F�T �	�F���H���
 �D�P�D�D�J�
 �C�B�D�J�M�M�J�
 

coccobacilli), and arrangement of bacterial cells pres-
ent; prominent morphotypes indicating an infectious 
microorganism are important to note. It is also impor-
tant to di�erentiate contaminating microorganisms or 
microbiota that would be confusing to the clinician 
and of little to no diagnostic value. Note: Reporting 
the absence of bacteria and host cells can be equally 
important.

���t����0�Q�U�J�P�O�B�M�M�Z�
 �U�I�F �S�F�M�B�U�J�W�F �B�N�P�V�O�U�T �P�G �C�B�D�U�F�S�J�B�M �D�F�M�M�T �	�F���H���
 
rare, few, moderate, many) in direct smears should be 
reported. However, it is important to remember that 
to visualize bacterial cells by light microscopy, a mini-
mum concentration of 105 cells per 1 mL of specimen 
is required. �is is a large number of bacteria for any 
normally sterile body site, and to describe the quantity 
as rare or few based on microscopic observation may be 
understating their signi�cance in a clinical specimen. 
On the other hand, noting the relative amounts seen on 
direct smear may be useful laboratory information to cor-
relate smear results with the amount of growth observed 
subsequently from cultures.

���t����%�J�S�F�D�U �D�P�S�S�F�M�B�U�J�P�O �U�P �U�I�F �U�Z�Q�F �P�G �T�Q�F�D�J�N�F�O�
 �X�I�F�U�I�F�S �P�S 
not the specimen was collected from a sterile or non-
sterile site, the presence of in�ammatory cells, and the 
expected pathogens are critical to the microscopic evalu-
ation of Gram reactions. Gram stain evaluations are dis-
cussed throughout the chapters of Part VII that deal with 
infections of speci�c body sites.
Although Gram stain evaluation of direct smears is 

routinely used to aid in the diagnosis of bacterial infec-
tions, unexpected but significant findings of other infec-
tious etiologies may be detected and cannot be ignored. 
For example, fungal cells and elements generally stain 
gram-positive, but they may take up the crystal violet 
poorly and appear gram-variable (e.g., both pink and 
purple) or gram-negative. Because infectious agents 
besides bacteria may be detected by Gram stain, any 
unusual cells or structures observed on the smear should 
be evaluated further before being dismissed as unim-
portant (Fig. 6.7).�

Gram Stain of Bacteria Grown in Culture (Indirect Smear)
�e Gram stain also plays a key role in the identi�cation 
of bacteria grown in culture. Similar to direct smears, indi-
rect smears prepared from bacterial growth are evaluated 
for the bacterial cells’ Gram reactions, morphologies, and 
arrangements (see Fig. 6.4). If growth from more than one 
specimen is to be stained on the same slide, a wax pencil 
may be used to create divisions. �e smear results will be 
used to determine subsequent testing for identifying and 
characterizing the organisms isolated from the patient 
specimen.�

Acid-Fast Stains
�e acid-fast stain is the other commonly used stain for 
light-microscopic examination of bacteria.

Principle
Similar to the Gram stain, the acid-fast stain is speci�cally 
designed for a subset of bacteria whose cell walls contain 
long-chain fatty (mycolic) acids and is considered a dif-
ferential stain. Mycolic acids render the cells resistant to 
decolorization with acid alcohol decolorizers. �ese bacteria 
are referred to as acid-fast. Although these organisms may 
stain slightly or poorly as gram-positive, the acid-fast stain 
takes full advantage of the waxy content of the cell walls to 
maximize detection. Mycobacteria are the most commonly 
encountered acid-fast bacteria, typi�ed by Mycobacterium 
tuberculosis, the etiologic agent of tuberculosis. Bacteria 
lacking cell walls forti�ed with mycolic acids cannot resist 
decolorization with acid alcohol and are categorized as 
being non–acid-fast, a trait typical of most other clinically 
relevant bacteria. However, some degree of acid-fastness is a 
characteristic of a few non-mycobacterial bacteria, such as 
Nocardia spp., and coccidian parasites, such as Cryptospo-
ridium spp.�

Procedure Overview
�e classic acid-fast staining method, Ziehl-Neelsen, is 
depicted in Fig. 6.8 and outlined in Evolve Procedure 
6.3. �e procedure requires heat to allow the primary 
stain (carbolfuchsin) to enter the waxy, mycolic acid-
containing cell wall. A modi�cation of this procedure, 
the Kinyoun acid-fast method (Evolve Procedure 6.4), 
does not require the use of heat or boiling water, mini-
mizing safety concerns during the procedure. Because of 
a higher concentration of phenol in the primary stain 
solution, heat is not required for the intracellular pen-
etration of carbolfuchsin. �is modi�cation is referred 
to as the “cold” method. When the acid-fast–stained 
smear is read with 1000× magni�cation, acid-fast–posi-
tive organisms stain red. Depending on the type of coun-
terstain used (e.g., methylene blue or malachite green), 
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PROCEDURE 6.3

Acid-Fast (Ziehl-Neelsen or Hot Method)

Purpose
�*�E�F�O�U�J�m�D�B�U�J�P�O �P�G �B�D�J�E���G�B�T�U Mycobacterium �T�Q�Q�� �B�O�E �Q�B�S�B�T�J�U�F�T 
�T�V�D�I �B�T Cryptosporidium and Cystoisospora �T�Q�Q���

Principle
�"�D�J�E���G�B�T�U �N�Z�D�P�C�B�D�U�F�S�J�B �D�P�O�U�B�J�O �N�Z�D�P�M�J�D �B�D�J�E �J�O �U�I�F�J�S �P�V�U�F�S 
�N�F�N�C�S�B�O�F�
 �N�B�L�J�O�H �U�I�F �D�F�M�M�T �X�B�Y�Z �B�O�E �S�F�T�J�T�U�B�O�U �U�P �T�U�B�J�O�J�O�H �X�J�U�I 
�B�R�V�F�P�V�T���C�B�T�F�E �T�U�B�J�O�T �T�V�D�I �B�T �U�I�F �(�S�B�N �T�U�B�J�O�� �5�I�F �Q�S�J�N�B�S�Z 
�T�U�B�J�O�
 �D�B�S�C�P�M�G�V�D�I�T�J�O�
 �J�T �B�Q�Q�M�J�F�E �U�P �U�I�F �D�F�M�M�T�
 �B�O�E �I�F�B�U �B�O�E �Q�I�F�O�P�M 
�B�S�F �V�T�F�E �U�P �B�M�M�P�X �U�I�F �T�U�B�J�O �U�P �Q�F�O�F�U�S�B�U�F �J�O�U�P �U�I�F �X�B�Y�Z �T�V�S�G�B�D�F 
�P�G �B�D�J�E���G�B�T�U �N�J�D�S�P�P�S�H�B�O�J�T�N�T�� �5�I�F �F�Y�D�F�T�T �T�U�B�J�O �J�T �S�F�N�P�W�F�E �X�J�U�I 
�U�S�F�B�U�N�F�O�U �C�Z �B�D�J�E �B�M�D�P�I�P�M �	�F�U�I�B�O�P�M �B�O�E �I�Z�E�S�P�D�I�M�P�S�J�D �B�D�J�E�
�� �" 
�T�F�D�P�O�E�B�S�Z �T�U�B�J�O�
 �N�F�U�I�Z�M�F�O�F �C�M�V�F�
 �J�T �U�I�F�O �B�Q�Q�M�J�F�E �U�P �U�I�F �D�F�M�M�T���

Method
����������1�S�F�Q�B�S�F �B�O�E �m�Y �U�I�F �T�Q�F�D�J�N�F�O �T�N�F�B�S �C�F�G�P�S�F �T�U�B�J�O�J�O�H��
����������1�M�B�D�F �B �T�N�B�M�M �T�U�S�J�Q �P�G �C�M�P�U�U�J�O�H �P�S �m�M�U�F�S �Q�B�Q�F�S �P�W�F�S �U�I�F �U�P�Q 

�P�G �U�I�F �T�Q�F�D�J�N�F�O�
 �B�O�E �Q�M�B�D�F �U�I�F �T�M�J�E�F �P�W�F�S �B �C�P�J�M�J�O�H �I�P�U 
�X�B�U�F�S �C�B�U�I �P�O �B �N�F�T�I �T�V�S�G�B�D�F��

����������$�P�W�F�S �U�I�F �m�M�U�F�S �Q�B�Q�F�S �X�J�U�I �U�I�F �Q�S�J�N�B�S�Z �T�U�B�J�O�
 
�D�B�S�C�P�M�G�V�D�I�T�J�O�� �-�F�B�W�F �U�I�F �T�M�J�E�F �P�O �U�I�F �X�B�U�F�S �C�B�U�I �G�P�S �� 
�U�P �� �N�J�O�V�U�F�T�� �$�P�O�U�J�O�V�F �U�P �B�Q�Q�M�Z �T�U�B�J�O �J�G �U�I�F �m�M�U�F�S �Q�B�Q�F�S 
�C�F�H�J�O�T �U�P �E�S�Z��

����������3�F�N�P�W�F �U�I�F �m�M�U�F�S �Q�B�Q�F�S �B�O�E �S�J�O�T�F �U�I�F �T�M�J�E�F �X�J�U�I �X�B�U�F�S 
�V�O�U�J�M �U�I�F �T�P�M�V�U�J�P�O �S�V�O�T �D�M�F�B�S��

����������3�V�O �B�D�J�E���B�M�D�P�I�P�M �E�F�D�P�M�P�S�J�[�F�S �P�W�F�S �U�I�F �T�M�J�E�F �G�P�S 
�B�Q�Q�S�P�Y�J�N�B�U�F�M�Z ���� �U�P ���� �T�F�D�P�O�E�T��

����������3�J�O�T�F �U�I�F �T�M�J�E�F �X�J�U�I �X�B�U�F�S��
����������$�P�W�F�S �U�I�F �T�N�F�B�S �X�J�U�I �U�I�F �T�F�D�P�O�E�B�S�Z �P�S �D�P�V�O�U�F�S�T�U�B�J�O�
 

�N�F�U�I�Z�M�F�O�F �C�M�V�F�
 �G�P�S �� �N�J�O�V�U�F��
����������(�F�O�U�M�Z �S�J�O�T�F �U�I�F �T�M�J�E�F �X�J�U�I �X�B�U�F�S��
����������#�M�P�U �U�I�F �T�M�J�E�F �E�S�Z �X�J�U�I �C�J�C�V�M�P�V�T �Q�B�Q�F�S���

Expected Results
�"�D�J�E���G�B�T�U �P�S�H�B�O�J�T�N�T�
 Mycobacterium �T�Q�Q���
 �X�J�M�M �B�Q�Q�F�B�S �Q�J�O�L��

�/�P�U�F�� �*�E�F�O�U�J�m�D�B�U�J�P�O �P�G �B �T�J�O�H�M�F �B�D�J�E���G�B�T�U �C�B�D�J�M�M�V�T �J�O �B �T�J�O�H�M�F 
�T�Q�V�U�V�N �J�T �D�P�O�T�J�E�F�S�F�E �E�J�B�H�O�P�T�U�J�D��

�/�P�O�o�B�D�J�E���G�B�T�U �P�S�H�B�O�J�T�N�T �X�J�M�M �B�Q�Q�F�B�S �E�B�S�L �C�M�V�F�� �*�O �B�E�E�J�U�J�P�O�
 
�C�B�D�L�H�S�P�V�O�E �N�B�U�F�S�J�B�M �T�I�P�V�M�E �T�U�B�J�O �C�M�V�F���

Limitations
����������5�I�F �m�M�U�F�S �Q�B�Q�F�S �N�V�T�U �S�F�N�B�J�O �N�P�J�T�U �B�O�E �J�O �D�P�O�U�B�D�U �X�J�U�I �U�I�F 

�T�Q�F�D�J�N�F�O �E�V�S�J�O�H �I�F�B�U�J�O�H �U�P �B�M�M�P�X �G�P�S �Q�S�P�Q�F�S �Q�F�O�F�U�S�B�U�J�P�O 
�P�G �U�I�F �Q�S�J�N�B�S�Z �T�U�B�J�O��

����������0�S�H�B�O�J�T�N�T �D�V�M�U�J�W�B�U�F�E �P�O �C�M�P�P�E �B�H�B�S �N�B�Z �F�Y�Q�F�S�J�F�O�D�F 
�O�V�U�S�J�F�O�U �E�F�Q�S�J�W�B�U�J�P�O�
 �S�F�T�V�M�U�J�O�H �J�O �B �M�P�X�F�S �M�J�Q�J�E �D�P�O�U�F�O�U �J�O 
�U�I�F �P�V�U�F�S �N�F�N�C�S�B�O�F �B�O�E �U�I�V�T �J�O �Q�P�P�S �T�U�B�J�O�J�O�H���

Safety Considerations
�$�B�S�C�P�M�G�V�D�I�T�J�O �S�F�B�H�F�O�U �D�P�O�U�B�J�O�T �Q�I�F�O�P�M�� �1�I�F�O�P�M �J�T �B �D�P�S�S�P�T�J�W�F�
 
�D�P�N�C�V�T�U�J�C�M�F �Q�P�J�T�P�O �B�O�E �T�I�P�V�M�E �C�F �I�B�O�E�M�F�E �D�B�S�F�G�V�M�M�Z�� �(�M�P�W�F�T 
�N�V�T�U �C�F �X�P�S�O �E�V�S�J�O�H �I�B�O�E�M�J�O�H�� �"�W�P�J�E �G�V�N�F�T �X�I�F�O �I�F�B�U�J�O�H �U�P 
�N�J�O�J�N�J�[�F �U�I�F �J�O�I�B�M�B�U�J�P�O �P�G �G�V�N�F�T�� �1�I�F�O�P�M �N�V�T�U �C�F �E�J�T�Q�P�T�F�E �P�G �J�O 
�I�B�[�B�S�E�P�V�T �X�B�T�U�F �D�P�O�U�B�J�O�F�S�T�
 �J�O�D�M�V�E�J�O�H �D�P�O�U�B�N�J�O�B�U�F�E �m�M�U�F�S �Q�B�Q�F�S��

  

PROCEDURE 6.4

Acid-Fast (Kinyoun-Cold Method)

Purpose
�*�E�F�O�U�J�m�D�B�U�J�P�O �P�G �B�D�J�E���G�B�T�U Mycobacterium �T�Q�Q�� �B�O�E �Q�B�S�B�T�J�U�F�T 
�T�V�D�I �B�T Cryptosporidium and Cystoisospora �T�Q�Q���

Principle
�"�D�J�E���G�B�T�U �N�Z�D�P�C�B�D�U�F�S�J�B �D�P�O�U�B�J�O �N�Z�D�P�M�J�D �B�D�J�E �J�O �U�I�F�J�S �P�V�U�F�S 
�N�F�N�C�S�B�O�F�
 �N�B�L�J�O�H �U�I�F �D�F�M�M�T �X�B�Y�Z �B�O�E �S�F�T�J�T�U�B�O�U �U�P �T�U�B�J�O�J�O�H �X�J�U�I 
�B�R�V�F�P�V�T���C�B�T�F�E �T�U�B�J�O�T �T�V�D�I �B�T �U�I�F �(�S�B�N �T�U�B�J�O�� �5�I�F �Q�S�J�N�B�S�Z 
�T�U�B�J�O�
 �D�B�S�C�P�M�G�V�D�I�T�J�O�
 �J�T �B�Q�Q�M�J�F�E �U�P �U�I�F �D�F�M�M�T�
 �B�O�E �Q�I�F�O�P�M �J�T �V�T�F�E 
�U�P �B�M�M�P�X �U�I�F �T�U�B�J�O �U�P �Q�F�O�F�U�S�B�U�F �J�O�U�P �U�I�F �X�B�Y�Z �T�V�S�G�B�D�F �P�G �B�D�J�E���G�B�T�U 
�N�J�D�S�P�P�S�H�B�O�J�T�N�T�� �5�I�F �F�Y�D�F�T�T �T�U�B�J�O �J�T �S�F�N�P�W�F�E �C�Z �U�S�F�B�U�N�F�O�U �X�J�U�I 
���� �T�V�M�G�V�S�J�D �B�D�J�E�� �" �T�F�D�P�O�E�B�S�Z �T�U�B�J�O�
 �N�F�U�I�Z�M�F�O�F �C�M�V�F�
 �J�T �U�I�F�O 
�B�Q�Q�M�J�F�E �U�P �U�I�F �D�F�M�M�T���

Method
����������1�S�F�Q�B�S�F �B�O�E �m�Y �U�I�F �T�Q�F�D�J�N�F�O �T�N�F�B�S �C�F�G�P�S�F �T�U�B�J�O�J�O�H��
����������$�P�W�F�S �U�I�F �T�N�F�B�S �X�J�U�I �D�B�S�C�P�M�G�V�D�I�T�J�O �G�P�S �� �U�P �� �N�J�O�V�U�F�T �B�U 

�S�P�P�N �U�F�N�Q�F�S�B�U�V�S�F��
����������(�F�O�U�M�Z �S�J�O�T�F �U�I�F �T�M�J�E�F �X�J�U�I �X�B�U�F�S��
����������3�V�O ���� �T�V�M�G�V�S�J�D �B�D�J�E �E�F�D�P�M�P�S�J�[�F�S �P�W�F�S �U�I�F �T�M�J�E�F �G�P�S 

�B�Q�Q�S�P�Y�J�N�B�U�F�M�Z �� �N�J�O�V�U�F�T��
����������3�J�O�T�F �U�I�F �T�M�J�E�F �X�J�U�I �X�B�U�F�S �B�O�E �E�F�D�P�M�P�S�J�[�F �B�H�B�J�O �G�P�S �� �U�P �� 

�N�J�O�V�U�F�T �V�O�U�J�M �U�I�F �T�P�M�V�U�J�P�O �S�V�O�T �D�M�F�B�S��
����������3�J�O�T�F �U�I�F �T�M�J�E�F �X�J�U�I �X�B�U�F�S��
����������$�P�W�F�S �U�I�F �T�N�F�B�S �X�J�U�I �U�I�F �T�F�D�P�O�E�B�S�Z �P�S �D�P�V�O�U�F�S�T�U�B�J�O�
 

�N�F�U�I�Z�M�F�O�F �C�M�V�F�
 �G�P�S �� �N�J�O�V�U�F��

����������(�F�O�U�M�Z �S�J�O�T�F �U�I�F �T�M�J�E�F �X�J�U�I �X�B�U�F�S��
����������#�M�P�U �U�I�F �T�M�J�E�F �E�S�Z �X�J�U�I �C�J�C�V�M�P�V�T �Q�B�Q�F�S���

Expected Results
�"�D�J�E���G�B�T�U �P�S�H�B�O�J�T�N�T�
 Mycobacterium �T�Q�Q���
 �X�J�M�M �B�Q�Q�F�B�S �Q�J�O�L��

�/�P�U�F�� �*�E�F�O�U�J�m�D�B�U�J�P�O �P�G �B �T�J�O�H�M�F �B�D�J�E���G�B�T�U �C�B�D�J�M�M�V�T �J�O �B �T�J�O�H�M�F 
�T�Q�V�U�V�N �J�T �D�P�O�T�J�E�F�S�F�E �E�J�B�H�O�P�T�U�J�D��

�/�P�O�o�B�D�J�E���G�B�T�U �P�S�H�B�O�J�T�N�T �X�J�M�M �B�Q�Q�F�B�S �C�M�V�F�� �*�O �B�E�E�J�U�J�P�O�
 
�C�B�D�L�H�S�P�V�O�E �N�B�U�F�S�J�B�M �T�I�P�V�M�E �T�U�B�J�O �C�M�V�F���

Limitations
����������.�B�Z �C�F �M�F�T�T �T�F�O�T�J�U�J�W�F �U�I�B�O �U�I�F �;�J�F�I�M���/�F�F�M�T�F�O �N�F�U�I�P�E��
����������4�N�F�B�S�T �U�I�B�U �B�S�F �U�P�P �U�I�J�D�L �N�B�Z �O�P�U �Q�S�P�Q�F�S�M�Z �T�U�B�J�O���

Safety Considerations
����������$�B�S�C�P�M�G�V�D�I�T�J�O �S�F�B�H�F�O�U �D�P�O�U�B�J�O�T �Q�I�F�O�P�M�� �1�I�F�O�P�M �J�T �B 

�D�P�S�S�P�T�J�W�F�
 �D�P�N�C�V�T�U�J�C�M�F �Q�P�J�T�P�O �B�O�E �T�I�P�V�M�E �C�F �I�B�O�E�M�F�E 
�D�B�S�F�G�V�M�M�Z�� �(�M�P�W�F�T �N�V�T�U �C�F �X�P�S�O �E�V�S�J�O�H �I�B�O�E�M�J�O�H�� �"�W�P�J�E 
�G�V�N�F�T �X�I�F�O �I�F�B�U�J�O�H �U�P �N�J�O�J�N�J�[�F �U�I�F �J�O�I�B�M�B�U�J�P�O �P�G 
�G�V�N�F�T�� �1�I�F�O�P�M �N�V�T�U �C�F �E�J�T�Q�P�T�F�E �P�G �J�O �I�B�[�B�S�E�P�V�T �X�B�T�U�F 
�D�P�O�U�B�J�O�F�S�T�
 �J�O�D�M�V�E�J�O�H �D�P�O�U�B�N�J�O�B�U�F�E �m�M�U�F�S �Q�B�Q�F�S��

����������1�S�P�Q�F�S �T�B�G�F�U�Z �Q�S�P�D�F�E�V�S�F�T �T�I�P�V�M�E �C�F �V�T�F�E �X�I�F�O �I�B�O�E�M�J�O�H 
�T�V�M�G�V�S�J�D �B�D�J�E�� �%�J�M�V�U�J�P�O �T�I�P�V�M�E �C�F �D�P�N�Q�M�F�U�F�E �V�T�J�O�H �Q�S�P�Q�F�S 
�Q�F�S�T�P�O�B�M �Q�S�P�U�F�D�U�J�W�F �F�R�V�J�Q�N�F�O�U �B�O�E �J�O �B �I�P�P�E �U�P �Q�S�F�W�F�O�U 
�J�O�I�B�M�B�U�J�P�O �C�V�S�O�T �P�G �U�I�F �S�F�T�Q�J�S�B�U�P�S�Z �U�S�B�D�U��
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Acid-fast–negative
bacilli

1  Fix smears on heated surface (60°C for at least 10 minutes).

2  Flood smears with carbolfuchsin (primary stain) and heat to
    almost boiling by performing the procedure on an electrically
    heated platform or by passing the flame of a Bunsen burner
    underneath the slides on a metal rack. The stain on the slides
    should steam. Allow slides to sit for 5 minutes after heating; do
    not allow them to dry out. Wash the slides in distilled water (note:
    tap water may contain acid-fast bacilli). Drain off excess liquid.

3  Flood slides with 3% HCI in 95% ethanol (decolorizer) for
    approximately 1 minute. Check to see that no more red color
    runs off the surface when the slide is tipped. Add a bit more
    decolorizer for very thick slides or those that continue to
    “bleed” red dye. Wash thoroughly with water and remove
    the excess.

4  Flood slides with methylene blue (counterstain) and allow to
    remain on surface of slides for 1 minute. Wash with distilled
    water and stand slides upright on paper towels to air dry.
    Do not blot dry.

5  Examine microscopically (see A and B below), screening at
    400� magnification and confir m all suspicious (i.e., red)
    organisms at 1000��magnification using an oil-immersion lens .

Acid-fast–positive
bacilli

1

2

3

4

Steps for
staining

Cells on slide

Stain redStain red

Remain red

Remain red

Become
colorless

Stain blue

Primary stain
(carbolfuchsin

red)

Decolorizer
(HCI, alcohol)

Counterstain
(methylene blue)

A B

�t Fig. �.�  �5�I�F �;�J�F�I�M���/�F�F�M�T�F�O �B�D�J�E���G�B�T�U �T�U�B�J�O �Q�S�P�D�F�E�V�S�F�T �B�O�E �Q�S�J�O�D�J�Q�M�F�T�� �	�"�
 �"�D�J�E���G�B�T�U �Q�P�T�J�U�J�W�F �C�B�D�J�M�M�J��  
�	�#�
 �"�D�J�E���G�B�T�U �O�F�H�B�U�J�W�F �C�B�D�J�M�M�J�� �	�.�P�E�J�m�F�E �G�S�P�N �"�U�M�B�T �3�.�� Principles of Microbiology. �4�U�� �-�P�V�J�T�� �.�P�T�C�Z�� �����������


other microorganisms, host cells, and debris stain a blue 
to blue-green color (Figs. 6.8 and 6.9).

As with the Gram stain, the acid-fast stain is used to 
detect acid-fast bacteria (e.g., mycobacteria) directly in 
clinical specimens and provide preliminary identi�ca-
tion information for suspicious bacteria grown in culture. 
Because mycobacterial infections are much less common 
than infections caused by other non–acid-fast bacteria, 
the acid-fast stain is only performed on specimens from 
patients highly suspected of having a mycobacterial infec-
tion. �at is, Gram staining is a routine part of most bac-
teriology procedures, whereas acid-fast staining is reserved 
for speci�c situations. Similarly, the acid-fast stain is 
applied to bacteria grown in culture when mycobacteria are 
suspected based on other growth characteristics (for more 
information regarding the identi�cation of mycobacteria, 
see Chapter 42). Because of the development of nucleic 
acid–based testing for the identi�cation of organisms that 
are di�cult to cultivate in the laboratory, such as acid-fast 
microorganisms, this technique is no longer widely avail-
able in many clinical laboratories.�

Phase-Contrast Microscopy

Instead of using a stain to achieve the contrast necessary for 
observing microorganisms, altering microscopic techniques 
to enhance contrast o�ers another approach. Phase-con-
trast microscopy does not use a �xed smear preparation, 
but instead is used to view organisms and other cells in a 
wet preparation or wet mount. A wet mount preparation 
may consist of a nonviscous liquid such as urine or a sample 
suspended in sterile saline, such as a vaginal sample. Phase-
contrast microscopy uses beams of light passing through the 
specimen that are partially de�ected by the di�erent den-
sities or thicknesses (i.e., refractive indices) of the micro-
bial cells or cell structures in the specimen. �e greater the 
refractive index of an object, the more the beam of light 
is slowed, which results in decreased light intensity. �ese 
di�erences in light intensity translate into di�erences that 
provide contrast. Phase microscopy translates di�erences in 
phases within the specimen into di�erences in light intensi-
ties that result in contrast among objects within the speci-
men being observed.
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Smear preparations and permanent staining are used to 
visualize cellular structures from nonliving or dead micro-
organisms. Because staining is not part of phase contrast 
microscopy, this method o�ers the advantage of allowing 
observation of viable microorganisms. �e method is not 
commonly used in diagnostic microbiology, but it is used 
to identify medically important fungi grown in culture 
(for more information regarding the use of phase-contrast 
microscopy for fungal identi�cation, see Chapter 58, and 
for parasitic identi�cation, see Chapter 46).�

Fluorescent Microscopy

Principle of Fluorescent Microscopy

Certain dyes, called �uorophores or �uorochromes, can 
be raised to a higher energy level after absorbing ultraviolet 
(excitation) light. When the dye molecules return to their 
normal, lower energy state, they release excess energy in 
the form of visible (�uorescent) light. �is process is called 
�uorescence, and microscopic methods have been devel-
oped to exploit the enhanced contrast and detection that 
this phenomenon provides.

Fig. 6.10 diagrams the principle of �uorescent microscopy 
in which the excitation light is emitted from above (epi�uo -
rescence). An excitation �lter passes light of the desired wave-
length to excite the �uorochrome that has been used to stain 
the specimen. A barrier �lter in the objective lens prevents 
the excitation wavelengths from damaging the eyes of the 
observer. When observed through the ocular lens, �uorescing 
objects appear brightly lit against a dark background.

�e color of the �uorescent light depends on the dye and 
light �lters used. For example, use of the �uorescent dyes 
acridine orange, auramine, and �uorescein isothiocyanate 
(FITC) require blue excitation light, exciter �lters that select 
for light in the 450- to 490-�  wavelength range, and a bar-
rier �lter for 515-� . Calco�uor white, on the other hand, 
requires violet excitation light, an exciter �lter that selects for 

light in the 355- to 425-�  wavelength range, and a barrier 
�lter for 460-� . Which dye is used often depends on which 
organism is suspected and the �uorescent method used. �e 
intensity of the contrast obtained with �uorescent micros-
copy is an advantage it has over the use of chromogenic dyes 
(e.g., the crystal violet and safranin of the Gram stain) and 
light microscopy. �e disadvantage of �uorescent microscopy 
results from photobleaching or quenching of the �uorophore 
over time. Photobleaching, or fading, is the permanent loss 
of �uorescence because of chemical damage to the �uoro-
chrome. Quenching is a result of the transfer of the light 
energy to nearby molecules in the sample such as free radicals, 
salts of heavy metals, or halogens. Quenching may be allevi-
ated by adding chemical scavengers to the mounting �uid. 
Storing �uorescent slides in a dark container and refrigerated 
at 2°C to 8°C will decrease the loss of �uorescence over time. 
Digital photography is frequently used to maintain perma-
nent records for �uorescent microscopy.�

Staining Techniques for Fluorescent 
Microscopy

Based on the composition of the �uorescent stain reagents, 
�uorescent staining techniques may be divided into two 
general categories: �uorochroming, in which a �uorescent 
dye or �uorophore is used alone, and immuno�uorescence, 
in which �uorescent dyes have been linked (conjugated) to 
speci�c antibodies. �e principal di�erences between these 
two methods are outlined in Fig. 6.11.

Fluorochroming
In �uorochroming, a direct chemical interaction occurs 
between the �uorescent dye or �uorophore and a com-
ponent of the bacterial cell; this interaction is the same as 
occurs with the stains used in light microscopy. �e di�er-
ence is that the use of a �uorescent dye enhances contrast 
and ampli�es the observer’s ability to detect stained cells 
tenfold greater than would be observed by light micros-
copy. For example, a minimum concentration of at least 
105 organisms per milliliter of specimen is required for 
visualization by light microscopy, whereas by �uorescent 
microscopy, that number decreases to 104 per milliliter. �e 
most common �uorochroming methods used in diagnos-
tic microbiology include acridine orange, auramine-rhoda-
mine, and calco�uor white.

Acridine Orange
�e �uorochrome acridine orange binds to nucleic acid. �is 
staining method (Evolve Procedure 6.5) can be used to con-
�rm the presence of bacteria in blood cultures when Gram 
stain results are di�cult to interpret or when the presence of 
bacteria is highly suspected but none are detected using light 
microscopy. Because acridine orange stains all nucleic acids, it 
is nonspeci�c. All microorganisms and nucleic acid–contain-
ing host cells will stain and give a bright orange �uorescence. 
Although this stain can be used to enhance detection, it does 

A

A

B

�t Fig. �.�  �"�D�J�E���G�B�T�U �T�U�B�J�O �P�G �E�J�S�F�D�U �T�N�F�B�S �U�P �T�I�P�X �B�D�J�E���G�B�T�U �C�B�D�J�M�M�J �T�U�B�J�O��
�J�O�H �E�F�F�Q �S�F�E (arrow A) �B�O�E �O�P�O�o�B�D�J�E���G�B�T�U �C�B�D�J�M�M�J �B�O�E �I�P�T�U �D�F�M�M�T �T�U�B�J�O�J�O�H 
�C�M�V�F �X�J�U�I �U�I�F �D�P�V�O�U�F�S�T�U�B�J�O �N�F�U�I�Z�M�F�O�F �C�M�V�F (arrow B).
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not discriminate between gram-negative and gram-positive 
bacteria. �e stain is also used for the detection of cell wall–
de�cient bacteria (e.g., mycoplasmas) grown in cultures that 
are incapable of retaining the dyes used in the Gram stain (Fig. 
6.12; Evolve Procedure 6.5).�

Auramine-Rhodamine
�e waxy mycolic acids in the cell walls of mycobacteria have 
an a�nity for the �uorochromes auramine and rhodamine. 
As shown in Fig. 6.13, these dyes will nonspeci�cally bind 
to nearly all mycobacteria. �e mycobacterial cells appear 

B Imm unofluorescence

A Fluor ochr oming

Specific
fluorescence

Dye

Fluorescent dye

Conjugate

Specific
antibody

Target bacteria to be stained Staining results

All bacteria stain 
and fluoresce

+

+

Fluorescent dye Antigens

�t Fig. �.��  �1�S�J�O�D�J�Q�M�F�T �P�G �n�V�P�S�P�D�I�S�P�N�J�O�H �B�O�E �J�N�N�V�O�P�n�V�P�S�F�T�D�F�O�D�F�� �'�M�V�P�S�P�D�I�S�P�N�J�O�H �	�"�
 �J�O�W�P�M�W�F�T �O�P�O�T�Q�F�D�J�m�D 
�T�U�B�J�O�J�O�H �P�G �B�O�Z �C�B�D�U�F�S�J�B�M �D�F�M�M �X�J�U�I �B �n�V�P�S�F�T�D�F�O�U �E�Z�F�� �*�N�N�V�O�P�n�V�P�S�F�T�D�F�O�D�F �	�#�
 �V�T�F�T �B�O�U�J�C�P�E�J�F�T �M�B�C�F�M�F�E �X�J�U�I 
�n�V�P�S�F�T�D�F�O�U �E�Z�F �	�J���F���
 �B �D�P�O�K�V�H�B�U�F�
 �U�P �T�Q�F�D�J�m�D�B�M�M�Z �T�U�B�J�O �B �Q�B�S�U�J�D�V�M�B�S �C�B�D�U�F�S�J�B�M �T�Q�F�D�J�F�T��
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�t Fig. �.��  �1�S�J�O�D�J�Q�M�F �P�G �n�V�P�S�F�T�D�F�O�U �N�J�D�S�P�T�D�P�Q�Z�� �.�J�D�S�P�P�S�H�B�O�J�T�N�T �J�O �B �T�Q�F�D�J�N�F�O �B�S�F �T�U�B�J�O�F�E �X�J�U�I �B �n�V�P�S�F�T�D�F�O�U 
�E�Z�F�� �0�O �F�Y�Q�P�T�V�S�F �U�P �F�Y�D�J�U�B�U�J�P�O �M�J�H�I�U�
 �P�S�H�B�O�J�T�N�T �B�S�F �W�J�T�V�B�M�M�Z �E�F�U�F�D�U�F�E �C�Z �U�I�F �F�N�J�T�T�J�P�O �P�G �n�V�P�S�F�T�D�F�O�U �M�J�H�I�U 
�C�Z �U�I�F �E�Z�F �X�J�U�I �X�I�J�D�I �U�I�F�Z �I�B�W�F �C�F�F�O �T�U�B�J�O�F�E �	�J���F���
 �n�V�P�S�P�D�I�S�P�N�J�O�H�
 �P�S �i�U�B�H�H�F�E�w �	�J���F���
 �J�N�N�V�O�P�n�V�P�S�F�T�D�F�O�D�F�
��
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PROCEDURE 6.5

Acridine Orange Stain

Purpose
�%�J�G�G�F�S�F�O�U�J�B�M �T�U�B�J�O�J�O�H �P�G �O�V�D�M�F�J�D �B�D�J�E�T�
 �J�O�D�M�V�E�J�O�H �%�/�" �B�O�E �3�/�"���

Principle
�"�D�S�J�E�J�O�F �P�S�B�O�H�F�
 �B �W�J�U�B�M �T�U�B�J�O�
 �X�J�M�M �J�O�U�F�S�D�B�M�B�U�F �X�J�U�I �O�V�D�M�F�J�D �B�D�J�E�
 
�D�I�B�O�H�J�O�H �U�I�F �E�Z�F���T �P�Q�U�J�D�B�M �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �T�P �U�I�B�U �J�U �X�J�M�M �n�V�P�S�F�T�D�F 
�C�S�J�H�I�U �P�S�B�O�H�F �V�O�E�F�S �V�M�U�S�B�W�J�P�M�F�U �M�J�H�I�U�� �"�M�M �O�V�D�M�F�J�D �B�D�J�E�o�D�P�O�U�B�J�O�J�O�H 
�D�F�M�M�T �X�J�M�M �n�V�P�S�F�T�D�F �P�S�B�O�H�F �	�T�F�F �'�J�H�� ���������
�� �"�D�S�J�E�J�O�F �P�S�B�O�H�F �J�T �B 
�N�F�U�B�D�I�S�P�N�B�U�J�D �T�U�B�J�O�
 �B�O�E �V�O�E�F�S �B�Q�Q�S�P�Q�S�J�B�U�F �D�P�O�E�J�U�J�P�O�T�
 �3�/�" 
�X�J�M�M �T�U�B�J�O �P�S�B�O�H�F �B�O�E �%�/�" �X�J�M�M �T�U�B�J�O �H�S�F�F�O���

Method
����������1�S�P�Q�F�S�M�Z �Q�S�F�Q�B�S�F �B�O�E �m�Y �U�I�F �T�N�F�B�S �C�F�G�P�S�F �T�U�B�J�O�J�O�H��
����������'�M�P�P�E �U�I�F �T�M�J�E�F �X�J�U�I �B�D�S�J�E�J�O�F �P�S�B�O�H�F �T�U�B�J�O �	�B�W�B�J�M�B�C�M�F �G�S�P�N 

�W�B�S�J�P�V�T �D�P�N�N�F�S�D�J�B�M �T�V�Q�Q�M�J�F�S�T�
�� �"�M�M�P�X �U�I�F �T�U�B�J�O �U�P �S�F�N�B�J�O 
�P�O �U�I�F �T�V�S�G�B�D�F �P�G �U�I�F �T�M�J�E�F �G�P�S �� �N�J�O�V�U�F�T �X�J�U�I�P�V�U �E�S�Z�J�O�H��

����������3�J�O�T�F �X�J�U�I �U�B�Q �X�B�U�F�S �B�O�E �B�M�M�P�X �N�P�J�T�U�V�S�F �U�P �E�S�B�J�O �G�S�P�N �U�I�F 
�T�M�J�E�F �B�O�E �B�J�S���E�S�Z��

����������&�Y�B�N�J�O�F �U�I�F �T�M�J�E�F �V�T�J�O�H �n�V�P�S�F�T�D�F�O�U �N�J�D�S�P�T�D�P�Q�Z���

Expected Results
�#�B�D�U�F�S�J�B �B�O�E �Z�F�B�T�U�T �X�J�M�M �n�V�P�S�F�T�D�F �C�S�J�H�I�U �P�S�B�O�H�F �B�H�B�J�O�T�U �B �H�S�F�F�O��
�n�V�P�S�F�T�D�J�O�H �P�S �E�B�S�L �C�B�D�L�H�S�P�V�O�E�� �5�I�F �O�V�D�M�F�J �P�G �I�P�T�U �D�F�M�M�T �N�B�Z 
�B�M�T�P �n�V�P�S�F�T�D�F��

�/�P�U�F�� �3�/�" �J�T �N�P�S�F �B�C�V�O�E�B�O�U �E�V�S�J�O�H �D�F�M�M�V�M�B�S �H�S�P�X�U�I �B�O�E �N�B�Z 
�N�B�T�L �U�I�F �H�S�F�F�O �n�V�P�S�F�T�D�F�O�D�F �P�G �U�I�F �%�/�" �X�J�U�I�J�O �U�I�F �D�F�M�M���

Limitations
����������$�F�M�M�V�M�B�S �E�F�C�S�J�T �X�J�U�I�J�O �B �T�B�N�Q�M�F �T�V�D�I �B�T �X�I�J�U�F �C�M�P�P�E 

�D�F�M�M�T�
 �F�Q�J�U�I�F�M�J�B�M �D�F�M�M�T�
 �B�O�E �E�F�B�E �C�B�D�U�F�S�J�B �N�B�Z �E�J�T�U�P�S�U �U�I�F 
�N�J�D�S�P�T�D�P�Q�J�D �J�N�B�H�F��

����������"�D�S�J�E�J�O�F �P�S�B�O�H�F �J�T �B �W�F�S�Z �T�F�O�T�J�U�J�W�F �T�U�B�J�O�
 �B�O�E �D�B�V�U�J�P�O 
�T�I�P�V�M�E �C�F �V�T�F�E �X�I�F�O �J�O�U�F�S�Q�S�F�U�J�O�H �S�F�T�V�M�U�T��
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bright yellow or orange against a greenish background. �is 
�uorochroming method can be used to enhance the detec-
tion of mycobacteria directly in patient specimens and for 
the initial characterization of cells grown in culture.�

Calco�uor White
�e cell walls of fungi will bind the stain calco�uor white, 
which greatly enhances fungal visibility in tissue and other 
specimens. Calco�uor white binds to cells that are composed 
of chitin or cellulose. �is �uorochrome is commonly used 

to directly detect fungi in clinical material and to observe 
subtle characteristics of fungi grown in culture (for more 
information regarding the use of calco�uor white for the 
laboratory diagnosis of fungal infections, see Chapter 58). 
Calco�uor white may also be used to visualize some para-
sites such as microsporidia.�

Immunofluorescence
As discussed in Chapter 3, antibodies are molecules that 
have high speci�city for interacting with microbial antigens. 

BA

�t Fig. �.��  �$�P�N�Q�B�S�J�T�P�O �P�G �U�I�F �;�J�F�I�M���/�F�F�M�T�F�O�o�T�U�B�J�O�F�E �	�"�
 �B�O�E �B�V�S�B�N�J�O�F���S�I�P�E�B�N�J�O�F�o�T�U�B�J�O�F�E �	�#�
 
Mycobacterium �T�Q�Q�� (arrows).

A B

C D

Fig. �.��  �$�P�N�Q�B�S�J�T�P�O �P�G �B�D�S�J�E�J�O�F �P�S�B�O�H�F �n�V�P�S�P�D�I�S�P�N�J�O�H �B�O�E �(�S�B�N �T�U�B�J�O�� �(�S�B�N �T�U�B�J�O �P�G �N�Z�D�P�Q�M�B�T�N�B �E�F�N��
�P�O�T�U�S�B�U�F�T �U�I�F �J�O�B�C�J�M�J�U�Z �U�P �E�J�T�U�J�O�H�V�J�T�I �D�F�M�M �X�B�M�M�o�E�F�m�D�J�F�O�U �P�S�H�B�O�J�T�N�T �G�S�P�N �B�N�P�S�Q�I�P�V�T �H�S�B�N���O�F�H�B�U�J�W�F �E�F�C�S�J�T 
�	�"�
�� �4�U�B�J�O�J�O�H �U�I�F �T�B�N�F �T�Q�F�D�J�N�F�O �X�J�U�I �B�D�S�J�E�J�O�F �P�S�B�O�H�F �D�P�O�m�S�N�T �U�I�F �Q�S�F�T�F�O�D�F �P�G �O�V�D�M�F�J�D �B�D�J�E�o�D�P�O�U�B�J�O�J�O�H 
�P�S�H�B�O�J�T�N�T �	�#�
�� �(�S�B�N �T�U�B�J�O �E�J�T�U�J�O�H�V�J�T�I�F�T �C�F�U�X�F�F�O �H�S�B�N���Q�P�T�J�U�J�W�F �B�O�E �H�S�B�N���O�F�H�B�U�J�W�F �C�B�D�U�F�S�J�B �	�$�
�
 �C�V�U �B�M�M 
�C�B�D�U�F�S�J�B �T�U�B�J�O �U�I�F �T�B�N�F �X�J�U�I �U�I�F �O�P�O�T�Q�F�D�J�m�D �B�D�S�J�E�J�O�F �P�S�B�O�H�F �E�Z�F �	�%�
��
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A B

�t Fig. �.��  �*�N�N�V�O�P�n�V�P�S�F�T�D�F�O�D�F �T�U�B�J�O�T �P�G Legionella �T�Q�Q�� �	�"�
 �B�O�E Bordetella pertussis �	�#�
 �V�T�F�E �G�P�S 
�J�E�F�O�U�J�m�D�B�U�J�P�O��
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�t Fig. �.��  �%�B�S�L���m�F�M�E �N�J�D�S�P�T�D�P�Q�Z�� �1�S�J�O�D�J�Q�B�M �	�"�
 �B�O�E �E�B�S�L���m�F�M�E �Q�I�P�U�P�N�J�D�S�P�H�S�B�Q�I �T�I�P�X�J�O�H �U�I�F �U�J�H�I�U�M�Z �D�P�J�M�F�E 
�D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �P�G �U�I�F �T�Q�J�S�P�D�I�F�U�F Treponema pallidum �	�#�
�� �	�'�S�P�N �"�U�M�B�T �3�.�� Principles of Microbiology. St. 
�-�P�V�J�T�� �.�P�T�C�Z�� �����������


Antibodies speci�c for an antigen characteristic of a particu-
lar microbial species will only combine with that antigen. 
When antibodies are conjugated (chemically linked) to a 
�uorescent dye, the resulting dye-antibody conjugate can be 
used to detect, or “tag,” speci�c microbial agents (Fig. 6.11). 
When “tagged,” the microorganisms become readily detect-
able by �uorescent microscopy. �us, immuno�uorescence 
combines the ampli�ed contrast provided by �uorescence 
with the speci�city of antibody-antigen binding.

�is method is used to directly examine patient speci-
mens for bacteria that are di�cult or slow to grow (e.g., 
Legionella spp. and Chlamydia trachomatis) or to identify 
organisms already grown in culture. FITC, which emits 
an intense, apple green �uorescence, is the �uorochrome 
commonly used for conjugation to antibodies (Fig. 6.14). 
Immuno�uorescence can also be used in virology (Chapter 
64) and to some extent in parasitology (Chapter 46).

Fluorescent in situ hybridization using peptide nucleic 
acid probes is a powerful technique used in the clinical labo-
ratory and is discussed in further detail in Chapter 8.

Two additional types of microscopy, dark-�eld micros-
copy and electron microscopy, are not commonly used 
to diagnose infectious diseases. However, because of their 
importance in the detection and characterization of certain 
microorganisms, they are discussed here.�

Dark-Field Microscopy

Dark-�eld microscopy is similar to phase-contrast micros-
copy in that it involves the alteration of microscopic tech-
nique rather than the use of dyes or stains to achieve contrast. 
By the dark-�eld method, the condenser does not allow light 
to pass directly through the specimen but directs the light to 
hit the specimen at an oblique angle (Fig. 6.15A). Only light 
that hits objects, such as microorganisms in the specimen, 
will be de�ected upward into the objective lens for visual-
ization. All other light that passes through the specimen will 
miss the objective, thus making the background a dark �eld.

�is method has the greatest utility for detecting certain 
bacteria directly in patient specimens that, because of their thin 
dimensions, cannot be seen by light microscopy and, because 
of their physiology, are di�cult to grow in culture. Dark-�eld 
microscopy is used to detect spirochetes, the most notorious of 
which is the bacterium Treponema pallidum, the causative agent 
of syphilis (for more information regarding spirochetes, see 
Chapter 45). As shown in Fig. 6.15B, spirochetes viewed using 
dark-�eld microscopy will appear extremely bright against a 
black �eld. �e use of dark-�eld microscopy is con�ned to spe-
cialized research laboratories. Dark-�eld microscopy in diag-
nostic clinical microbiology has been replaced with serologic 
techniques for the diagnosis of syphilis.�
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Digital Automated Microscopy

Automation in digital microscopy using sophisticated 
software and unique technology now permits laboratories 
to acquire microscopic digital images of Gram stains using 
a web-based interface. �is interface allows images using a 
fully automated microscope to be viewed on a single screen 
(COPAN, Murieta, CA, and MetaSystems GmbH, Boston, 
MA). Digital imaging, including scanning entire slides, pro-
vides an opportunity for standardization, cost reductions, 
quality improvement, and increased e�ciency.

Digital or virtual microscopy can greatly aid depart-
ments, college programs, and professional organizations in 
the delivery of quality cost-e�ective microscopy training. 
An additional tool that now allows whole slide imaging is 
available, enabling the viewer to track the slide on x- and 
y-axes, very much like using a standard microscope. Sev-
eral technologies provide mobile device viewers for virtual 
microscopy.�

Digital Holographic Microscopy

Digital holographic microscopy (DHM) has been used to 
visualize bacteria in aqueous environments without the 
loss of resolution in samples one millimeter thick. �is is 

approximately 100-fold greater resolution than most bright-
�eld microscopes. Although currently under development, 
this technique has the potential to improve the identi�ca-
tion of low concentrations of organisms in clinical samples.

 Visit the Evolve site for a complete list of procedures, 
review questions, and case studies.
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Chapter Review
	1.	� Digital holographic microscopy allows for improved res-

olution over regular light microscopy by approximately:
	 a.	�10 fold
	 b.	�100 fold
	 c.	�1000 fold
	 d.	�None of the above
	2.	� A �uorescent dye coupled with speci�c antibodies is 

called:
	 a.	�Immuno�uorescence
	 b.	�Fluorochroming
	 c.	�Acridine orange
	 d.	�Electron microscopy
	3.	� �e stain that binds to the nucleic acid of organisms but 

does not discriminate between gram-positive or gram-
negative organisms is called:

	 a.	�Ziehl-Neelsen stain
	 b.	�Auramine-rhodamine stain
	 c.	�Gram stain
	 d.	�Acridine orange stain
	4.	� �e step in the Gram stain process that distinguishes 

between gram-positive and gram-negative organisms is:
	 a.	�Fixing of the cells to the slide using heat or methanol
	 b.	�Decolorization using alcohol or acetone
	 c.	�Counterstain of the Gram stain using safranin
	 d.	�Application of the mordant, Gram’s iodine
	5.	� Dark-�eld microscopy may be used for the microscopic 

examination of these types of bacteria:
	 a.	�Gram-positive cocci, such as Staphylococcus aureus
	 b.	�Yeast, such as Candida tropicalis
	 c.	�Gram-negative bacilli, such as Escherichia coli
	 d.	�Spirochetes, such as Treponema pallidum
	6.	� True or False

_____ �e ocular lens is the lens closest to the specimen.
_____ Resolution is the extent to which detail in a mag-

ni�ed image is de�ned.
_____ Fungi stain gram-negative.
_____ Acid-fast bacteria are resistant to decolorization.
_____ A �uorescent dye coupled with speci�c antibodies 

is called �uorochroming.

	7.	� Matching: Match each of the following terms with the 
appropriate description.

_____ Gram stain
_____ calco�uor white
_____ direct smear
_____ carbolfuchsin
_____ Ziehl-Neelsen 

stain
_____ safranin
_____ Gram’s iodine
_____ crystal violet
_____ Kohler 

illumination

	a.	� “hot” method of 
acid-fast stain

	b.	� Gram staining of 
clinical material

	c.	� primary stain in the 
classic acid-fast stain

	d.	� primary stain of the 
Gram stain

	e.	� focuses light path 
for proper resolution

	f.	� counterstain in the 
Gram stain

	g.	� stain used to detect 
fungi in clinical 
material

	h.	� principal stain used 
for microscopic 
bacteria examination

	i.	� mordant that forms 
the intracellular 
complex

8.	� Short Answer
	 (1)	� How is contrast achieved in light microscopy?
	 (2)	� Calculate the total viewing magni�cation of an 

object when using the 40× objective lens.
	 (3)	� Which two methods of microscopy are most widely 

used in clinical laboratories?
	 (4)	� For what reason would the Gram stain of gram- 

positive organisms stain gram-variable, and how 
should that Gram stain be reported?

	 (5)	� An indirect smear from a blood agar plate was Gram 
stained and reported as “gram-positive cocci in clus-
ters.” However, the Gram stain of the thioglycollate 
broth demonstrated gram-positive cocci in chains. 
How would the microbiologist resolve this discrep-
ancy, and what should be reported?
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for laboratory identi�cation or con�rmation procedures 
to be performed.

�e successful transition from the in�vivo to the in�vitro 
environment requires that the nutritional and environmen-
tal growth requirements of bacterial pathogens be met. �e 
environmental transition is not necessarily easy for bacte-
ria. In�vivo they are utilizing various complex metabolic and 
physiologic pathways developed for survival on or within 
the human host. �en, relatively suddenly, they are exposed 
to the arti�cial in�vitro environment of the laboratory. �e 
bacteria must adjust to survive and multiply. �e survival of 
the organism depends on the availability of essential nutri-
ents and appropriate environmental conditions.

Although growth conditions can be met for most known 
bacterial pathogens, the needs of certain clinically relevant 
�C�B�D�U�F�S�J�B �B�S�F �O�P�U �T�V�ï�D�J�F�O�U�M�Z �V�O�E�F�S�T�U�P�P�E �U�P �B�M�M�P�X �G�P�S �E�F�W�F�M-
opment of in�vitro laboratory growth conditions. Examples 
include Treponema pallidum (the causative agent of syphilis) 
and Mycobacterium leprae (the causative agent of leprosy). 
Additional identi�cation systems such as immunologic or 
genotypic methods must be used to identify these organ-
isms in a clinical specimen. If an organism is not identi�able 
through alternate methods, the clinician must rely on the 
patient signs and symptoms to determine the likely cause 
of the patient’s illness and an appropriate treatment option.

Nutritional Requirements

As discussed in Chapter 2, bacteria have numerous nutri-
tional needs that include di�erent gases, water, various ions, 
vitamins, minerals, nitrogen (peptones or casein), nutrients 
(meat and plant infusions), sources for carbon, and energy. 
�e source for carbon and energy is commonly supplied 
in carbohydrates (e.g., sugars and their derivatives) and 
proteins.

General Concepts of Culture Media
In the laboratory, nutrients are incorporated into cul-
ture media on or in which bacteria are grown. If a culture 
medium meets a bacterial cell’s growth requirements, then 
�U�I�B�U �D�F�M�M �X�J�M�M �N�V�M�U�J�Q�M�Z �U�P �T�V�ï�D�J�F�O�U �O�V�N�C�F�S�T �U�P �B�M�M�P�X �W�J�T�V-
alization by the unaided eye. Of course, bacterial growth 

after inoculation also requires that the medium be placed in 
optimal environmental conditions.

Because di�erent pathogenic bacteria have di�erent 
nutritional needs, various types of culture media have been 
developed for use in diagnostic microbiology. For certain 
bacteria, the needs are relatively complex, and exceptional 
media components must be used for growth. Bacteria with 
special nutritional or environmental requirements are said 
to be fastidious. Alternatively, the nutritional needs of most 
clinically important bacteria are relatively basic and straight-
forward. �ese bacteria are considered nonfastidious.�

Phases of Growth Media
Growth media are primarily used in two phases: either 
broth (liquid) or agar (solid). In some instances (e.g., cer-
tain blood culture methods), a biphasic medium that con-
tains both a liquid and a solid phase, or a semi-solid media 
(e.g., thioglycollate broth) that contains a small percentage 
of agar may be used.

In broth media, nutrients are dissolved in water, and 
bacterial growth is indicated by a change in the broth’s 
appearance from clear to turbid (cloudy). �e turbidity,  
or cloudiness, of the broth results from light de�ected by 
bacteria present in the culture (Fig. 7.1). More growth indi-
cates a higher cell density and greater turbidity. At least 106 
bacteria per milliliter of broth are needed for turbidity to 
be detected with the unaided eye. Some broths may also 
contain a pH indicator, such as phenol red, that may change 
color in the presence of bacterial metabolites rather than 
relying solely on the growth of the organism.

In addition to amount of growth present, the location of 
growth within the broth, such as the thioglycollate broth, 
provides an indication of the type of organism present based 
on oxygen requirements. Strict anaerobes will grow at the 
bottom of the broth tube, whereas aerobes will grow near 
the surface. Microaerophilic organisms require oxygen and 
will grow slightly below the surface where oxygen concen-
trations are lower than atmospheric concentrations. In addi-
tion, microaerobic organisms do not utilize the oxygen and 
include facultative anaerobes and aerotolerant organisms 
that grow throughout the medium, because they are unaf-
fected by the variation in oxygen content.

A B

�t Fig. �.�   (A) Clear broth indicating no bacterial growth (left), and turbid broth indicating bacterial growth 
(right). (B) Individual bacterial colonies growing on the agar surface after incubation.
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A solid medium is a combination of a solidifying agent 
and the nutrients and water. Agar, the most common solidi-
fying agent, has the unique property of melting at high tem-
peratures (� 95°C) and solidifying after the temperature falls 
below 50°C. �e addition of agar allows a solid medium 
to be prepared by heating to an extremely high tempera-
ture, which is required for sterilization. �e media is then 
cooled to 55°C to 60°C for distribution into petri dishes. 
On further cooling, the agar-containing medium forms 
a stable solid gel. �e petri dish containing the agar is an 
agar plate. Solid media may also be placed in tubes; a tube 
with a �at surface is an agar deep and a tube with a slanted 
surface is an agar slant. Di�erent agar media usually are 
identi�ed according to the major nutritive components of 
the medium (e.g., sheep blood agar [BA], bile esculin agar, 
xylose-lysine-deoxycholate [XLD] agar).

With appropriate incubation conditions, each bacterial 
cell inoculated onto the agar medium surface will prolifer-
�B�U�F �U�P �T�V�ï�D�J�F�O�U�M�Z �M�B�S�H�F �O�V�N�C�F�S�T �U�P �C�F �P�C�T�F�S�W�B�C�M�F �X�J�U�I �U�I�F 
unaided eye (Fig. 7.1). �eoretically, the resulting bacterial 
population is considered to be derived from a single bacte-
rial cell and is known as a pure colony. In other words, 
all bacterial cells within a single colony are the same genus 
and species, having identical genetic and phenotypic char-
acteristics (are derived from a single clone). Pure cultures 
are required for subsequent procedures used to identify and 
characterize bacteria. �e ability to select pure (individual) 
colonies is one of the �rst and most important steps required 
for bacterial identi�cation and characterization.�

Media Classifications and Functions
Media are categorized according to their function and use. 
In diagnostic bacteriology, there are four general categories 
of media: enrichment, nutritive, selective, and di�erential.

Enrichment media contain speci�c nutrients required 
for the growth of particular bacterial pathogens that may 
be present alone or with other bacterial species in a patient 
specimen. �is media type is used to enhance the growth of 
a particular bacterial pathogen from a mixture of organisms 
by providing speci�c nutrients for the organism’s growth. 
One example of such a medium is bu�ered charcoal–yeast 
extract agar (BCYE), which provides � -cysteine and other 
nutrients required for the growth of Legionella pneumophila, 
the causative agent of Legionnaire disease (Fig. 7.2).

Enrichment media also includes specialized enrichment 
broths used to enhance the growth of organisms present in 
low numbers. Broths may be used to ensure growth of an 
organism when no organisms grow on solid media after ini-
tial specimen inoculation. Broths used to ensure growth of 
organisms that do not grow on solid media, and that do not 
contain speci�c nutrients to enhance the growth of microor-
ganisms, are referred to as back-up broths. Back-up broths, 
or enrichment broths, that contain speci�c nutrients and 
may include selective properties to prevent the growth of 
contaminating organisms often include thioglycollate for 
�U�I�F �J�T�P�M�B�U�J�P�O �P�G �B�O�B�F�S�P�C�F�T�
 �-�*�. �	�5�P�E�E �)�F�X�J�U�U �C�S�P�U�I �D�P�O-
taining colistin and nalidixic acid [NA]) broth for selective 

enrichment of group B streptococci, and gram-negative 
(GN) broth for the selective enrichment of enteric GN 
organisms.

Nutritive media contain nutrients that support growth 
of most nonfastidious organisms without giving any partic-
ular organism a growth advantage. Nutrient media include 
tryptic soy agar and nutrient agar plates for bacteria, or 
Sabouraud’s dextrose agar for fungi. Selective media con-
tain one or more agents that are inhibitory to all organisms 
except those “selected” by the speci�c growth condition or 
chemical. In other words, these media select for the growth 
of certain bacteria to the disadvantage of others. Inhibi-
tory agents used for this purpose include dyes, bile salts, 
alcohols, acids, and antibiotics. An example of a selective 
medium is phenylethyl alcohol (PEA) agar with 5% sheep 
blood, which inhibits the growth of aerobic and faculta-
tively anaerobic GN rods and allows gram-positive cocci to 
grow (Fig. 7.3). Selective and inhibitory chemicals included 
within nutritive media prevent the overgrowth of normal 
microbiota or contaminating organisms that would prevent 
the identi�cation of pathogenic organisms. However, the 
use of selective media does not ensure that the inhibited 
organisms are not present in small quantity and may simply 
be too small to see. In addition, prolonged incubation of 
selective media may result in dehydration or evaporation of 
the selective agent, permitting contaminating organisms to 
grow.

Di�erential media employ some factor (or factors) that 
allows colonies of one bacterial species or type to exhibit 
certain metabolic or culture characteristics that can be used 
to distinguish them from other bacteria growing on the 
same agar plate. One commonly used di�erential medium 
is MacConkey agar (MAC), which di�erentiates between 
GN bacteria that can and cannot ferment the sugar lactose 
(Fig. 7.4).

Of importance, many media used in diagnostic bac-
teriology provide more than one function. For example, 
MAC is both di�erential and selective, or a combination 
media, because the media will not allow most gram-positive 

�t Fig. �.�   Growth of Legionella pneumophila on the enrichment 
medium buffered charcoal–yeast extract agar, used speci�cally to grow 
this bacterial genus.
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bacteria to grow; it is di�erential based on fermentation of 
lactose as previously described. Another example is sheep 
BA. �is is the most commonly used nutritive medium for 
diagnostic bacteriology, because it allows most nonfastidi-
ous organisms to grow. However, this agar is also di�eren-
tial, because the appearance of colonies produced by certain 
bacterial species is distinguishable based on the hemolytic 

patterns of the organisms, as indicated in Fig. 5.2. Fig. 7.5 
shows di�erential hemolytic patterns of various organisms.�

Summary of Artificial Media for Routine 
Bacteriology
Various broth and agar media that have enrichment, selec-
tive, or di�erential capabilities and are used frequently for 
routine bacteriology are listed alphabetically in �5�B�C�M�F ������. 
Anaerobic bacteriology (Part III, Section 13), mycobacteri-
ology (Part III, Section 14), and mycology (Chapter 58) use 
similar media strategies; details regarding these media are 
provided in the appropriate chapters.

Of the dozens of available media, those commonly used 
for routine diagnostic bacteriology are summarized in this 
discussion. It is important to note that di�erent diagnostic 
microbiology laboratories use di�erent algorithms and com-
binations of media for the primary isolation and character-
ization of microorganisms. Part VII discusses representative 
media used to culture bacteria from various clinical speci-
mens. Similarly, other chapters throughout Part III discuss 
representative media used to identify and characterize spe-
ci�c organisms.

Blood Agar
Most bacteriology specimens are inoculated to BA plates, 
because this medium supports growth for all but the most 
fastidious clinically signi�cant bacteria. In addition, the 
colony morphologies that commonly encounter bacteria  
exhibited on this medium are familiar to most clinical microbi
ologists. �e medium consists of a base containing a protein 
source (e.g., tryptones), soybean protein digest (containing 
a slight amount of natural carbohydrate), sodium chloride, 
agar, and 5% sheep blood. Rabbit or horse blood may also 
be used for the characterization of organisms such as Hae-
mophilus spp. that are incapable of growth on sheep BA.

Certain bacteria produce extracellular enzymes that lyse 
red blood cells in the agar (hemolysis). �is activity can result 
in complete clearing of the red blood cells around the bac-
terial colony (beta-hemolysis) or in only partial lysis of the 
cells to produce a greenish discoloration around the colony 

A

B

A

B

�t Fig. �.�   (A) Heavy mixed growth of the gram-negative bacillus 
Escherichia coli (arrow A) and the gram-positive coccus Enterococcus 
spp. (arrow B) on the nonselective medium sheep blood agar (SBA). 
(B) The selective medium SBA containing phenylethyl-alcohol with 5% 
sheep blood only allows the enterococci to grow (arrow).

A

B

�t Fig. �.�   Differential capabilities of MacConkey agar as gram-negative 
bacilli capable of fermenting lactose appear deep purple (arrow A), 
whereas those not able to ferment lactose appear light pink or relatively 
colorless (arrow B).

A

D

C

B

�t Fig. �.�   Different colony morphologies exhibited on sheep blood agar 
by various bacteria, including alpha-hemolytic streptococci (arrow A), 
gram-negative bacilli (arrow B), beta-hemolytic streptococci (arrow C), 
and Staphylococcus aureus (arrow D).
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  � Plating Media for Routine Bacteriology

Medium Components/Comments Primary Purpose

Bile esculin agar (BEA) Nutrient agar base with ferric citrate. Hydrolysis 
of esculin imparts a brown color to medium; 
sodium deoxycholate inhibits many bacteria.

Differential isolation and presumptive identi�ca-
tion of group D streptococci and non-group D 
enterococci, and Enterobacterales, Klebsiella, 
Enterobacter and Serratia, from other enteric 
bacteria. Can also be used for differentiation of 
Listeria monocytogenes.

Bile esculin azide agar 
with vancomycin

Contains azide to inhibit gram-negative bacteria, 
vancomycin to select for resistant gram-pos-
itive bacteria, and bile esculin to differentiate 
enterococci from other vancomycin-resistant 
bacteria that may grow

Selective and differential for cultivation of vanco-
mycin-resistant enterococci from clinical and 
surveillance specimens

Blood agar (BA) Trypticase soy agar, Brucella agar, or beef heart 
infusion with 5% sheep blood. Rabbit blood or 
horse blood may be used for the characteriza-
tion of hemolytic strains of Haemophilus spp.

Cultivation of nonfastidious microorganisms, 
determination of hemolytic reactions

Bordet-Gengou agar Potato-glycerol–based medium enriched with 
15%–20% de�brinated blood; contaminants 
inhibited by methicillin (�nal concentration of 
2.5 µm/mL)

Isolation of Bordetella pertussis (small, smooth, 
pearl-like colonies with a narrow zone of hemo-
lysis), Bordetella parapertussis (brown colonies 
with a green-black coloration on the reverse 
side), and Bordetella bronchiseptica (brown, 
medium sized colonies with a rough, pitted 
surface).

Brain-heart infusion 
agar or broth

Dextrose, pork brain, and heart dehydrated infu-
sions

Cultivation of fastidious and nonfastidious organ-
isms

Brilliance agar Organism-speci�c nutrient base, selective supple-
ments and chromogenic substrate.

Brilliance CRE
Brilliance ESBL
Brilliance methicillin-resistant Staphylococcus 

aureus (MRSA)
Brilliance Salmonella agar
Brilliance UTI agar
Brilliance UTI Clarity agar
Brilliance VRE agar

This medium is speci�c for the organism that is 
intended for isolation. The formulas include 
media for the presumptive identi�cation of 
carbapenem-resistant E. coli, Klebsiella, 
Enterobacter, Serratia, and Citrobacter (KESC); 
ESBL is used for the detection of extended-
spectrum � -lactamase producing organisms; 
MRSA is used for screening for methicillin-
resistant Staphylococcus aureus; Salmonella 
agar is used for the presumptive identi�cation of 
Salmonella spp.; UTI/UTI Clarity are used for the 
presumptive identi�cation and differentiation of 
Enterococcus spp., E. coli, Proteus, Morganella, 
and Providencia spp.; VRE is used for the iden-
ti�cation of vancomycin-resistant Enterococcus 
faecalis and Enterococcus faecalis.

Buffered charcoal–yeast 
extract agar (BCYE)

Yeast extract, agar, charcoal, and salts supple-
mented with L-cysteine HCl, ferric pyrophos-
phate, ACES buffer, and alpha-ketoglutarate

Enrichment for Legionella spp.
Supports the growth of Francisella and Nocardia 

spp.

Buffered charcoal–yeast 
extract (BCYE) agar 
with antibiotics

BCYE supplemented with polymyxin B, vanco-
mycin, and ansamycin to inhibit gram-negative 
bacteria, gram-positive bacteria, and yeast, 
respectively

Enrichment and selection for Legionella spp.

Burkholderia cepacia 
selective agar

Bile salts, gentamicin, ticarcillin, polymyxin B, 
peptone, yeast extract

For recovery of B. cepacia from cystic �brosis 
patients

Campy-blood agar Contains vancomycin (10 mg/L), trimethoprim (5 
mg/L), polymyxin B (2500 U/L), amphotericin 
B (2 mg/L), and cephalothin (15 mg/L) in a 
Brucella agar base with sheep blood

Selective for Campylobacter spp.

TABLE 
7.1 

Continued
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Medium Components/Comments Primary Purpose

Campylobacter thiogly-
collate broth

Thioglycollate broth supplemented with increased 
agar concentration and antibiotics cephalo-
thin, vancomycin, trimethoprim, amphotericin 
B, and polymyxin B. Contains sodium sul�te 
and sodium thioglycolate to protect cells from 
damage.

Selective holding or transport medium for recovery 
of Campylobacter spp.

CDCa anaerobe 5% 
sheep blood agar

Tryptic soy broth with phenyl-ethyl alcohol, 
5% sheep blood, and added nutrients yeast 
extract, vitamin K1, hemin, and cystine.

Improved growth of fastidious, obligate, slow-
growing anaerobes

Cefoperazone, vanco-
mycin, amphotericin 
(CVA) medium

Blood-supplemented enrichment medium 
containing cefoperazone, vancomycin, and 
amphotericin to inhibit growth of most gram-
negative bacteria, gram-positive bacteria, and 
yeast, respectively

Selective medium for isolation of Campylobacter 
spp.

Cefsulodin-irgasan-
novobiocin (CIN) agar

Peptone base with yeast extract, mannitol, and 
bile salts; supplemented with cefsulodin, 
irgasan, and novobiocin; neutral red and crystal 
violet indicators

Selective for Yersinia spp.; may be useful for isola-
tion of Aeromonas spp.

Chocolate agar Peptone base, enriched with solution of 2% 
hemoglobin or IsoVitaleX (BD BBLTM Becton 
Dickenson, Sparks MD)

Cultivation of fastidious microorganisms such as 
Haemophilus spp., Brucella spp., and patho-
genic Neisseria spp.

Chromogenic media Organism-speci�c nutrient base, selective supple-
ments, and chromogenic substrate

Designed to optimize growth and differentiate a 
speci�c type of organism; routinely used in the 
identi�cation of Acinetobacter, extended-spec-
trum � -lactamase and carbapenemase produc-
ing organisms, E. coli, Listeria monocytogenes, 
Enterococcus spp., Pseudomonas aeruginosa, 
Salmonella spp., shiga toxin-producing E. coli, 
E. coli O157-H7, group B streptococcus, Vibrio 
spp., Yersinia enterocolitica, yeasts, MRSA, and 
a variety of other organisms

Columbia colistin-nali-
dixic acid (CNA) agar

Columbia agar base with 10 mg colistin per liter, 
15 mg nalidixic acid per liter, and 5% sheep 
blood

Selective isolation of gram-positive cocci

Cystine-tellurite blood 
agar

Infusion agar base with 5% sheep blood; reduc-
tion of potassium tellurite by Corynebacte-
rium diphtheriae produces dark grey to black 
colonies

Isolation of Corynebacterium diphtheriae

Eosin methylene blue 
(EMB) agar (Levine)

Peptone base containing lactose; eosin Y and 
methylene blue as indicators

Isolation and differentiation of lactose-fermenting 
and non–lactose-fermenting enteric bacilli

Gram-negative broth 
(GN)

Peptone-base broth with glucose and mannitol; 
sodium citrate and sodium deoxycholate act as 
inhibitory agents

Selective (enrichment) liquid medium for enteric 
pathogens Salmonella and Shigella spp.

Hektoen enteric (HE) 
agar

Peptone-base agar with bile salts, lactose, 
sucrose, salicin, and ferric ammonium citrate; 
indicators include bromothymol blue and acid 
fuchsin

Differential, selective medium for the isolation and 
differentiation of Salmonella and Shigella spp. 
from other GN enteric bacilli

LIM broth Modi�cation of Todd-Hewitt broth; peptones, 
slats and dextrose with yeast extract for 
additional enrichment. Contains colistin and 
nalidixic acid to inhibit GN bacteria

Enriched, selective media for the isolation of culti-
vation of Streptococcus agalactiae.

Loef�er medium Dextrose, egg-and-beef serum, infusion from 
heart muscle and digest of animal tissue

Isolation and growth of Corynebacterium spp.

MacConkey agar Peptone base with lactose; gram-positive organ-
isms inhibited by crystal violet and bile salts; 
neutral red as indicator

Isolation and differentiation of lactose fermenting 
and non–lactose-fermenting enteric bacilli

TABLE 7
  �� Plating Media for Routine Bacteriology —cont’d

TABLE 
7.1 



97

Medium Components/Comments Primary Purpose

MacConkey sorbitol 
agar

A modi�cation of MacConkey agar in which lac-
tose has been replaced with D-sorbitol as the 
primary carbohydrate

For the selection and differentiation of E. coli 
O157:H7 in stool specimens

Mannitol salt agar Peptone base, mannitol, and phenol red indica-
tor; salt concentration of 7.5% inhibits most 
bacteria

Selective differentiation of staphylococci

New York City (NYC) 
agar

Peptone agar base with cornstarch, supple-
mented with yeast dialysate, 3% hemoglobin, 
and horse plasma; antibiotic supplement 
includes vancomycin (2 µg/mL), colistin (5.5 
µg/mL), amphotericin B (1.2 µg/mL), and trim-
ethoprim (3 µg/mL)

Isolation and cultivation of pathogenic Neisseria 
spp. also supports the growth of Ureaplasma 
urealyticum and some Mycoplasma spp.

Phenylethyl alcohol 
(PEA) agar with or 
without blood

Nutrient agar base; PEA inhibits growth of GN 
organisms.

May add moxalactam and lithium chloride for 
additional selection

Selective isolation of aerobic gram-positive cocci 
and bacilli and anaerobic gram-positive cocci. 
This agar should not be used for observation of 
hemolytic reactions.

Regan Lowe Charcoal agar supplemented with horse blood, 
cephalexin, and amphotericin B

Enrichment and selective medium for isolation of 
Bordetella pertussis and Bordetella parapertus-
sis.

Selenite broth Peptone-base broth; sodium selenite toxic for 
most Enterobacterales

Enrichment and isolation of Salmonella spp.

Skirrow agar Peptone and soy protein–base agar with lysed 
horse blood; vancomycin inhibits gram-positive 
organisms; polymyxin B and trimethoprim 
inhibit most GN organisms

Selective for Campylobacter spp.

Streptococcal selective 
agar (SSA)

Contains crystal violet, colistin, and trimethoprim-
sulfamethoxazole in 5% sheep blood agar base

Selective for Streptococcus pyogenes and Strep-
tococcus agalactiae

Tetrathionate broth Peptone-base broth; iodine and potassium 
iodide, bile salts, and sodium thiosulfate inhibit 
gram-positive organisms and Enterobacterales

Selective for Salmonella and Shigella spp., except 
Salmonella enterica Typhi and Arizona spp. from 
fecal and urine specimens.

Thayer-Martin agar (TM) 
(modi�ed Thayer 
Martin [MTM])

Blood agar base enriched with hemoglobin 
and supplement B; contaminating organisms 
inhibited by colistin, nystatin, vancomycin, and 
trimethoprim

Selective for N. gonorrhoeae and N. meningitidis.
Supports the growth of Francisella and Brucella 

spp.

Thioglycollate broth Pancreatic digest of casein, soy broth, and glu-
cose enrich growth of most microorganisms; 
includes reducing agents thioglycollate, cys-
tine, and sodium sul�te; semisolid medium with 
a low concentration of agar reducing oxygen 
diffusion in the medium

Supports growth of anaerobes, aerobes, micro-
aerophilic, and fastidious microorganisms

Thiosulfate citrate–bile 
salts (TCBS) agar

Peptone base agar with yeast extract, oxgall 
(bile), sodium cholate, citrate, sucrose, ferric 
citrate, and sodium thiosulfate; thymol blue and 
bromothymol blue act as indicators.

Selective and differential for Vibrio cholerae and 
Vibrio parahaemolyticus

Todd-Hewitt broth 
supplemented with 
antibiotics (LIM)

Supplemented with nalidixic acid and gentamicin 
or colistin for greater selectivity; thioglycollate 
and agar reduce redox potential.

Selection and enrichment for Streptococcus aga-
lactiae in female genital specimens

Trypticase soy broth 
(TSB)

All-purpose basal broth that can support the 
growth of many nonfastidious organisms or 
when supplemented with additional nutrients, it 
is used to cultivate fastidious microorganisms.

Basal back-up broth or enrichment broth used for 
subculturing various bacteria from primary agar 
plates

aMedia was originally formulated by the Centers for Disease Control or CDC.
CRE, Carbapenemase-resistant Enterobacterales; ESBL, extended spectrum beta-lactamase; UTI, urinary tract infection; VRE, vancomycin-resistant enterococci.

TABLE 7
  �� Plating Media for Routine Bacteriology —cont’d
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(alpha-hemolysis). Other bacteria have no e�ect on the 
red blood cells, and no halo is produced around the colony 
(gamma-hemolysis or nonhemolytic). Microbiologists often 
use colony morphology and the degree or absence of hemo-
lysis as criteria for determining what additional steps will be 
�O�F�D�F�T�T�B�S�Z �G�P�S �J�E�F�O�U�J�ë�D�B�U�J�P�O �P�G �B �C�B�D�U�F�S�J�B�M �J�T�P�M�B�U�F�� �5�P �S�F�B�E �U�I�F 
hemolytic reaction on a BA plate accurately, the technologist 
must hold the plate up to the light and observe the plate with 
the light coming from behind (i.e., transmitted light).

Hemolysis, similar to lactose fermentation, relies on the 
production of an extracellular enzyme resulting in the lysis 
or partial lysis of the red blood cells. Variations in the pro-
duction of the hemolysins or extracellular enzymes by the 
organisms may result in a di�erent hemolytic pattern than 
is expected based on initial Gram stain and growth charac-
teristics. It is important for the microbiologist to carefully 
consider the organism identi�cation in conjunction with 
additional growth characteristics and biochemical reactions.�

Brain-Heart Infusion
Brain-heart infusion (BHI) is a nutritionally rich medium 
used to grow fastidious and nonfastidious microorganisms, 
either as a broth or as an agar, with or without added blood. 
Key ingredients include infusion from several animal tissue 
sources, added peptone (protein), phosphate bu�er, and 
a small concentration of dextrose. �e carbohydrate pro-
vides a readily accessible source of energy for many bacte-
ria. BHI broth is often used as a major component of the 
media developed for culturing a patient’s blood for bacteria 
(Chapter 67), for establishing bacterial identi�cation, and 
for certain tests to determine bacterial susceptibility to anti-
microbial agents (Chapter 10).�

Chocolate Agar
Chocolate agar is an enriched agar that is essentially the same 
as BA except that during preparation the red blood cells are 
lysed when added to molten agar base. �e cell lysis provides 
for the release of intracellular nutrients such as heme, hemin 
(“X” factor),  into the agar for utilization by fastidious bacte-
ria. Red blood cell lysis gives the medium the chocolate-brown 
color from which the agar gets its name. �e most common 
bacterial pathogens that require this enriched medium for 
growth include Neisseria gonorrhoeae, the causative agent of 
gonorrhea, and Haemophilus in�uenzae, which cause infec-
tions usually involving the respiratory tract and middle ear. 
Neither of these organisms are able to grow on sheep BA.�

Columbia Colistin-Nalidixic Acid With Blood
Columbia agar base is a nutritionally rich formula con-
taining three peptone sources and 5% de�brinated (whole 
blood with �brin removed to prevent clotting) sheep blood. 
�is supportive medium can also be used to help di�eren-
tiate bacterial colonies based on the hemolytic reactions 
they produce. Columbia colistin-nalidixic acid (CNA) 
refers to the antibiotics colistin (C) and NA that are added 
to the medium to suppress the growth of most GN organ-
isms while allowing gram-positive bacteria to grow, thus 

conferring a selective property to this medium. Colistin dis-
rupts the cell membranes of GN organisms, and nalidixic 
aid blocks DNA replication in susceptible organisms.�

Eosin Methylene Blue Agar, Levine
Eosin methylene blue agar (EMB) is used as a primary selec-
tive and di�erential agar. �is medium contains eosin Y and 
methylene blue dye to inhibit the growth of gram-positive 
bacteria and allows many types of GN bacilli to grow. Bacte-
rial fermentation of lactose appears as dark purple to black, 
or with a green metallic sheen. Non–lactose-fermenters, such 
as Shigella spp., remain colorless and translucent. Fermenta-
tion of lactose is a biochemical property of microorganisms. 
�e di�erentiation of microorganisms on EMB relies on the 
expression of the pathway for the fermentation of lactose. 
Some organisms are considered slow fermenters and may 
not demonstrate a positive fermentation reaction in the �rst 
24 hours of growth. Interpretation of this media may be 
�E�J�ï�D�V�M�U �U�P �U�I�F �V�O�U�S�B�J�O�F�E �N�J�D�S�P�C�J�P�M�P�H�J�T�U�� �h�J�T �J�T �E�V�F �U�P �U�I�F 
subtle di�erence in color change in slow lactose fermenters 
in comparison to the color of the media. Caution should be 
used in the application and interpretation of this reaction 
when characterizing microorganisms for identi�cation.�

Gram-Negative Broth
A selective broth, GN broth is used for the cultivation of 
gastrointestinal pathogens (i.e., Salmonella spp. and Shigella 
spp.) from stool specimens and rectal swabs. �e broth con-
tains several active ingredients, including sodium citrate and 
sodium deoxycholate (a bile salt) that inhibit gram-positive 
organisms and the early multiplication of GN, nonenteric 
pathogens. �e broth also contains mannitol as the primary 
carbon source. Mannitol is the favored energy source for 
many enteric pathogens, but it is not widely used by other 
�O�P�O�Q�B�U�I�P�H�F�O�J�D �F�O�U�F�S�J�D �P�S�H�B�O�J�T�N�T�� �5�P �P�Q�U�J�N�J�[�F �J�U�T �T�F�M�F�D-
tive nature, GN broth should be subcultured 6 to 8 hours 
after initial inoculation and incubation. After this time, the 
nonenteric pathogens begin to overgrow the pathogens that 
may be present in very low numbers.�

Hektoen Enteric Agar
Hektoen enteric (HE) agar contains bile salts and dyes (bro-
mothymol blue and acid fuchsin) to selectively slow the 
growth of most nonpathogenic GN bacilli found in the gas-
trointestinal tract while allowing Salmonella spp. and Shigella 
spp. to grow. �e medium is also di�erential, because many 
nonenteric pathogens that do grow will appear as orange to 
salmon-colored colonies. �is colonial appearance results 
from the organism’s ability to ferment the lactose, sucrose, 
or salicin in the medium, resulting in the production of acid, 
which lowers the medium’s pH and causes a color change in 
the pH indicator bromothymol blue. Salmonella spp. and 
Shigella spp. do not ferment these carbon compounds, so no 
color change occurs, and their colonies maintain the original 
blue-green color of the medium. As an additional di�erential 
characteristic, the medium contains ferric ammonium citrate, 
an indicator for the detection of H2S; so that H2S-producing 
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organisms, such as Salmonella spp., can be visualized as colo-
nies exhibiting a black precipitate (Fig. 7.6).�

MacConkey Agar
MAC is frequently used as the primary selective and di�er
ential agar for the isolation and di�erentiation of GN bacilli. 
�is medium contains crystal violet dye to inhibit the growth 
of gram-positive bacteria and fungi. �e pH indicator, neu-
tral red, provides this medium with a di�erential capacity. 
Bacterial fermentation of lactose results in acid production, 
which decreases the pH of the medium and causes the neu-
tral red indicator to give bacterial colonies a pink to red 
color. Non–lactose-fermenters, such as Shigella spp., remain 
colorless and translucent (Fig. 7.4). Caution should be used 
in the application and interpretation of this reaction when 
characterizing microorganisms for identi�cation.�

Phenylethyl Alcohol Agar
Phenylethyl alcohol (PEA) agar is essentially sheep BA 
that is supplemented with PEA to inhibit the growth of GN 
bacteria. �e 5% sheep blood in PEA provides nutrients 
for common gram-positive cocci such as enterococci, strepto-
cocci, and staphylococci (Fig. 7.3). Although it contains sheep 
blood, PEA agar should not be used in the interpretation of 
hemolytic reactions.�

Modi�ed Thayer-Martin Agar
Modi�ed �ayer-Martin (MTM) agar  is an enrichment 
and selective medium for the isolation of N. gonorrhoeae, the 
causative agent of gonorrhea, and Neisseria meningitidis, a life-
threatening cause of meningitis from specimens containing 
mixed microbiota. �e enrichment portion of the medium 
includes peptone starch, amino acids, glucose, nucleotides, 
and the chocolatized blood, and the addition of antibiotics 
provides a selective capacity. �e glucose and agar concentra-
tions are lower than the original �ayer-Martin agar, which 
improves growth of the fastidious organisms. �e antibiotic 
trimethoprim is added to inhibit Proteus spp., which tend 
to swarm over the agar surface and mask the detection of 

individual colonies of the pathogenic Neisseria spp. Addi-
tional antibiotics may be included in other formulas including 
colistin to inhibit other GN bacteria, vancomycin to inhibit 
gram-positive bacteria, and nystatin to inhibit yeast. A further 
modi�cation, Martin-Lewis agar, substitutes ansamycin for 
nystatin and has a higher concentration of vancomycin.�

Thioglycollate Broth
�ioglycollate broth  is the back-up broth or semisolid 
media most frequently used in diagnostic bacteriology. �e 
broth contains many nutrient factors, including casein, 
yeast and beef extracts, and vitamins, to permit the growth 
of most medically important bacteria. Other nutrient sup-
plements, an oxidation-reduction indicator (resazurin), dex-
trose, vitamin K1, and hemin have been used to modify the 
basic thioglycollate formula. In addition, this medium con-
tains 0.075% agar to prevent convection currents from car-
rying atmospheric oxygen throughout the broth. �is agar 
supplement and the presence of thioglycolic acid, which 
acts as a reducing agent to create an anaerobic environment 
deeper in the tube, allow anaerobic bacteria to grow.

GN facultatively anaerobic bacilli (i.e., those that can 
grow in the presence or absence of oxygen) generally pro-
duce di�use, even growth throughout the broth, whereas 
gram-positive cocci demonstrate �occulation or clumps. 
Strict aerobic bacteria (i.e., require oxygen for growth), such 
as Pseudomonas spp., tend to grow toward the surface of the 
broth, whereas strict anaerobic bacteria (i.e., those that can-
not grow in the presence of oxygen) grow at the bottom of 
the broth (Fig. 7.7). Although the medium provides a means 
to potentially identify atmospheric growth conditions, 

A B C D

�t Fig. �.�   Growth characteristics of various bacteria in thioglycollate 
broth. (A) Facultatively anaerobic gram-negative bacilli (i.e., those that 
grow in the presence or absence of oxygen) grow throughout the broth. 
(B) Gram-positive cocci exhibit �occulation. (C) Strictly aerobic organ-
isms (i.e., those that require oxygen for growth), such as Pseudomonas 
aeruginosa, grow toward the top of the broth. (D) Strictly anaerobic 
organisms (i.e., those that do not grow in the presence of oxygen) grow 
in the bottom of the broth.

B

A

�t Fig. �.�   Differential capabilities of Hektoen enteric agar for lactose-
fermenting, gram-negative bacilli (e.g., Escherichia coli, arrow A) and 
H2S producers (e.g., Salmonella spp., arrow B).
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this property is not typically reportable, and therefore the 
medium is not considered a di�erential medium in the clin-
ical laboratory.�

Xylose-Lysine-Deoxycholate Agar
As with HE agar, xylose-lysine-deoxycholate (XLD) agar 
is selective and di�erential for Shigella spp. and Salmonella 
spp. �e salt, sodium deoxycholate, inhibits many GN 
bacilli that are not enteric pathogens and inhibits gram-
positive organisms. A phenol red indicator in the medium 
detects increased acidity from carbohydrate (i.e., lactose, 
xylose, and sucrose) fermentation. Enteric pathogens, such 
as Shigella spp., do not ferment these carbohydrates, so their 
colonies remain colorless (i.e., the same approximate pink to 
red color of the uninoculated medium). Even though they 
often ferment xylose, colonies of Salmonella spp. are also 
colorless on XLD because of the decarboxylation of lysine, 
which results in a pH increase that causes the pH indica-
tor to turn red. �ese colonies often exhibit a black center 
that results from Salmonella spp. producing H2S. Several 
nonpathogenic microorganisms ferment one or more of the 
sugars and produce yellow colonies (Fig. 7.8).�

Preparation of Artificial Media
Nearly all media are commercially available as ready-to-use 
agar plates or tubes of broth. If media are not purchased, 
laboratory personnel can prepare agars and broths using 
dehydrated powders that are reconstituted in water (distilled 
or deionized) according to the manufacturers’ recommen-
dations. Generally, media are reconstituted by dissolving a 
speci�ed amount of media powder, which usually contains 
all necessary components, in water. Boiling is often required 
to dissolve the powder, but speci�c manufacturers’ instruc-
tions printed in media package inserts should be followed 
exactly. �e pH of the media may be adjusted prior to ster-
ilization or after with sterile acid or base solutions based 
on the formula of the media. Most media require steriliza-
tion so that only bacteria from patient specimens will grow 
and not contaminants from water or the powdered media. 
Broth media are distributed to individual tubes before ster-
ilization. Agar media are usually sterilized in large �asks or 
bottles capped with either plastic screw caps or plugs before 
being placed in an autoclave.

Media Sterilization
�e timing of autoclave sterilization should start from 
the moment the temperature reaches 121°C and usually 
requires a minimum of 15 minutes. Once the sterilization 
cycle is completed, molten agar is allowed to cool to approx-
imately 50°C before being distributed to individual petri 
plates (� 20 to 25 mL of molten agar per plate). If other 
ingredients are to be added (e.g., supplements such as sheep 
blood or speci�c vitamins, nutrients, or antibiotics), they 
should be incorporated when the molten agar has cooled, 
just before distribution to plates.

Delicate media components that cannot withstand steam 
sterilization by autoclaving (e.g., serum, certain carbohydrate 

solutions, certain antibiotics, and other heat-labile substances) 
can be sterilized at lower temperatures (116°C to 118°C) or 
by membrane �ltration to prevent decomposition or the for-
mation of toxic compounds that would interfere with growth 
of the microorganisms. Passage of solutions through mem-
brane �lters with pores ranging in size from 0.2 to 0.45 µm in 
diameter will not remove viruses but does e�ectively remove 
most bacterial and fungal contaminants. Finally, all media, 
whether purchased or prepared, must be subjected to strin-
gent quality control (for more information regarding quality 
control see Chapter 77).�

Cell Cultures
Although most bacteria grow readily on arti�cial media, 
certain pathogens require factors provided by living cells. 
�ese bacteria are obligate intracellular parasites that require 
viable host cells for propagation. Although all viruses are 
obligate intracellular parasites, chlamydiae, rickettsiae, 
and rickettsiae-like organisms are bacterial pathogens that 
require living cells for cultivation.

�e cultures for growth of these bacteria comprise layers 
of living cells growing on the surface of a solid matrix such as 
the inside of a glass tube or the bottom of a plastic �ask. �e 
presence of bacterial pathogens within the cultured cells is 
detected by speci�c changes in the cells’ morphology. Alterna-
tively, nucleic acid detection or detection using speci�c stains 
composed of antibody conjugates may be used to detect bac-
teria within the cells. Cell cultures may also detect certain 
bacterial toxins (e.g., Clostridioses di�cile cytotoxin). Cell cul-
ture maintenance and inoculation is addressed in Chapter 65.�

Environmental Requirements

Optimizing the environmental conditions to support the 
most robust growth of clinically relevant bacteria is as 
important as meeting the organisms’ nutritional needs for 
in� vitro cultivation. �e four most critical environmental 
factors to consider include the percentage of oxygen and 

B

A

C

�t Fig. �.�   Differential capabilities of xylose-lysine-deoxycholate agar for 
lactose-fermenting, gram-negative bacilli (e.g., Escherichia coli, arrow 
A), non–lactose-fermenters (e.g., Shigella spp., arrow B), and H2S pro-
ducers (e.g., Salmonella spp., arrow C).
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carbon dioxide (CO2), temperature, pH, and moisture con-
tent of the medium.

Oxygen and Carbon Dioxide Concentration
Most clinically relevant bacteria are aerobic, facultatively anaer-
obic, or strictly anaerobic. Aerobic bacteria use oxygen as a ter-
minal electron acceptor and grow well in ambient air. Most 
clinically signi�cant aerobic organisms are actually facultatively 
anaerobic, being able to grow in the presence (i.e., aerobically) 
or absence (i.e., anaerobically) of oxygen. However, some bac-
teria, such as Pseudomonas spp., members of the Neisseriaceae 
family, Brucella spp., Bordetella spp., and Francisella spp., are 
strictly aerobic and cannot grow in the absence of oxygen. 
Other aerobic bacteria require low levels of oxygen (� 20% or 
less) and are referred to as being microaerophilic. Anaerobic 
bacteria are unable to use oxygen as an electron acceptor, but 
some aerotolerant strains do not use the oxygen but will grow 
slowly and poorly in the presence of oxygen. Oxygen is inhibi-
tory or lethal for strictly anaerobic bacteria.

In addition to oxygen, the availability of CO2 is impor-
tant for growth of certain bacteria. Organisms that grow 
best with higher CO2 concentrations (i.e., reduced oxygen 
� 15% and 5% to 10% CO2) than is provided in ambient 
air are considered capnophilic.�

Temperature
Bacterial pathogens generally multiply best at temperatures 
similar to those of internal human host tissues and organs. 
Cultivation of most medically relevant bacteria use incu-
bators with temperatures maintained at 35°C to 37°C. An 
incubation temperature of 30°C (i.e., the approximate tem-
perature of the body’s surface), on the other hand, may be 
preferable for fungal organisms and some bacteria.

Recovery of certain organisms can be enhanced by incu-
bation at other temperatures. For example, the gastrointes-
tinal pathogen Campylobacter jejuni is able to grow at 42°C. 
Incubation at this temperature is used as a temperature 
enrichment procedure. Other bacteria, such as Listeria 
monocytogenes and Yersinia enterocolitica, are able to grow 
at 4°C to 43°C but grow optimally between 20° and 40°C. 
Cold enrichment has been used to enhance the recovery of 
these organisms in the laboratory.�

pH
�e pH scale is a measure of the hydrogen ion concentration 
in the environment, with a pH value of 7.0 being neutral. 
Values less than 7 indicate the environment is acidic; values 
greater than 7 indicate alkaline conditions. Most clinically 
relevant bacteria prefer a near-neutral pH range, from 6.5 
to 7.5. Commercially prepared media are bu�ered in this 
range, and checking the pH is rarely necessary.�

Moisture
Water is provided as a major constituent of both agar and 
broth media. However, when media are incubated at the 
temperatures used for bacterial cultivation, a large portion of 
water content can be lost by evaporation. Loss of water from 

media can be deleterious to bacterial growth in two ways: (1) 
less water is available for essential bacterial metabolic path-
ways and (2) with a loss of water, there is a relative increase 
in the solute concentration of the media. An increased sol-
ute concentration can osmotically shock the bacterial cell 
and cause lysis. In addition, increased atmospheric humid-
ity enhances the growth of certain bacterial species. For these 
reasons, measures such as sealing agar plates or using humidi-
�ed incubators (� 70%) ensure appropriate moisture levels are 
maintained throughout the incubation period.�

Methods for Providing Optimal Incubation 
Conditions
Incubators provide the environmental conditions required 
for cultivating microorganisms. �e conditions of incuba-
tors can be altered to accommodate di�erent types of organ-
isms. �is section focuses on the incubation of routine 
bacteriology cultures. Conditions for growing anaerobic 
bacteria (Part III, Section 13), mycobacteria (Part III, Sec-
tion 14), fungi (Chapter 58), and viruses (Chapter 64) are 
covered in other areas of the text.

Once inoculated with patient specimens, most media are 
placed in incubators with temperatures maintained between 
35°C and 37°C and humidi�ed atmospheres that contain 
5% to 10% CO2. Some media that contain pH indica-
tors cannot be placed in CO2 incubators. �e presence of 
CO2 will acidify the media, causing the pH indicator to 
change color and thereby disrupt the di�erential properties 
of the media (e.g., HE agar and MAC). Incubators contain-
ing room air may be used for some media, but the lack of 
increased CO2 may hinder the growth of certain bacteria.

Various atmosphere-generating systems are commercially 
available and are used instead of CO2-generating incuba-
tors. For example, a self-contained culture medium and a 
compact CO2-generating system can be used for cultur-
ing fastidious organisms such as N. gonorrhoeae. A tablet 
of sodium bicarbonate is dissolved by the moisture created 
�X�J�U�I�J�O �B�O �B�J�S�U�J�H�I�U �Q�M�B�T�U�J�D �C�B�H �B�O�E �S�F�M�F�B�T�F�T �T�V�ï�D�J�F�O�U �$�02 to 
support growth of the pathogen.

Finally, the duration of incubation required for obtain-
ing good bacterial growth depends on the organisms being 
cultured. Most bacteria encountered in routine bacteriology 
will grow within 24 to 48 hours. Certain anaerobic bacteria 
may require longer incubation, and mycobacteria frequently 
take weeks before detectable growth occurs.�

Bacterial Cultivation

�e process of bacterial cultivation involves the use of opti-
mal arti�cial media and incubation conditions to isolate 
and identify the bacterial etiologies of an infection as rapidly 
and as accurately as possible.

Isolation of Bacteria From Specimens

�e cultivation of bacteria from infections at various body 
sites is accomplished by inoculating processed specimens 
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directly onto arti�cial media. Representative media are 
summarized in �5�B�C�M�F ������. Incubation conditions are selected 
for their ability to support the growth of the bacteria most 
likely to be involved in the infectious process.

�5�P �F�O�I�B�O�D�F �U�I�F �H�S�P�X�U�I�
 �J�T�P�M�B�U�J�P�O�
 �B�O�E �T�F�M�F�D�U�J�P�O �P�G �F�U�J�P-
logic agents, specimen inocula are usually spread over the 
surface of plates in a standard pattern so that individual bac-
terial colonies are obtained, and semiquantitative analysis 
can be performed. A standardized semiquantitative streak-
ing technique is illustrated in Fig. 7.9. Using this method, 
the relative numbers of organisms in the original specimen 
can be estimated based on the growth of colonies past the 
�P�S�J�H�J�O�B�M �B�S�F�B �P�G �J�O�P�D�V�M�B�U�J�P�O�� �5�P �F�O�I�B�O�D�F �J�T�P�M�B�U�J�P�O �P�G �C�B�D-
terial colonies, the loop should be �amed for sterilization 
between the streaking of each subsequent quadrant.

Streaking plates inoculated with a measured amount of 
specimen, such as when a calibrated loop is used to quantify 
colony-forming units (CFUs) in urine cultures, is accom-
plished by spreading the inoculum down the center of the 
plate. Without �aming the loop, the plate is then streaked 
side to side across the initial inoculum to evenly distribute 
the growth on the plate (Fig. 7.10). �is facilitates counting 
colonies by ensuring that individual bacterial cells will be 
�X�F�M�M �E�J�T�Q�F�S�T�F�E �P�W�F�S �U�I�F �B�H�B�S �T�V�S�G�B�D�F�� �5�Z�Q�J�D�B�M�M�Z�
 �B �D�B�M�J�C�S�B�U�F�E 
loop of 1 µL is used for urine cultures. However, if a lower 
count of bacteria may be present, such as a suprapubic aspi-
ration, a 10 µL loop may be needed to identify the lower 
count of organisms. �e number of colonies identi�ed 
on the plate is multiplied by the dilution factor to deter-
mine the number of CFUs per millimeter in the original 
specimen (103 for a 1 µL loop and 102 for a 10 µL loop). 
In addition, to standardize the interpretation of colony 
count, laboratories should have guidelines for the report-
ing of organisms based on the number and types of organ-
isms present. A sample standardized method is outlined in 
Evolve Procedure 73.1.

In addition to manual streaking, automated instru-
mentation is available that provides a standardized speci-
men processing and media inoculation. �e specimen 
is associated with the liquid phase or more accurately 
�S�F�M�F�B�T�F�E �G�S�P�N �U�I�F �T�X�B�C �J�O�U�P �U�I�F �U�S�B�O�T�Q�P�S�U �N�F�E�J�B �F�ï-
ciently. �e liquid-based specimen enables an automated 
system to retrieve the sample, inoculate a microscope 
�T�M�J�E�F �P�S �B �T�N�F�B�S�
 �B�O�E �J�O�P�D�V�M�B�U�F �B �W�B�S�J�F�U�Z �P�G �N�F�E�J�B �F�ï-
ciently and e�ectively.�

Evaluation of Colony Morphologies

�e initial evaluation of colony morphologies on the 
primary plating media is extremely important. Labora-
torians can provide physicians with early preliminary 
information regarding the patient’s culture results. �is 
information is also important for deciding how to pro-
ceed for de�nitive organism identi�cation and charac-
terization. Initial interpretation of the primary culture 
growth on selective, di�erential, or enriched media pro-
vides critical results to ensure rapid and proper treatment 

of the patient. �e initial interpretation of the speci-
men cultivation, or primary plate reading, is used to 
correlate the growth of the organism on a variety of 
media in conjunction with the direct Gram stain results 
when included in the initial set-up of the specimen in 
the microbiology laboratory. For example, a sputum 
sample previously reported on a DGS as gram-positive 
diplococci in the presence of many polymorphonuclear 
cells (PMNs) should demonstrate growth on sheep BA 
as alpha-hemolytic, translucent, umbilicate colonies that 
also grow on chocolate agar but fail to grow on MAC, 
which is inhibitory to gram-positive organisms. A skilled 
microbiologist should recognize this as the characteris-
tic presentation of Streptococcus pneumoniae, a common 
pathogen associated with bacterial pneumonia.

Type of Media Supporting Bacterial Growth
As previously discussed, di�erent media are used to recover 
particular bacterial pathogens. In other words, the media 
selected for growth is a clue to the type of organism iso-
lated (e.g., growth on MAC indicates the organism is most 
likely a GN bacillus). Yeast and some gram-positive cocci are 
capable of limited growth on MAC. �e incubation condi-
tions that support growth may also be a preliminary indica-
tor of which bacteria have been isolated (e.g., aerobic versus 
anaerobic bacteria).�

Relative Quantities of Each Colony Type
�e predominance of a bacterial isolate is often used as 
one of the criteria, along with direct smear results, organ-
ism virulence, and the body site from which the culture 
was obtained, for establishing the organism’s clinical sig-
ni�cance. Several methods are used for semiquantitation 
of bacterial quantities, including many, moderate, few, 
or a numerical designation (4+, 3+, 2+, 1+) based on the 
number of colonies identi�ed in each streak area (�5�B�C�M�F 
7.2).�

Colony Characteristics
Noting key features of a bacterial colony is important for 
any bacterial identi�cation; success or failure of subsequent 
identi�cation procedures often depends on the accuracy 
of these observations. Criteria frequently used to charac-
terize bacterial growth (colony morphology) include the 
following:
���t����$�P�M�P�O�Z �T�J�[�F �	�V�T�V�B�M�M�Z �N�F�B�T�V�S�F�E �J�O �N�J�M�M�J�N�F�U�F�S�T �P�S �E�F�T�D�S�J�C�F�E 

in relative terms such as <1 mm, pinpoint; 1 to 2 mm, 
small; 2 to 3 mm, medium; >3 mm, large)

���t����$�P�M�P�O�Z �Q�J�H�N�F�O�U�B�U�J�P�O �	�F���H���
 �X�I�J�U�F�
 �C�V�ê�
 �Z�F�M�M�P�X�

���t����$�P�M�P�O�Z �T�I�B�Q�F �	�J�O�D�M�V�E�F�T �G�P�S�N�
 �F�M�F�W�B�U�J�P�O�
 �B�O�E �N�B�S�H�J�O �P�G 

the colony [Fig. 7.11])
���t����$�P�M�P�O�Z �E�F�O�T�J�U�Z �P�S �P�Q�B�D�J�U�Z �	�F���H���
 �U�S�B�O�T�Q�B�S�F�O�U�‰�D�M�F�B�S�
 

�U�S�B�O�T�M�V�D�F�O�U�‰�O�F�B�S�M�Z �D�M�F�B�S�
 �G�S�P�T�U�F�E �B�Q�Q�F�B�S�B�O�D�F�
 �J�S�J�E�F�T-
�D�F�O�U�‰�D�I�B�O�H�F�T �D�P�M�P�S �X�I�F�O �M�J�H�I�U �J�T �S�F�ì�F�D�U�F�E �B�T �U�I�F �Q�M�B�U�F �J�T 
tipped or moved)

���t����$�P�M�P�O�Z �T�V�S�G�B�D�F �U�F�Y�U�V�S�F�� �T�N�P�P�U�I�
 �H�M�J�T�U�F�O�J�O�H �	�T�I�J�O�Z�
�
 �S�P�V�H�I 
(dull)
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Bacteriologic
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�t Fig. �.�   Dilution streak technique for isolation and semiquantitation of bacterial colonies. (A) Actual plates 
show sparse, or 1+, bacterial growth that is limited to the �rst quadrant. (B) Moderate, or 2+, bacterial 
growth that extends to the second quadrant. (C) Heavy, or 3+ to 4+, bacterial growth that extends to the 
fourth quadrant.
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���t����$�P�M�P�O�Z �D�P�O�T�J�T�U�F�O�D�Z�� �C�V�U�Z�S�P�V�T �	�C�V�U�U�F�S�Z�
�
 �G�S�J�B�C�M�F �	�C�S�J�U�U�M�F 
and breaks apart), viscous (sticks to the loop), mucoid 
(slimy and strings from the loop)

���t����$�I�B�O�H�F�T �J�O �B�H�B�S �N�F�E�J�B �S�F�T�V�M�U�J�O�H �G�S�P�N �C�B�D�U�F�S�J�B�M �H�S�P�X�U�I �	�F���H���
 
hemolytic pattern on BA, changes in color of pH indicators, 
pitting of the agar surface; Figs. 7.3 through 7.8)
Odor is not typically considered a reportable colonial 

morphologic feature. However, some organisms produce 
distinct odors. It is important to note that smelling colo-
nies of unknown organisms is not recommended, to avoid 
potential laboratory-acquired respiratory infections. In 
addition, pigmentation may not be clearly visible on the 
culture media. �5�P �D�M�F�B�S�M�Z �W�J�T�V�B�M�J�[�F �Q�J�H�N�F�O�U�B�U�J�P�O�
 �B �T�U�F�S�J�M�F 
�X�I�J�U�F �T�X�B�C �N�B�Z �C�F �V�T�F�E�� �5�B�L�F �U�I�F �T�X�B�C �B�O�E �Q�J�D�L �V�Q �B �T�N�B�M�M 
amount of the colony to determine the pigmentation. �is 
allows the microbiologist to visualize the actual pigment of 
the colony and not a re�ection of color from the base of the 
agar media.

Many of these criteria are somewhat subjective, and the 
adjectives and descriptive terms used may vary among dif-
ferent laboratories. Regardless of the terminology used, 
laboratory protocol for bacterial identi�cation begins with 
agreed-upon colony description of the commonly encoun-
tered pathogens.

Although careful determination of colony appearance is 
important, it is unwise to place total con�dence on colony 
morphology for preliminary identi�cation. Bacteria of one 
species may exhibit colony characteristics that are indistin-
guishable from those of many other species. In addition, 
bacteria of the same species exhibit morphologic diversity. 
For example, certain colony characteristics may be typical of 
a given species, but di�erent strains of that species may have 
di�erent morphologies.�

Indirect Gram Stain and Subcultures
Isolation of individual colonies during cultivation is impor-
tant for examining morphologies and characteristics and 
necessary for timely performance of indirect Gram stains 
and subcultures.

�e Gram stain and microscopic evaluation of cultured 
bacteria are used along with colony morphology to decide 
�X�I�J�D�I �J�E�F�O�U�J�ë�D�B�U�J�P�O �T�U�F�Q�T �B�S�F �O�F�F�E�F�E�� �5�P �Q�S�F�W�F�O�U �D�P�O�G�V�T�J�P�O�
 
organisms from a single colony are stained. In other cases, 
staining may not be necessary, because growth on a particu-
lar selective agar provides dependable evidence of the organ-
ism’s Gram stain morphology (e.g., GN bacilli essentially 
are the only clinically relevant bacteria that grow well on 
MAC).

Liquid
specimen

of inoculum

Streak
pattern

BA

�t Fig. �.��   (A) Streaking pattern using a calibrated loop for enumeration of bacterial colonies grown from a 
liquid specimen such as urine. (B) An actual plate shows well-isolated and dispersed bacterial colonies for 
enumeration obtained with the calibrated loop streaking technique.

  � Semiquantitation Grading Procedure for Bacterial Isolates on Growth Media

Number of Colonies Visible in Each Quadrant

Score 1 (Initial Quadrant) 2 3 4

1+ Less than 10

2+ Less than 10 Less than 10

3+ Greater than 10 Greater than 10 Less than 10

4+ Greater than 10 Greater than 10 Greater than 10 Greater than 5

Note: This is a general guideline. Individual laboratories may vary in the methods used for quantitation.

TABLE 
7.2 
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After characterization of growth on primary plating 
media, all subsequent procedures for de�nitive identi�ca-
tion require the use of pure cultures (i.e., cultures contain-
�J�O�H �P�O�F �T�U�S�B�J�O �P�G �B �T�J�O�H�M�F �T�Q�F�D�J�F�T�
�� �*�G �T�V�ï�D�J�F�O�U �J�O�P�D�V�M�B �G�P�S 
testing can be obtained from the primary media, a subcul-
ture is not necessary, except as a precaution to obtain more 
of the etiologic agent if needed and to ensure that a pure 
inoculum has been used for subsequent tests (i.e., a “purity” 
check). However, frequently the primary media do not yield 
�T�V�ï�D�J�F�O�U �B�N�P�V�O�U�T �P�G �C�B�D�U�F�S�J�B �J�O �Q�V�S�F �D�V�M�U�V�S�F �B�O�E �B �T�V�C�D�V�M-
ture step is required (Fig. 7.12).

Using a sterile loop, a portion of an isolated colony is 
taken and transferred to the surface of a suitable enrichment 
medium and incubated under conditions optimal for the 
organism. When making transfers for subculture, it is ben-
e�cial to �ame the inoculating loop between streaks to each 
area on the agar surface. �is prevents over-inoculation of 

the subculture media and ensures individual colonies will 
�C�F �P�C�U�B�J�O�F�E�� �0�O�D�F �B �Q�V�S�F �D�V�M�U�V�S�F �J�T �B�W�B�J�M�B�C�M�F �J�O �B �T�V�ï�D�J�F�O�U 
amount, an inoculum for subsequent identi�cation proce-
dures can be prepared.�

Principles of Identification

Microbiologists use various methods to identify organisms 
cultivated from patient specimens. Although many of the 
principles and issues associated with bacterial identi�cation 
discussed in this chapter are generally applicable to most 
clinically relevant bacteria, speci�c information regarding 
particular organism groups is covered in the appropriate 
chapters in Part III.

�e importance of accurate bacterial identi�cation can-
not be overstated and is central to diagnostic bacteriology 
issues, including the following:
���t����%�F�U�F�S�N�J�O�J�O�H �U�I�F �D�M�J�O�J�D�B�M �T�J�H�O�J�ë�D�B�O�D�F �P�G �B �Q�B�S�U�J�D�V�M�B�S 

pathogen (e.g., is the isolate a pathogen, a contaminant, 
or normal microbiota.)

���t����(�V�J�E�J�O�H �Q�I�Z�T�J�D�J�B�O �D�B�S�F �P�G �U�I�F �Q�B�U�J�F�O�U �U�I�S�P�V�H�I �Q�S�F�T�V�N�Q-
tive and �nal identi�cation methods

���t����%�F�U�F�S�N�J�O�J�O�H �X�I�F�U�I�F�S �M�B�C�P�S�B�U�P�S�Z �U�F�T�U�J�O�H �G�P�S �E�F�U�F�D�U�J�P�O �P�G 
antimicrobial resistance is warranted

���t����%�F�U�F�S�N�J�O�J�O�H �U�I�F �U�Z�Q�F �P�G �B�O�U�J�N�J�D�S�P�C�J�B�M �U�I�F�S�B�Q�Z �U�I�B�U �J�T 
appropriate

���t����%�F�U�F�S�N�J�O�J�O�H �X�I�F�U�I�F�S �U�I�F �B�O�U�J�N�J�D�S�P�C�J�B�M �T�V�T�D�F�Q�U�J�C�J�M�J�U�Z 
pro�les are unusual or aberrant for a particular bacterial 
species

���t����%�F�U�F�S�N�J�O�J�O�H �X�I�F�U�I�F�S �U�I�F �J�O�G�F�D�U�J�O�H �P�S�H�B�O�J�T�N �J�T �B �S�J�T�L �G�P�S 
other patients in the hospital, the public, or laboratory 
workers (i.e., is the organism one that may pose prob-
lems for infection control, public health, or laboratory 
safety?)

���t����$�P�M�M�F�D�U�J�O�H �F�Q�J�E�F�N�J�P�M�P�H�J�D �E�B�U�B �U�P �N�P�O�J�U�P�S �U�I�F �D�P�O�U�S�P�M 
and transmission of organisms
�e identi�cation of a bacterial isolate requires analysis 

of information gathered from laboratory tests that provide 
characteristic pro�les of bacteria. �e tests and the order in 
which they are used for organism identi�cation are an iden-
ti�cation scheme or workup of the organism. Identi�ca-
tion schemes can be classi�ed into one of two categories: (1) 
those based on genotypic characteristics of bacteria and (2) 
those based on phenotypic characteristics. Certain schemes 
rely on both genotypic and phenotypic characteristics. In 
addition, some tests, such as the Gram stain, are an integral 
part of many schemes used for identifying a wide variety of 
bacteria, whereas other tests may only be used in the identi-
�cation scheme for a single species.

Organism Identification Using Genotypic 
Criteria

Genotypic identi�cation methods involve character-
ization of some portion of a bacterium’s genome using 
molecular methods for DNA or RNA analysis. �is usu-
ally involves detecting the presence of a gene, or a part 
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�t Fig. �.��   Colony morphologic features and descriptive terms for com-
monly encountered bacterial colonies.
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thereof, or an RNA product that is speci�c for a particular 
organism. In principle, the presence of a speci�c gene or 
a particular nucleic acid sequence unique to the organism 
is interpreted as identi�cation of the organism. Sequenc-
ing of the speci�c DNA or RNA target sequence provides 
de�nitive identi�cation. �e most common conserved 
DNA target sequence used to identify bacteria is the 16s 
rRNA gene (16s ribosomal DNA). In some microorgan-
isms, the 16s rRNA gene is highly conserved within the 
genus and additional DNA sequencing of a subsequent 
gene is required to identify speci�c species within the 
group. Genotypic identi�cation is highly speci�c and 
sensitive. Speci�city refers to the percentage of patients 
without disease that will test negative for the presence 
of the organism. Sensitivity indicates the percentage of 
patients in whom the organism is present who actually test 
positive. �e DNA sequence is then compared to refer-
ence sequences available in public or private databases. 
�e sample nucleotide match and mismatches are then 
converted and reported as a percent identity score. �e 
acceptable percent identity for an organism is dependent 

on the target sequence and the microorganism (for more 
information regarding molecular methods, see Chapter 8).�

Organism Identification Using Phenotypic 
Criteria

Phenotypic criteria are observable physical or metabolic 
�D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �P�G �C�B�D�U�F�S�J�B�‰�U�I�B�U �J�T�
 �J�E�F�O�U�J�ë�D�B�U�J�P�O �J�T �U�I�S�P�V�H�I 
analysis of gene products rather than through the genes 
themselves. �e phenotypic approach is the classic approach 
to bacterial classi�cation and identi�cation, as previously 
discussed in Chapter 1. Other characterizations are based 
on the antigenic makeup of the organisms and involve tech-
niques based on antigen-antibody interactions (for more 
information regarding immunologic diagnosis of infectious 
diseases, see Chapter 9). Phenotypic characterizations used 
in diagnostic bacteriology are based on methods that estab-
lish a bacterial isolate’s morphology and metabolic capabili-
ties. Phenotypic criteria include the following:
���t����.�J�D�S�P�T�D�P�Q�J�D �N�P�S�Q�I�P�M�P�H�Z �B�O�E �T�U�B�J�O�J�O�H �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T
���t����.�B�D�S�P�T�D�P�Q�J�D �	�D�P�M�P�O�Z�
 �N�P�S�Q�I�P�M�P�H�Z

A

B C

�t Fig. �.��   (A) Mixed bacterial culture on sheep blood agar (arrows). (B) Pure culture of Staphylococcus 
aureus (� -hemolysis is evident). (C) Streptococcus pneumoniae (� -hemolytic).
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Gram stain morphology

Selection and performance of appropriate definitive bacterial identification schemes or systems

Gram-positive cocci Gram-positive bacilli Gram-negative bacilli Gram-negative diplococci

Catalase Spores Growth on
MacConkey agar

Growth on Thayer-
Martin agar

Oxidase

+ �

Catalase

+ �

+ �

+ � + �
+ �

Staphylococci Streptococci
or
enterococci

Bacillus spp.
Enterobacterales
Pseudomonas spp.

Haemophilus spp.
Brucella spp.
Legionella spp.

Pathogenic
Neisseria spp.

Other
Neisseria spp.

Corynebacterium spp.
Listeria spp.
Others

Lactobacillus spp.
Actinomyces spp.

Pseudomonas spp. Enterobacterales

�t Fig. �.��   Example of a bacterial identi�cation scheme (not applicable to anaerobic organisms).

A

B

�t Fig. �.��   Microscopic examination of a wet preparation demonstrates 
the size difference between most yeast cells, such as those of Candida 
albicans (arrow A), and bacteria, such as Staphylococcus aureus 
(arrow B).

���t����&�O�W�J�S�P�O�N�F�O�U�B�M �S�F�R�V�J�S�F�N�F�O�U�T �G�P�S �H�S�P�X�U�I
���t����3�F�T�J�T�U�B�O�D�F �P�S �T�V�T�D�F�Q�U�J�C�J�M�J�U�Z �U�P �B�O�U�J�N�J�D�S�P�C�J�B�M �B�H�F�O�U�T
���t����/�V�U�S�J�U�J�P�O�B�M �S�F�R�V�J�S�F�N�F�O�U�T �B�O�E �N�F�U�B�C�P�M�J�D �D�B�Q�B�C�J�M�J�U�J�F�T
���t����#�J�P�D�I�F�N�J�D�B�M �S�F�B�D�U�J�P�O�T �J�O�D�M�V�E�J�O�H �F�O�[�Z�N�B�U�J�D �S�F�B�D�U�J�P�O�T �P�S 

chemical pro�les
���t����1�S�P�U�F�J�O �F�Y�Q�S�F�T�T�J�P�O �Q�B�U�U�F�S�O�T �	�F���H���
 �N�B�U�S�J�Y���B�T�T�J�T�U�F�E �M�B�T�F�S 

desorption ionization time-of-�ight mass spectrometry 
�<�.�"�-�%�*���5�0�' �.�4�>�


Microscopic Morphology and Staining 
Characteristics
Microscopic evaluation of bacterial cellular morphology, 
as facilitated by the Gram stain or other enhancing meth-
ods discussed in Chapter 6, provides basic and important 
information that supports identi�cation schemes and strate-
gies. Most clinically relevant bacteria can be microscopically 
divided into four distinct Gram stain groups: gram-positive 
cocci, gram-negative diplococci, gram-positive bacilli, and 
gram-negative bacilli (Fig. 7.13). Some bacterial species 
are morphologically indistinct and are described as “GN 
coccobacilli,” “gram-variable bacilli,” or pleomorphic (i.e., 
exhibiting various shapes). Still other morphologies include 
curved rods and spirals.

Even without staining, examination of a wet prepara-
tion of bacterial colonies under oil immersion (1000× 
magni�cation) can provide clues as to possible identity. 
For example, a wet preparation prepared from a translu-
cent, alpha-hemolytic colony on blood agar may reveal 
cocci in chains, a strong indication that the bacteria are 
probably streptococci. In addition, the presence of yeast, 
whose colonies can closely mimic bacterial colonies but 

whose cells are generally much larger, can be determined 
(Fig. 7.14).

In most instances, schemes for �nal identi�cation are 
based on the cellular morphologies and staining character-
�J�T�U�J�D�T �P�G �C�B�D�U�F�S�J�B�� �5�P �J�M�M�V�T�U�S�B�U�F�
 �B�O �B�C�C�S�F�W�J�B�U�F�E �J�E�F�O�U�J�ë�D�B�U�J�P�O 
�owchart for commonly encountered bacteria is shown in 
Fig. 7.13 (more detailed identi�cation schemes are pre-
sented throughout Part III); this �owchart illustrates how 
microorganisms’ microscopic morphology is integrated into 
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identi�cation schemes based on the organism’s nutritional 
requirements and metabolic capabilities.�

Macroscopic (Colony) Morphology
Evaluation of colony morphology includes considering col-
ony size, shape, color (pigment), opacity, surface texture and 
consistency, and any changes that colony growth produces 
in the surrounding agar medium (e.g., hemolysis of blood in 
BA plates). A characteristic odor can support an identi�ca-
tion of an organism such as Pseudomonas aeruginosa, which 
is described as having a fruity or grapelike smell. (Note: 
Smelling plates in a clinical setting can be dangerous and is 
strongly discouraged.)

�"�M�U�I�P�V�H�I �U�I�F�T�F �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �V�T�V�B�M�M�Z �B�S�F �O�P�U �T�V�ï�D�J�F�O�U 
for establishing a �nal or de�nitive identi�cation, the infor-
mation gained provides preliminary information necessary 
for determining what identi�cation procedures should fol-
low. However, it is unwise to place too much con�dence 
on colony morphology alone for preliminary identi�cation 
of isolates. Microorganisms often grow as colonies whose 
appearance is not that di�erent from many other species, 
especially if the colonies are relatively young (i.e., <14 hours 
old). Unless the colony morphology is distinctive or the 
growth occurs on a particular selective medium, other char-
acteristics must be included in the identi�cation scheme.�

Environmental Requirements for Growth
Environmental conditions required for growth can be used 
to supplement other identi�cation criteria. However, as 
with colony morphologies, this information alone is not 
�T�V�ï�D�J�F�O�U �G�P�S �F�T�U�B�C�M�J�T�I�J�O�H �B �ë�O�B�M �J�E�F�O�U�J�ë�D�B�U�J�P�O�� �h�F �B�C�J�M�J�U�Z 
to grow in particular incubation atmospheres frequently 
provides insight about the organism’s potential identity. 
For example, organisms growing only in the bottom of a 
tube containing thioglycollate broth are not likely to be 
strictly aerobic bacteria, thus eliminating these types of bac-
teria from the list of identi�cation possibilities. Similarly, 
anaerobic bacteria can be discounted in the identi�cation 
schemes for organisms that grow on BA plates incubated 
in an ambient atmosphere. An organism’s requirement, or 
preference, for increased carbon dioxide concentrations can 
provide hints for the identi�cation of bacteria such as S. 
pneumoniae, H. in�uenzae, and N. gonorrhoeae.

In addition to atmosphere, the ability to survive or thrive 
in temperatures that exceed or are well below the normal 
body temperature of 37°C may be helpful for organism 
identi�cation. �e growth of C. jejuni at 42°C and the 
ability of Yersinia enterocolitica to survive at 0°C are two 
examples in which temperature enrichment can be used to 
identify an organism.�

Resistance or Susceptibility to Antimicrobial 
Agents
�e ability of an organism to grow in the presence of cer-
tain antimicrobial agents or speci�c toxic substances is 
widely used to establish preliminary identi�cation. �is 
is accomplished by using agar media supplemented with 

inhibitory substances or antibiotics (�5�B�C�M�F ������) or by 
directly measuring an organism’s resistance to antimicro-
bial agents that may be used to treat infections (for more 
information regarding antimicrobial susceptibility testing, 
see Chapter 11).

As discussed earlier in this chapter, most clinical speci-
mens are inoculated to several media, including some selec-
tive or di�erential agars. �e �rst clue to identi�cation of 
an isolated colony is the nature of the media on which the 
organism is growing. For example, with rare exceptions, 
only GN bacteria grow well on MAC. Alternatively, other 
agar plates, such as Columbia agar with CNA, support the 
growth of gram-positive organisms and inhibit the growth of 
most GN bacilli. Chocolate agar will support the growth of 
all aerobic microorganisms including the fastidious Neisseria 
spp.; the antibiotic-supplemented Modi�ed-�ayer-Martin 
formulation will almost exclusively support the growth of 
the pathogenic species N. meningitidis and N. gonorrhoeae 
while inhibiting other species within the genus.

Directly testing a bacterial isolate’s susceptibility to a 
particular antimicrobial agent may be a very useful part 
of an identi�cation scheme. Many gram-positive bacteria 
(with a few exceptions, such as certain Enterococcus spp., 
Lactobacillus spp., Leuconostoc spp., and Pediococcus spp.) 
are susceptible to vancomycin, an antimicrobial agent that 
acts on the bacterial cell wall. In contrast, most clinically 
important GN bacteria are resistant to vancomycin. Sus-
ceptibility to vancomycin can be used to help establish the 
organism’s Gram “status.” Any zone of inhibition around a 
vancomycin-impregnated disk after overnight incubation is 
usually indicative of a gram-positive bacterium (Fig. 7.15). 
It is important to understand that with the increasing use 
of antibiotics to treat serious infections, some gram-positive 
organisms have acquired mechanisms of resistance to vanco-
mycin. With few exceptions (e.g., certain Chryseobacterium 
spp., Moraxella spp., or Acinetobacter spp. isolates may be 
vancomycin susceptible), truly GN bacteria are resistant to 
vancomycin. Conversely, most GN bacteria are susceptible 

A B

�t Fig. �.��   (A) Zone of growth inhibition around the 5-µg vancomycin 
disk is indicative of a gram-positive bacterium. (B) The gram-negative 
organism is not inhibited by this antibiotic, and growth extends to the 
edge of the disk.
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to the antibiotics colistin or polymyxin, whereas gram-posi-
tive bacteria are typically resistant to these agents.�

Nutritional Requirements and Metabolic 
Capabilities
Determining the nutritional and metabolic capabilities of a 
bacterial isolate is the traditional approach used for deter-
mining the genus and species of an organism. �e meth-
ods available for making these determinations share many 
commonalties but also have some important di�erences. In 
general, all methods use a combination of tests to estab-
lish the enzymatic capabilities of a given bacterial isolate as 
well as the isolate’s ability to grow or survive in the pres-
ence of certain inhibitors (e.g., salts, surfactants, toxins, and 
antibiotics).

Establishing Enzymatic Capabilities
As discussed in Chapter 2, enzymes are the driving force 
in bacterial metabolism. Because enzymes are genetically 
encoded, the enzymatic content of an organism is a direct 
re�ection of the organism’s genetic makeup, which, in turn, 
is speci�c for individual bacterial species.�

Types of Enzyme-Based Tests
In diagnostic bacteriology, enzyme-based tests are designed 
to measure the presence of a speci�c enzyme or a com-
plete metabolic pathway that may contain several di�erent 
enzymes. Although the speci�c tests most useful for the 
identi�cation of particular bacteria are discussed in Part III, 
some examples of tests commonly used to characterize bac-
teria are reviewed here.�

Single Enzyme Tests
Several tests are commonly used to determine the presence of a 
single enzyme. �ese tests usually provide rapid results because 
they can be performed on organisms already grown in cul-
ture. �ese tests are easy to perform, interpret, and often play 
a key role in the identi�cation scheme. Although most single 
enzyme tests �E�P �O�P�U �Z�J�F�M�E �T�V�ï�D�J�F�O�U �J�O�G�P�S�N�B�U�J�P�O �U�P �Q�S�P�W�J�E�F 
species identi�cation, they are used extensively to determine 
which subsequent identi�cation steps should be followed. For 
example, the catalase test can provide pivotal information and 
is commonly used in schemes for gram-positive identi�cations. 
�e oxidase test is of comparable importance in identi�cation 
schemes for GN bacteria (Fig. 7.13).�

Catalase Test
�e enzyme catalase catalyzes the release of water and oxy-
gen from hydrogen peroxide (2H2O2 + catalase d 2H2O + 
O2); its presence is determined by direct analysis of a bac-
terial culture (Procedure 12.9). �e rapid production of 
bubbles (e�ervescence) when bacterial growth is mixed with 
a hydrogen peroxide solution is interpreted as a positive test 
(i.e., the presence of catalase). Failure to produce e�erves-
cence or weak e�ervescence is interpreted as negative. If 
the bacterial inoculum is inadvertently contaminated with 
red blood cells when the test inoculum is collected from a 

BA plate, weak production of bubbles may occur, but this 
should not be interpreted as a positive test.

Because the catalase test is key to the identi�cation scheme 
of many gram-positive organisms, interpretation must be 
completed carefully. For example, most staphylococci are 
catalase-positive, whereas streptococci and enterococci are 
negative; similarly, the catalase reaction di�erentiates L. 
monocytogenes and corynebacteria (catalase-positive) from 
other Gram-positive, non–spore-forming bacilli (Fig. 7.13).�

Oxidase Test
Cytochrome oxidase participates in electron transport and 
�J�O �U�I�F �O�J�U�S�B�U�F �N�F�U�B�C�P�M�J�D �Q�B�U�I�X�B�Z�T �P�G �D�F�S�U�B�J�O �C�B�D�U�F�S�J�B�� �5�F�T�U-
ing for the presence of oxidase can be performed by �ooding 
bacterial colonies on the agar surface with 1% tetramethyl-
p-phenylenediamine dihydrochloride. Alternatively, a 
sample of the bacterial colony can be rubbed onto �lter 
paper impregnated with the reagent (Procedure 12.34). A 
positive reaction is indicated by the development of a purple 
color. If an iron-containing wire is used to transfer growth, 
a false-positive reaction may result; therefore, platinum wire 
or wooden sticks are recommended. Certain organisms may 
show slight positive reactions after the initial 10 seconds 
have passed; such results are not considered de�nitive.

�e test is initially used for di�erentiating between 
groups of GN bacteria. Among the commonly encoun-
tered GN bacilli, Enterobacterales, Stenotrophomonas 
maltophilia, and Acinetobacter spp. are oxidase-negative, 
whereas many other bacilli, such as Pseudomonas spp. and 
Aeromonas spp., are positive (Fig. 7.13). �e oxidase test is 
also a key reaction for the identi�cation of Neisseria spp. 
(oxidase-positive).�

Indole Test
Bacteria that produce the enzyme tryptophanase are able 
to degrade the amino acid tryptophan into pyruvic acid, 
ammonia, and indole. Indole is detected by combining with 
an indicator, aldehyde ([4-dimethylamino] benzaldehyde, 
37% hydrochloric acid, and amyl alcohol, also referred to as 
Kovac’s reagent), which results in the formation of a pink to 
red color (Procedure 12.21). Spot indole contains p-dimeth-
ylaminocinnamaldehyde (DMACA), 37% hydrochloric 
acid, and deionized water, which results in the formation 
of a blue color. �is test is used in numerous identi�cation 
schemes, especially to presumptively identify Escherichia coli 
in conjunction with microscopic and macroscopic colony 
morphology.�

L-pyroglutamyl-aminopeptidase Test
�e enzyme L-pyroglutamyl-aminopeptidase (PYR) 
hydrolyzes the substrate L-pyrrolidonyl-� -naphthylamide 
to produce a beta-naphthylamine. When the beta-naphthyl-
amine combines with a cinnamaldehyde reagent, a bright 
red color is produced (Procedure 12.37). �e PYR test is 
particularly helpful in identifying gram-positive cocci such 
as Streptococcus pyogenes and Enterococcus spp., which test 
positive, whereas other streptococci test negative.�
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Tests for the Presence of Metabolic Pathways
Several identi�cation schemes are based on determining 
what metabolic pathways an organism uses and the sub-
strates processed by these pathways. In contrast to single 
enzyme tests, these pathways may involve several interac-
tive enzymes. �e presence of a product resulting from these 
interactions is measured in the testing system. Assays for 
metabolic pathways can be classi�ed into three general cat-
egories: carbohydrate oxidation and fermentation, amino 
acid degradation, and single substrate utilizations.�

Oxidation and Fermentation Tests
As discussed in Chapter 2, bacteria use various metabolic 
pathways to produce biochemical building blocks and 
energy. For most clinically relevant bacteria, this involves 
utilization of carbohydrates (e.g., sugar or sugar derivatives) 
and protein substrates. Determining whether substrate uti-
lization is an oxidative or fermentative process is important 
for the identi�cation of several di�erent bacteria.

Oxidative processes require oxygen; fermentative ones 
do not. �e clinical laboratory determines how an organism 
utilizes a substrate by observing whether acid byproducts are 
produced in the presence or absence of oxygen (fermenta-
tion). In most instances, the presence of acid byproducts is 
detected by a change in the pH indicator incorporated into 
the medium. �e color changes that occur in the presence of 
acid depend on the type of pH indicator used.

Oxidation-fermentation determinations are usually 
accomplished using a special semisolid medium (oxidative-
fermentative [O-F] medium) that contains low concentrations 

of peptone and a single carbohydrate substrate such as glucose. 
�e organism to be identi�ed is inoculated into two glucose 
O-F tubes, one of which is then overlaid with mineral oil as a 
barrier to oxygen. Common pH indicators used for O-F tests, 
and the color changes they undergo with acidic conditions, 
include bromocresol purple, which changes from purple to yel-
low; Andrade’s acid fuchsin indicator, which changes from pale 
yellow to pink; phenol red, which changes from red to yellow; 
and bromothymol blue, which changes from green to yellow.

As shown in Fig. 7.16, when acid production is detected 
in both tubes, the organism is identi�ed as a glucose fermen-
ter and oxidizer. If acid is only detected in the open, aerobic 
tube, the organism is characterized as a glucose oxidizer. As 
a third possibility, some bacteria do not use glucose as a sub-
strate, no acid is detected in either tube and the organism 
is considered asaccharolytic (a noncarbohydrate utilizer). 
�e glucose fermentative or oxidative capacity is generally 
used to separate organisms into major groups (e.g., Entero
bacterales are fermentative; Pseudomonas spp. are oxidative). 
However, the utilization pattern for several other carbohy-
drates (e.g., lactose, sucrose, xylose, and maltose) is often 
needed to help identify an organism’s genus and species.�

Amino Acid Degradation
Determining the ability of bacteria to produce enzymes 
that either deaminate, dihydrolyze, or decarboxylate certain 
amino acids is often used in identi�cation schemes. �e 
amino acid substrates most often tested include lysine, tyro-
sine, ornithine, arginine, and phenylalanine. (�e indole test 
for tryptophan cleavage is presented earlier in this chapter.)

  Both tubes of O-F glucose
inoculated with test organism

Mineral oil
overlay

    Oxidizer
(nonfermenter)

Fermenter Nonutilizer

Incubation

�t Fig. �.��   Principle of glucose oxidative-fermentation (O-F) test. Fermentation patterns shown in O-F 
tubes include examples of oxidative, fermentative, and nonutilizing bacteria.
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Decarboxylases cleave the carboxyl group from amino 
acids so that amino acids are converted into amines; lysine 
is converted to cadaverine, and ornithine is converted to 
putrescine. Because amines increase medium pH, they are 
readily detected by color changes in a pH indictor indica-
tive of alkalinity. Decarboxylation is an anaerobic process 
that requires an acid environment for activation. �e most 
common medium used for this test is Moeller decarboxylase 
base that contains glucose, the amino acid substrate of inter-
est (i.e., lysine, ornithine, or arginine), and a pH indicator.

Organisms are inoculated into the tube medium, which 
is then overlaid with mineral oil to ensure anaerobic condi-
tions (Chapter 12). Early during incubation, bacteria utilize 
the glucose and produce acid, resulting in a yellow color-
ation of the pH indicator. Organisms that can decarboxyl-
ate the amino acid then begin to attack the substrate and 
produce the amine product, which increases the pH and 
changes the indicator back from yellow to purple (if brom-
cresol purple is the pH indicator used; red if phenol red is 
the indicator). After overnight incubation, a positive test is 
indicated by a purple color, and a negative test (i.e., lack of 
decarboxylase activity) is indicated by a yellow color. With 
each amino acid tested, a control tube of the glucose-con-
taining broth base without amino acid is inoculated. �e 
standard’s (control) color is compared with that of the tube 
containing the amino acid after incubation.

Because it is a two-step process, the breakdown of argi-
nine is more complicated than that of lysine or ornithine. 
Arginine is �rst dihydrolyzed to citrulline, which is subse-
quently converted to ornithine. Ornithine is then decarbox-
ylated to putrescine, which results in the same pH indicator 
changes as just outlined for the other amino acids.

Unlike decarboxylation, deamination, the cleavage of 
the amine group from an amino acid, occurs in air. Deami-
nation of the amino acid phenylalanine results in the pres-
ence of the product (phenylpyruvic acid). Phenylpyruvic 
acid is detected by the addition of 10% ferric chloride, 
which results in the development of a green color. An agar 
slant medium, phenylalanine deaminase agar (PDA), is 
commercially available for this test.

Lysine iron agar medium is a combination medium 
used for the identi�cation of decarboxylation and deami-
nation in a single tube. Dextrose is incorporated in the 
medium in a limited concentration of 0.1%. �e organism 
is then stabbed into the media approximately within 3 mm 
of the bottom of the tube. When removing the inoculating 
needle from the stab, the slant of the medium is streaked. 
Organisms capable of dextrose fermentation will produce 
acid, resulting in a yellow butt. Organisms that decarboxyl-
ate lysine will produce alkaline products that will return the 
yellow color to the original purple color of the medium. 
Hydrogen sul�de–positive organisms produce gas that reacts 
with iron salts, ferrous sulfate, and ferric ammonium citrate 
in the media, producing a black precipitate. It is important 
to note that Proteus spp. are capable of deaminating lysine 
in the presence of oxygen, resulting in a red color change on 
the slant of the medium.�

Single Substrate Utilization
Whether an organism can grow in the presence of a single 
nutrient or carbon source provides useful identi�cation 
information. Such tests entail inoculating organisms to 
a medium that contains a single source of nutrition (e.g., 
citrate, malonate, or acetate) and, after incubation, observ-
ing the medium for growth. Growth is determined by 
observing the presence of bacterial colonies or by using a 
pH indicator to detect the products of metabolic activity.�

Establishing Inhibitor Pro�les
�e ability of a bacterial isolate to grow in the presence of 
one or more inhibitory substances can provide valuable 
identi�cation information. Examples regarding the use of 
inhibitory substances are presented earlier in this chapter.

In addition to the information gained from using inhibi-
tory media or antimicrobial susceptibility testing, other 
more speci�c tests may be incorporated into bacterial iden-
ti�cation schemes. Because most of these tests are used to 
identify a particular group of bacteria, their protocols and 
principles are discussed in the appropriate chapters in Part 
III. A few examples of such tests include the following:
���t����(�S�P�X�U�I �J�O �U�I�F �Q�S�F�T�F�O�D�F �P�G �W�B�S�J�P�V�T �/�B�$�M �D�P�O�D�F�O�U�S�B�U�J�P�O�T 

(identi�cation of Enterococcus spp. and Vibrio spp.)
���t����4�V�T�D�F�Q�U�J�C�J�M�J�U�Z �U�P �P�Q�U�P�D�I�J�O �B�O�E �C�J�M�F �T�P�M�V�C�J�M�J�U�Z �	�J�E�F�O�U�J�ë�D�B-

tion of S. pneumoniae)
���t����"�C�J�M�J�U�Z �U�P �I�Z�E�S�P�M�Z�[�F �F�T�D�V�M�J�O �J�O �U�I�F �Q�S�F�T�F�O�D�F �P�G �C�J�M�F �	�J�E�F�O-

ti�cation of Enterococcus spp. in combination with NaCl)
���t����&�U�I�B�O�P�M �T�V�S�W�J�W�B�M �	�J�E�F�O�U�J�ë�D�B�U�J�P�O �P�G Bacillus spp.)�

Principles of Phenotypic Identification 
Schemes

As shown in Fig. 7.13, growth characteristics, microscopic 
morphologies, and single-test results are used to categorize 
most bacterial isolates into general groups. However, the 
de�nitive identi�cation to species requires use of schemes 
designed to produce metabolic or protein pro�les of the 
organisms. Biochemical phenotypic identi�cation systems 
usually consist of four major components:
���t����4�F�M�F�D�U�J�P�O �B�O�E �J�O�P�D�V�M�B�U�J�P�O �P�G �B �T�F�U �	�J���F���
 �C�B�U�U�F�S�Z�
 �P�G �T�Q�F�D�J�ë�D 

metabolic substrates and growth inhibitors
���t����*�O�D�V�C�B�U�J�P�O �U�P �B�M�M�P�X �T�V�C�T�U�S�B�U�F �V�U�J�M�J�[�B�U�J�P�O �U�P �P�D�D�V�S �P�S �U�P 

allow growth inhibitors to act
���t����%�F�U�F�S�N�J�O�B�U�J�P�O �P�G �N�F�U�B�C�P�M�J�D �B�D�U�J�W�J�U�Z �U�I�B�U �P�D�D�V�S�S�F�E �E�V�S-

ing incubation
���t����"�O�B�M�Z�T�J�T �P�G �N�F�U�B�C�P�M�J�D �Q�S�P�ë�M�F�T �B�O�E �D�P�N�Q�B�S�J�T�P�O �X�J�U�I 

established pro�le databases for known bacterial species 
to establish de�nitive identi�cation

Selection and Inoculation of Identification 
Biochemical Test Battery

�e number and types of tests that are selected for inclusion 
in a biochemical test battery depends on various factors, 
including the type of bacteria to be identi�ed, the clinical 
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signi�cance of the bacterial isolate, and the availability of 
reliable testing methods.

Type of Bacteria to Be Identified
Certain organisms have such unique features that relatively 
few tests are required to establish identity. For example, 
Staphylococcus aureus is essentially the only major pathogen 
that is a gram-positive cocci that appears microscopically in 
large clusters, macroscopically is generally yellow to golden, 
� -hemolytic on BA, is catalase-positive, and produces coag-
�V�M�B�T�F�� �h�J�T �J�O�G�P�S�N�B�U�J�P�O �X�P�V�M�E �C�F �T�V�ï�D�J�F�O�U �U�P �Q�S�F�T�V�N�Q-
tively identify the organism as S. aureus. Con�rmation of 
the identi�cation would follow with a metabolic pro�le test 
battery or other identi�cation method. In contrast, identi-
�cation of most clinically relevant GN bacilli, such as those 
of the Enterobacterales order requires establishing metabolic 
pro�les using a biochemical test battery or other identi�ca-
tion system in order to identify the genus and species of the 
microorganism.�

Clinical Significance of the Bacterial Isolate
Although a relatively large number of tests may be required 
to identify a particular bacterial species, the decision to iden-
tify the isolate depends on the specimen source, the amount 
of organism present, and the presence of additional bacte-
rial species. For instance, if a GN bacillus is mixed with 
�ve other bacterial species in a urine culture, it is likely to 
be a contaminant. In this setting, multiple tests to establish 
species identity are not warranted and should not routinely 
be performed. However, if this same organism is isolated in 
pure culture from cerebrospinal �uid, the full battery of tests 
required for de�nitive identi�cation should be performed.�

Availability of Reliable Testing Methods
Because of an increasing population of immunocompro-
mised patients and the increasing multitude of complicated 
medical procedures, the isolation of uncommon or unusual 
bacteria is occurring more frequently. Because of the 
unusual nature exhibited by some of these bacteria, reliable 
testing methods and identi�cation criteria may not be estab-
lished in most clinical laboratories. In these instances, only 
the genus of the organism may be identi�ed (e.g., Bacillus 
spp.), or identi�cation may not go beyond a description of 
the organism’s microscopic morphology (e.g., gram-positive 
pleomorphic bacilli, or gram-variable branching organism). 
When such bacteria are encountered and are thought to 
be clinically signi�cant, they should be sent to a reference 
laboratory whose personnel are experienced in identifying 
unusual organisms.

Although the number of tests included in an identi�ca-
tion battery may vary and di�erent identi�cation systems 
may require various inoculation techniques, the one com-
mon feature of all systems is the requirement for inoculation 
with a pure culture. Inoculation with a mixture of bacteria 
�Q�S�P�E�V�D�F�T �N�J�Y�F�E �B�O�E �P�G�U�F�O �V�O�J�O�U�F�S�Q�S�F�U�B�C�M�F �S�F�T�V�M�U�T�� �5�P �F�Y�Q�F-
dite identi�cation, cultivation strategies (described earlier 
in this chapter) should focus on obtaining pure cultures as 

soon as possible. Furthermore, positive and negative con-
trols should be run in parallel with most identi�cation sys-
tems as a check for purity of the culture used to inoculate 
the system.�

Incubation for Substrate Utilization

�e time required to obtain bacterial identi�cation depends 
heavily on the length of incubation needed before the test 
result is available. In turn, the duration of incubation depends 
on whether the test is measuring metabolic activity that 
requires bacterial growth or whether the assay is measuring 
the presence of a particular enzyme or cellular product that 
can be detected without the need for bacterial growth.

Conventional Identification
Because the generation time (i.e., the time required for a 
bacterial population to double) for most clinically relevant 
bacteria is 20 to 30 minutes, growth-based tests usually 
require hours of incubation before the presence of an end 
product can be measured. Many conventional identi�cation 
schemes require 18 to 24 hours of incubation, or longer, 
before the tests can be accurately interpreted. Although the 
conventional approach has been the standard for most bac-
terial identi�cation schemes, the desire to produce results 
and identi�cations in a more rapid fashion has resulted in 
the development of rapid identi�cation strategies.�

Rapid Identification
In the context of diagnostic bacteriology, the term “rapid” 
is relative. A rapid method is one that provides a result the 
same day that the test was inoculated. Alternatively, the def-
inition may be more precise, whereby rapid (10 minutes or 
less) or quick test (1 to 4 hours) is used to describe tests that 
provide results within 4 hours of inoculation. It is impor-
tant to note that rapid identi�cation still requires overnight 
incubation of culture media to provide pure-culture isolates 
from the primary specimen.

�5�X�P �H�F�O�F�S�B�M �B�Q�Q�S�P�B�D�I�F�T �I�B�W�F �C�F�F�O �E�F�W�F�M�P�Q�F�E �U�P �P�C�U�B�J�O 
more rapid identi�cation results. One is to vary the con-
ventional testing approach by decreasing the test substrate 
medium volume and increasing the concentration of bac-
teria in the inoculum. Several conventional methods, such 
as carbohydrate fermentation pro�les, use this strategy for 
more rapid results.

�e second approach uses unique or unconventional sub-
strates. Particular substrates are chosen based on their ability 
to detect enzymatic activity at all times. �at is, detection of 
the enzyme does not depend on multiplication of the organ-
ism (i.e., this is not a growth-based test), so delays caused by 
depending on bacterial growth are minimized. �e catalase, 
oxidase, and PYR tests discussed previously are examples of 
such tests, but many others are available as part of commer-
cial testing batteries.

Still other rapid identi�cation schemes are based on 
antigen-antibody reactions, such as latex agglutination 
tests, that are commonly used to quickly and easily identify 
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BA

�t Fig. �.��   (A) Matrix-assisted laser desorption ionization time of �ight mass spectrometry. (B) A colony 
from a primary culture plate is transferred to a “spot” on a target plate. Cells are then treated with formic 
acid on the target plate and dried and then a matrix is added. The plate is placed into the mass spectrom-
eter for analysis, and a mass spectrum is generated and compared with the database, providing an iden-
ti�cation of the organism. (Photos courtesy Cory Gunderson, Avera Regional Laboratory, Sioux Falls, SD.)

certain � -hemolytic streptococci and S. aureus (for more 
information regarding these test formats, see Chapter 9).�

Matrix-Assisted Laser Desorption Ionization Time 
of Flight Mass Spectrometry
Matrix-assisted laser desorption ionization time of 
�ight mass spectrometry (MALDI-TOF MS) is an 
advanced chemical technique that uses laser excitation 
to ionize chemical functional groups that are included in 
�U�I�F �Q�S�P�U�F�J�O�T �P�G �B�O �P�S�H�B�O�J�T�N�� �.�"�-�%�*���5�0�' �.�4 �T�J�H�O�J�ë-
cantly reduces turnaround time and identi�cation rates, 
while at the same time reducing the cost of consumables 
in the microbiology laboratory (Fig. 7.17). Identi�cation 
of microorganisms is approximately 3 minutes per isolate 
compared to 1 to 1.5 days using conventional biochemi-
cal identi�cation systems. Following isolation on primary 
culture media, the organism is either applied directly onto 
a plate from a pure culture, in an on-plate formic acid 
preparation, or prepared as an ethanol-formic acid protein 
extract before application. �e sample is then mixed with 
a chemical matrix (Procedure 7.1). �e laser is applied to 
the sample, and the matrix absorbs the energy, transferring 
heat to the sample proteins and creating ions; this is essen-
tially the desorption and ionization process. �ese ions are 
then separated in a �ight tube.  �e lighter the ions, the 
faster they will travel in the tube. �e ions are measured 
using a detector, and a protein spectrum for the speci�c 
organism is created as a mass spectrum using the mass-
to-charge ratio and signal intensity. �e proteins that are 
�E�F�U�F�D�U�F�E �F�ï�D�J�F�O�U�M�Z �X�P�V�M�E �J�O�D�M�V�E�F �T�N�B�M�M �S�F�M�B�U�J�W�F�M�Z �B�C�V�O-
dant proteins such as ribosomal proteins (Fig. 7.18). �is 
new organism protein pro�le is then compared with other 

organisms included in a computerized database. Com-
�N�F�S�D�J�B�M�M�Z �B�W�B�J�M�B�C�M�F �.�"�-�%�*���5�0�' �.�4 �T�Z�T�U�F�N�T�
 �J�O�D�M�V�E�J�O�H 
MALDI Biotyper (Bruker Daltonics Inc, Fremont, CA) 
(Fig. 7.17) and Vitek MS (bioMérieux, Etoile, France) 
(Fig. 7.19) are used for the clinical identi�cation of micro-
organisms including bacteria, fungi, and viruses. �e range 
�P�G �P�S�H�B�O�J�T�N�T �U�I�B�U �D�B�O �C�F �J�E�F�O�U�J�ë�F�E �V�T�J�O�H �.�"�-�%�*���5�0�' 
MS is limited to the size of the proprietary database. �e 
technique is also limited to the identi�cation of organisms 
from pure colony isolation and is not useful on specimens 
containing contaminating microbiota or multiple species. 
Additional disadvantages associated with laboratory tech-
nique include smearing between organisms on the testing 
plate, the amount of organism spotted on the target, the 
homogeneity of the smear and failure to properly clean the 
plates before each subsequent use. As long as the quality 
of the technical process is maintained, results are generally 
reproducible. Additional errors may include variation in 
the composition of the solvent and matrix, culture condi-
tions, the organism’s biologic variation, and poorly devel-
oped quality-control strategies. Further information and 
�U�I�F �B�Q�Q�M�J�D�B�U�J�P�O �P�G �.�"�-�%�*���5�0�' �.�4 �J�O �U�I�F �J�E�F�O�U�J�ë�D�B�U�J�P�O 
of speci�c microorganisms is provided in Parts III and V.�

Detection of Metabolic Activity

�e accuracy of an identi�cation scheme heavily depends 
on the ability to reliably detect whether a bacterial iso-
late has utilized the substrates composing the identi�ca-
tion battery. �e sensitivity and strength of the detection 
signal can also contribute to how rapidly results are avail-
able. No matter how quickly an organism may metabolize 
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Purpose
Identi�cation of microorganisms using a speci�c mass spectrum 
of the abundant proteins and peptides from the organism 
compared to a database.�

Principle
An isolated colony of the microorganism from a primary 
culture is placed on a target plate using one of three methods: 
(1) Direct transfer, (2) Extended Direct Transfer, or (3) Tube 
Extraction. A matrix solution is applied that extracts the 
proteins. The MALDI transforms the proteins and peptides 
into positively charged ions by irradiating the matrix with a 
UV laser. The matrix absorbs the laser energy and transfers 
protons to the proteins or peptides in the gas phase. The ions 
are then electrostatically accelerated in a �ight tube at a mass-
dependent rate. Ions arrive at the detector at different times of 
�ight based on mass. The time between the pulsed acceleration 
and detection of the ion is converted into a molecular rate 
to create a mass spectrum that includes a characteristic 
distribution of proteins at speci�c mass and intensity patterns. 
This pattern is species-speci�c for many microorganisms and 
can be used as a molecular �ngerprint for the identi�cation of 
the microorganism. The speci�c microorganism spectrum is 
transformed and a biological algorithm compares the pro�le to 
a reference library and creates a log (score) value that provides 
the degree of similarity to a given organism in the reference 
database.�

Method
Direct Transfer Method
	1.	� Using a stick, smear the isolated colony on a designated 

sample spot on the target plate. Each organism should 
be run in duplicate.

	2.	� Overlay the sample with 1 µL of matrix within 30 min of 
placing the organism on the card.

	3.	� Allow the matrix to dry. Testing of the organism must be 
completed within 24 h.�

Extended Direct Transfer Method
	1.	� Using a stick, smear the isolated colony on a designated 

sample spot on the target plate. Each organism should 
be run in duplicate.

	2.	� Overlay the sample spots with 1 µL of 70% formic acid 
and allow to dry.

	3.	� Overlay the sample with 1 µL of matrix, allow the matrix to 
dry. Testing of the organism must be completed within 24 h.�

Tube Extraction Method
	 1.	� Using a 1.5 mL microcentrifuge tube, add 300 µL of 

mass spec grade water.
	 2.	� Using a sterile loop, emulsify isolated colonies into the 

water, creating a heavy inoculum. Mix thoroughly.
	 3.	� Add 900 µL of absolute ethanol and vortex.
	 4.	� Centrifuge at 13,000 rpm for 2 min.
	 5.	� Remove the supernatant with a sterile pipette.
	 6.	� Repeat steps 4 and 5, being careful to not remove the 

pellet in the bottom of the microcentrifuge tube.
	 7.	� Air-dry the pellet for a minimum of 5 min at room 

temperature.
	 8.	� Add 25 µL of 70% formic acid and pipet the solution up 

and down until the pellet is suspended.
	 9.	� Add 25 µL of acetonitrile and pipette the solution up and 

down to mix.
	10.	� Centrifuge at 13,000 rpm for 2 min. (This sample is now 

viable at room temperature for up to 4 h.)

	11.	� Pipette 1 µL of the supernatant onto the spot on the 
target plate and allow to air-dry.

	12.	� Overlay the sample with 1 µL of matrix and allow to air-
dry. Testing of the organism must be completed within 
24 h.�

Spectrum Acquisition
	1.	� Each target plate has a barcode identi�er. This is used 

to create a run. Each individual sample will be located in 
the computer based on the run set-up in the MALDI-TOF 
software.

	2.	� Once all of the sample matrix has dried, the target plate 
is loaded into the target platform.

	3.	� Close the lid on the target platform port.
	4.	� Once the target is loaded, the software will include a start 

acquisition arrow to begin the testing process.
	5.	� During the testing process, a status bar will monitor 

the status of the run and will indicate when the run has 
�nished.

	6.	� A result report can be generated at the end of the run. 
The computer system will automatically save and archive 
the run.�

Expected Results
The computer will create a log (score) that re�ects the 

probability of accurate identi�cation of the organism. The 
log scores may vary depending on the manufacturer’s 
system. This is an example of a potential log score result 
reporting.

Log score � 2.00 = high con�dence of the organism 
identi�cation.

Log score of 1.70–1.99 = low con�dence of the organism 
identi�cation and may require additional testing

Log score of <1.70 is considered “no identi�cation possible.”
No Peaks indicates that a spectrum is not available. 

Requires repeat testing.
Invalidated Result: This indicates that an organism may 

match a spectrum in the database that is not currently 
approved by the US Food and Drug Administration (FDA). 
These organisms are generally included in the research 
use–only database system and will not transfer across a 
clinical facility interface.�

Limitations
	1.	� The inoculation of the organism onto the target position 

must be evenly distributed. Excessive or insuf�cient 
inoculum may result in poor or no organism identi�cation.

	2.	� Cross-contamination from one target spot with an 
adjacent spot may result in poor or no organism 
identi�cation.

	3.	� Poorly cleaned targets that are contaminated from 
previous runs may result in poor or no organism 
identi�cation.

	4.	� Identi�cation must be performed on pure colony isolates; 
mixed samples will result in erroneous identi�cation or no 
identi�cation.

	5.	� Organisms should be tested following 18 h of incubation 
on primary isolation media; as organisms die, protein 
patterns will change and may result in poor or no 
identi�cation.

	6.	� Organisms should be isolated on approved culture 
media; chemical constituents of some arti�cial media 
may interfere with the organism mass spectrum resulting 
in incorrect or no identi�cation.�

PROCEDURE 7.1  

Matrix-Assisted Desorption Ionization Time of Flight
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Quality Control
BTS (Bacterial Test Standard)
Manufacturer prepared lyophilized bacterial standard, 
Escherichia coli.

The BTS standard is stored in a �20°C freezer. The BTS is 
mixed with 50 µL of Standard Solvent. It can then be aliquoted 
into 10 µL samples and stored in �20°C for up to 5 months.

BTS is thawed daily for use. BTS is applied in duplicate to 
two standard spots on the target plate for each target. The 
BTS sample must be overlaid with matrix, allowed to dry, and 
processed in every acquisition run. The run is invalid if the BTS 
does not pass (log score � 2.00) during acquisition.�

Blank
A blank control spot is included on each target plate. Matrix is 
added to the target spot and allowed to dry. The blank test spot 
should result in no peaks, con�rming that the target plate was 
properly cleaned between each acquisition run.�

Quality Control Organisms
ATCC quality control organisms should be isolated and treated 
in the same manner as an unknown patient sample daily. 
Acquisition of the mass spectrum and proper identi�cation of 

the quality control test isolates should be completed once daily 
for representative organisms identi�ed by the facility. Suggested 
quality control may consist of a gram-positive (Staphylococcus 
aureus ATCC 29213), gram-negative (Pseudomonas aeruginosa 
–ATCC 27853), and a yeast (Candida albicans ATCC 66027). 
Additional organisms may also be necessary, depending on 
the type of identi�cations completed in the laboratory such as 
anaerobic or other fungal isolates.�

Reagents
Matrix (supplied by the manufacturer, and refrigerated at 

4°C.)
To prepare matrix, add 250 µL of Standard Solvent 

(50% acetonitrile, 47.5% MS Grade water, and 2.5% 
tri�uoracetic acid). Vortex until clear. Matrix remains stable 
for 1 week at room temperature.

Formic Acid
70% formic acid used for direct transfer method.
Add 300 µL of MS grade water to a microcentrifuge tube.
Mix with 700 µL of 100% formic acid.
Mix and vortex. Remains stable for 1 day.

  

PROCEDURE 7.1—cont’d  

Matrix-Assisted Desorption Ionization Time of Flight
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a particular substrate, if the products are slowly or weakly 
detected, the ultimate production of results will still be 
“slow.”

Detection strategies for determining the products of dif-
ferent metabolic pathways use colorimetry, �uorescence, or 
turbidity.

Colorimetry
Several identi�cation systems measure color change (col-
orimetry) to detect the presence of metabolic products. 
Frequently the color change is produced using pH indi-
cators included in the media. Depending on the byprod-
ucts measured and the testing method, additional reagents 
may need to be added to the reaction before the results 
are interpreted. An alternative to the use of pH indicators 
is the oxidation-reduction potential indicator tetrazolium 
violet. Organisms are inoculated into wells that contain a 
single, utilizable carbon source. Metabolism of that sub-
strate generates electrons that reduce the tetrazolium vio-
let, producing a purple color (positive reaction) that can 
be spectrophotometrically detected. In a third approach, 
the substrates themselves may be chromogenic so that 
when they are “broken down” by the organism, the altered 
substrate produces a color.

Some commercial systems use a miniaturized modi�ca-
tion of conventional biochemical batteries, with the color 
change being detectable with the unaided eye. Alternatively, 
in certain automated systems, a photoelectric cell measures 
the change in the wavelength of light transmitted through 
miniaturized growth cuvettes or wells, thus eliminating the 
need for direct visual interpretation by laboratory person-
nel. In addition, a complex combination of dyes and �lters 
may be used to enhance and broaden the scope of substrates 
and color changes that can be used in such systems. �ese 
combinations hasten identi�cation and increase the variety 
of organisms that can be reliably identi�ed.�

Fluorescence
�ere are two basic strategies for using �uorescence to mea-
sure metabolic activity. In one approach, substrate-�uorophore 
complexes are used. If a bacterial isolate processes the substrate, 
the �uorophore is released and assumes a �uorescent con�gu-
ration. Alternatively, pH changes resulting from metabolic 
activity can be measured by changes in �uorescence of certain 
�uorophore markers. In these pH-driven, �uorometric reac-
tions, pH changes result either in the �uorophore becoming 
�uorescent or, in other instances, �uorescence being quenched 
�P�S �M�P�T�U�� �5�P �E�F�U�F�D�U �ì�V�P�S�F�T�D�F�O�D�F�
 �V�M�U�S�B�W�J�P�M�F�U �M�J�H�I�U �P�G �B�Q�Q�S�P�Q�S�J�B�U�F 

�t Fig. �.��   How it works! Matrix-assisted laser desorption ionization time of �ight basic principle of opera-
tion and acquisition of the organisms’ spectrum. (Image provided by bioMérieux, Inc., St. Louis, MO.)
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wavelength is focused on the reaction mixture and a special 
kind of photometer, a �uorometer, measures �uorescence.�

Turbidity
�5�V�S�C�J�E�J�U�Z �N�F�B�T�V�S�F�N�F�O�U�T �B�S�F �O�P�U �D�P�N�N�P�O�M�Z �V�T�F�E �G�P�S �C�B�D-
terial identi�cations but do have widespread application 
for determining growth in the presence of speci�c growth 
inhibitors, including antimicrobial agents, and for detecting 
bacteria present in certain clinical specimens.

�5�V�S�C�J�E�J�U�Z �J�T �U�I�F �B�C�J�M�J�U�Z �P�G �Q�B�S�U�J�D�M�F�T �J�O �T�V�T�Q�F�O�T�J�P�O �U�P �S�F�G�S�B�D�U 
and de�ect light rays passing through the suspension such that 
the light is re�ected back into the eyes of the observer. �e 
optical density (OD), a measurement of turbidity, is deter-
mined in a spectrophotometer. �is instrument compares 
the amount of light that passes through the suspension (the 
percent transmittance) with the amount of light that passes 
through a control suspension without particles. A photoelec-
tric sensor, or photometer, converts the light that impinges 
on its surface to an electrical impulse, which can be quanti-
�ed. A second type of turbidity measurement is obtained by 
nephelometry, or light scatter. In this case, the photometers 
are placed at angles to the suspension, and the scattered light, 
generated by a laser or incandescent bulb is measured. �e 
amount of light scattered depends on the number and size of 
the particles in suspension.�

Analysis of Metabolic Profiles
�e metabolic pro�le obtained with a particular bacterial 
isolate is essentially the phenotypic �ngerprint, or signature, 
�P�G �U�I�B�U �P�S�H�B�O�J�T�N�� �5�Z�Q�J�D�B�M�M�Z�
 �U�I�F �Q�S�P�ë�M�F �J�T �S�F�D�P�S�E�F�E �B�T �B �T�F�S�J�F�T 
of pluses (+) for positive reactions and minuses (�) for nega-
tive or nonreactions (Fig. 7.20). Although this pro�le by 
itself provides little information, powerful data systems can 

compare the pro�le with an extensive identi�cation data-
base to establish the identity of that speci�c isolate.

Identification Databases
Reference databases are available for clinical use. �ese data-
bases are maintained by manufacturers of identi�cation systems 
and are based on the continuously updated taxonomic status of 
clinically relevant bacteria. Although microbiologists typically 
do not establish and maintain their own databases, an overview 
of the general approach provides background information.

�e �rst step in developing a database is to accumulate 
many bacterial strains of the same species. Each strain is 
inoculated to an identical battery of metabolic tests to gen-
erate a positive-negative test pro�le. �e cumulative results 
of each test are expressed as a percentage of each genus or 
species that possesses that characteristic. For example, sup-
pose that 100 di�erent known E. coli strains and 100 known 
Shigella spp. strains are tested in four biochemicals, yielding 
the results illustrated in �5�B�C�M�F ������. In reality, many more 
strains and tests would be performed. However, the prin-
�D�J�Q�M�F�‰�U�P �H�F�O�F�S�B�U�F �B �E�B�U�B�C�B�T�F �G�P�S �F�B�D�I �T�Q�F�D�J�F�T �U�I�B�U �D�P�O�U�B�J�O�T 
the percentage probability for a positive result with each test 
�J�O �U�I�F �C�B�U�U�F�S�Z�‰�J�T �U�I�F �T�B�N�F��

Manufacturers develop databases for each of the iden-
ti�cation systems they produce for diagnostic use (e.g., 
Enterobacterales, gram-positive cocci, nonfermentative GN 
bacilli). Because the data are based on organism “behavior” 
in a particular commercial system, the databases cannot and 
should not be applied to interpret pro�les obtained by other 
testing methods.

Furthermore, most databases are established with the 
assumption that the isolate to be identi�ed has been appro-
priately characterized using adjunctive tests. For example, 
if a S. aureus isolate is mistakenly tested using a system for  
identi�cation of Enterobacterales, the database will not iden-
tify the gram-positive cocci, because the results obtained 
will only be compared with data available for enteric bacilli. 
�is underscores the importance of accurately perform-
ing preliminary tests and observations, such as colony and 
Gram stain morphologies, before selecting a particular iden-
ti�cation battery.�

�t Fig. �.��   bioMérieux vitek MS (MALDI-TOF) identi�cation system. 
(Image provided by bioMérieux, Inc., St. Louis, MO.)

�t Fig. �.��   Example of converting a metabolic pro�le to an octal pro�le 
for bacterial identi�cation. ONPG, Orthonitrophenyl galactoside.
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Use of the Database to Identify Unknown Isolates
Once a metabolic pro�le has been obtained with a bacte-
rial isolate of unknown identity, the pro�le must be con-
verted to a numeric code that will facilitate comparison of 
the unknown organism’s phenotypic �ngerprint with the 
appropriate database.

�5�P �F�Y�F�N�Q�M�J�G�Z �U�I�J�T �T�U�F�Q �J�O �U�I�F �J�E�F�O�U�J�ë�D�B�U�J�P�O �Q�S�P�D�F�T�T�
 �B �C�J�O�B�S�Z 
code conversion system that uses the numerals 0 and 1 to repre-
sent negative and positive metabolic reactions, respectively, is used 
as an example (although other strategies are now used). As shown 
in Fig. 7.20, using binary code conversion, a 21-digit binomial 
number (e.g., 101100001001101111010, as read from top to  
bottom in the �gure) is produced from the test result. �is num-
ber is then used in an octal code conversion scheme to produce a 
mathematic number (octal pro�le [Fig. 7.20]). �e octal pro�le 
number is used to generate a numerical pro�le distinctly related 
to a speci�c bacterial species. As shown in Fig. 7.20, the octal 
pro�le for the unknown organism is 5144572. �is pro�le 
would then be compared with database pro�les to determine the 
most likely identity of the organism. In this example, the octal 
pro�le indicates the unknown organism is E. coli.

Con�dence in Identi�cation
Once metabolic pro�les have been translated into numeric 
scores, the probability that a correct correlation with the 
�E�B�U�B�C�B�T�F �I�B�T �C�F�F�O �N�B�E�F �N�V�T�U �C�F �F�T�U�B�C�M�J�T�I�F�E�‰�U�I�B�U �J�T�
 �I�P�X 
con�dent the laboratorian can be that the identi�cation is 
correct. �is is accomplished by establishing the percentage 
probability, which is usually provided as part of most com-
mercially available identi�cation database schemes.

For example, unknown organism X is tested against the four 
biochemicals listed in �5�B�C�M�F ������ and yields results as follows: 
lactose (+), sucrose (+), indole (�), and ornithine (+). Based on 
the results of each test, the percentage of known strains in the 
database that produced positive results are used to calculate the 
percentage probability that strain X is a member of one of the 
two genera (Escherichia or Shigella) given in the example (�5�B�C�M�F 
7.4). �erefore, if 91% of Escherichia spp. are lactose-positive 
(�5�B�C�M�F ������), the probability that X is a species of Escherichia 
based on lactose alone is 0.91. If 38% of Shigella spp. are indole 
positive (�5�B�C�M�F ������), then the probability that X is a species of 
Shigella based on indole alone is 0.62 (1.00 [all Shigella] � 0.38 
[percent positive Shigella] = 0.62 [percent of all Shigella that 
are indole negative]). �e probabilities of the individual tests 
are then multiplied to achieve a calculated likelihood that X is 
one of these two genera. In this example, X is more likely to be 
a species of Escherichia, with a probability of 357:1 (1 divided 
by 0.0028; �5�B�C�M�F ������). �is is still a very unlikely probability 
for correct identi�cation, but only four parameters were tested, 
and the indole result was atypical. As more parameters are 
added to the formula, the importance of just one test decreases, 
and the overall pattern prevails.

With many organisms being tested for 20 or more reac-
tions, computer-generated databases provide the probabili-
ties. As more organisms are included in the database, the 
genus and species designations and probabilities become 
more precise. In addition, with more pro�les in a database, 
the unusual patterns can be more readily recognized and, in 
some cases, new or unusual species may be discovered.

�e most common commercial suppliers of multicompo-
nent identi�cation systems are driven by patent information 
technology and data management systems that automati-
cally provide analysis and outcome of the metabolic process 
and identi�cation.�

Commercial Identification Systems and 
Automation

Advantages and Examples of Commercial 
System Designs

Commercially available identi�cation systems have 
replaced compilations of conventional test media and 

  � Generation and Use of Genus-Identi�cation Database Probability: Probability That Unknown Strain X Is a 
Member of a Known Genus Based on Results of Each Individual Parameter Tested

Biochemical Parameter

Organism Lactose Sucrose Indole Ornithine

X + + � +

Escherichia spp. 0.91 0.49 0.01 0.63

Shigella spp. 0.01 0.01 0.62 0.20

Probability that X is Escherichia = 0.91 × 0.49 × 0.01 × 0.63 = 0.002809.
Probability that X is Shigella = 0.01 × 0.01 × 0.62 × 0.20 = 0.000012.

TABLE 
7.4 

  � Generation and Use of Genus-Identi�cation 
Database Probability: Percentage of Positive 
Reactions for 100 Known Strains

Biochemical Parameter

Organism Lactose Sucrose Indole Ornithine

Escherichia 
spp.

91 49 99 63

Shigella 
spp.

1 1 38 20

TABLE 
7.3 
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substrates prepared in-house for bacterial identi�cation. 
�is replacement has mostly come about because the 
design of commercial systems has continuously evolved to 
maximize the speed and optimize the convenience with 
which all four identi�cation components can be achieved. 
Because laboratory workload has increased and the 
quali�ed workforce continues to decrease, conventional 
�N�F�U�I�P�E�P�M�P�H�J�F�T �I�B�W�F �I�B�E �E�J�ï�D�V�M�U�Z �D�P�N�Q�F�U�J�O�H �X�J�U�I �U�I�F 
advantages of convenience and updated databases o�ered 
by commercial systems.

Some of the simplest multitest commercial systems con-
sist of a conventional format that can be inoculated once 
to yield more than one result. By combining reactants, for 
example, one substrate can be used to determine indole and 
nitrate results; indole and motility results; motility, indole, 
and ornithine decarboxylase; or other combinations. Alter-
natively, conventional tests have been assembled in smaller 
volumes and packaged so that they can be inoculated eas-
ily with one manipulation instead of several. When used 
in conjunction with a computer-generated database, species 
identi�cations are made relatively easily.

Another approach is to have substrates dried in plastic 
cupules that are arranged in series on strips into which a sus-
pension of the test organism is placed (Fig. 7.21). For some 
of these systems, use of a heavy inoculum or use of sub-
strates with a utilization that is not dependent on extended 
bacterial multiplication allows results to be available after 4 
to 6 hours of incubation.

Still other identi�cation battery formats have been 
designed to more fully automate several aspects of the iden-
ti�cation process. One example is the use of “cards” that are 
substantially smaller than most microtiter trays or cupule 
strips (Fig. 7.21). Analogous to the microtiter tray format, 
these cards contain dried substrates in tiny wells that are 
suspended upon inoculation.

Commercial systems are often categorized as either 
automated or manual. Various aspects of an identi�ca-
tion system can be automated, and these usually include, 
in whole or in part, specimen processing, the inoculation 
steps, the incubation, the preliminary plate reading and 
the reading of biochemical tests, and the analysis of results. 
Automated specimen processing includes agitation, cen-
trifugation, and using sediment for inoculation. Auto-
mated systems are capable of producing smears and sorting 
primary culture media into CO2 or aerobic atmospheres. 
Following placement in the appropriate incubator, the 
automated systems monitor growth on individual plates 
using digital imaging. Computer workstations are used 
to view images to select colonies for identi�cation and 
characterization without removing the culture plates from 
the incubator. �e automated systems permit the labora-
tory to determine algorithms for the automatic discard of 
growth or no-growth cultures, as well as the simultaneous 
comparison of multiple cultures from a single patient. �e 
advantages of automation in the microbiology laboratory 
include the ability to standardize and process liquid-based 

Test
results
(� or +)

Binary code
conversion

(0 or 1)

Octal code conversion*

Octal
value 

Octal
score

Octal triplet
total

Octal
profile Test/ substrate

1    ONPG
2    Arginine dihydrolase
3    Lysine decarboxylase
 4    Ornithine decarboxylase
5    Citrate utilization
6    H2S production

7    Urea hydrolysis
8    Tryptophane deaminase
9    Indole production

10    VP test
11    Gelatin hydrolysis
12    Glucose fermentation

13    Mannitol fermentation
14    Inositol fermentation
15    Sorbitol fermentation

16    Rhamnose fermentation
17    Sucrose fermentation
18    Melibiose fermentation

19    Amygdalin fermentation
20    Arabinose fermentation
21    Oxidase production

+ 1 × 1
� 0 × 2 5
+ 1 × 4

+ 1 × 1
� 0 × 2 1
� 0 × 4

� 0 × 1
� 0 × 2 4
+ 1 × 4

� 0 × 1
� 0 × 2 4 5144572

(E. coli )+ 1 × 4

+ 1 × 1
� 0 × 2 5
+ 1 × 4

+ 1 × 1
+ 1 × 2 7
+ 1 × 4

� 0 × 1
+ 1 × 2 2
� 0 × 4

1
0
4

1
0
0

0
0
4

0
0
4

1
0
4

1
2
4

0
2
0

*As derived from API 20E (bioMérieux, Inc.) for identification of Enterobacterales.

�t Fig. �.��   Biochemical test panel. The test results obtained with the substrates in each cupule are recorded, 
and an organism identi�cation code is calculated by octal code conversion on the form provided. The octal 
pro�le obtained then is matched with an extensive database to establish organism identi�cation. ONPG, 
Orthonitrophenyl galactoside; VP, Voges Proskauer. (API; bioMérieux, Inc., St. Louis, MO.)
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�t Fig. �.��   Copan WASPLabTM microbiology system. (Photo courtesy of Beckman Coulter, Inc.; Brea, CA.)

specimens. �e Copan WASPLab�5�.  Microbiology System 
is a customizable specimen processor that sets up the cul-
tures, incubates them, and produces high-quality images 
for review (Fig. 7.22). A variety of samples such as tis-
sues, bone, and catheter tips cannot be processed in an 
automated system. Furthermore, regardless of the lack 
or level of automation, the selection of a cultivation and 
identi�cation system ultimately depends on system accu-
racy and reliability, whether the system meets the needs 
of the laboratory, and limitations imposed by laboratory 
�nancial resources. Microbiology laboratory automation 
�I�B�T �E�F�N�P�O�T�U�S�B�U�F�E �B�O �B�W�F�S�B�H�F �S�F�E�V�D�U�J�P�O �J�O �T�U�B�ï�O�H �O�F�F�E�T 
�F�R�V�J�W�B�M�F�O�U �U�P ������ �'�5�& �	�G�V�M�M �U�J�N�F �F�R�V�J�W�B�M�F�O�U�
��

Despite the technological advances of automated speci-
men processing, plating, and identi�cation systems, non-
automated platforms, kits, and assays are still needed for 
complex specimens, unusual pathogens, or fastidious organ-
isms that fail to grow. In addition, some clinical isolates of 
microorganisms may produce a bio�lm or be too viscous for 
the automated instrument, resulting in a failed attempt at 
identi�cation. �e complexity of microbial identi�cation, 
despite automation, still requires the knowledge and under-
standing of the microorganism’s physiology, genomics, and 
growth characteristics, as well as laboratory testing methods, 
identi�cation schemes, and limitations in order to correlate 

automated results and reactions to ensure proper patient 
care and treatment.

 Visit the Evolve site for a complete list of procedures, 
review questions, and case studies.
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Chapter Review
	 1.	� BCYE is an example of which type of media?
	 a.	� Enrichment media
	 b.	� Supportive media
	 c.	� Combination of selective and enrichment media
	 d.	� Di�erential media
	 2.	� CNA media with blood is an example of which type(s) 

of media?
	 a.	� Enrichment only
	 b.	� Supportive only
	 c.	� Combination of selective and di�erential
	 d.	� Combination of selective and supportive
	 3.	� Which type of enrichment media is used to isolate 

Neisseria and Haemophilus organisms?
	 a.	� HE agar
	 b.����5�P�E�E���)�F�X�J�U�U �C�S�P�U�I
	 c.	� Regan Lowe agar
	 d.	� Chocolate agar
	 4.	� XLD agar:
	 a.	� Inhibits many GN bacilli that are not enteric 

pathogens
	 b.	� Inhibits gram-positive organisms
	 c.	� Contains a phenol red indicator that detects 

increased acidity from carbohydrate
	 d.	� Detects fermentation
	 e.	� All of the above
	 5.	� �e complete clearing of media around bacterial colo-

nies on a BA plate is referred to as:
	 a.	� Alpha-hemolysis
	 b.	� Beta-hemolysis
	 c.	� Gamma-hemolysis
	 d.	� Delta-hemolysis
	 6.	� What CO2 concentration is achieved when using a 

candle jar?
	 a.	� 1%
	 b.	� 3%
	 c.	� 6%
	 d.	� 9%
	 7.	� �e following are all bacterial phenotypic characteris-

tics except:
	 a.	� Microscopic morphology and staining characteristics
	 b.	� Environmental requirements for growth
	 c.	� Nutritional requirements and metabolic capabilities
	 d.	� �e presence of a particular nucleic acid sequence
	 8.	� What is the number of bacteria needed to cause tur-

bidity in broth culture and to be seen with an unaided 
eye?

	 a.	� 102 organisms
	 b.	� 104 organisms
	 c.	� 106 organisms
	 d.	� 108 organisms
	 9.	� A clinical isolate was plated to sheep blood, MacConkey, 

and chocolate agars and incubated at 37°C for 24 hours. 
�e initial plate reading identi�ed medium-sized, gamma-
hemolytic, shiny gray colonies on sheep BA; small pink 

colonies on MacConkey agar; and medium-sized, tan, 
shiny colonies on chocolate agar. �e most likely next 
action for the microbiologist is:

	 a.	� Identify the two di�erent organisms that are grow-
ing on the plates as indicated by the size di�erences 
on the agar.

	 b.	� Identify the single likely GN lactose fermenter as 
evidenced by the combined colonial morphology.

	 c.	� Report as normal microbiota without a further bio-
chemical identi�cation.

	 d.	� Reinoculate the isolate from the blood and the 
MacConkey agar plates to two more sets of primary 
media to provide a better preliminary identi�cation 
of the isolate.

	10.	� True or False
_____ Selective media contain one or more agents 

that are inhibitory to most organisms except those 
being sought.

_____ �ayer-Martin media support exclusive growth 
of the two pathogenic organisms, N. meningitidis 
and Haemophilus in�uenza.

_____ Most clinically signi�cant GN bacteria are sus-
ceptible to the antibiotic vancomycin.

_____ Any zone of bacterial growth inhibition around 
a vancomycin-impregnated disk indicates that the 
bacteria are resistant to the drug.

	11.	� Matching: Match each term with the correct description.

____ fastidious 
organisms

____ in�vivo
____ oxidase negative
____ in�vitro
____ microaerophilic
____ capnophilic
____ catalase
____ facultatively 

anaerobic
____ oxidase
____ PYR
____ indole

	a.	� bacteria requiring 
increased levels of 
CO2

	b.	� bacteria requiring 
low levels of O2

	c.	� arti�cial laboratory 
environment

	d.	� catalyzes the release 
of water and O2 from 
hydrogen peroxide

	e.	� within a living 
organism

	f.	� complex nutritional 
needs

	g.	� identi�cation of 
Enterobacterales

	h.	� positive reaction in 
E. coli

	i.	� positive reaction 
in identi�cation of 
Neisseria spp.

	j.	� grows in presence or 
absence of O2

	k.	� used to di�erentiate 
gram-positive cocci
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	12.	� Short Answer
	 (1)	�What is a biphasic medium, and how is it used?
	 (2)	�__________ is inhibitory or lethal for strictly 

anaerobic bacteria.
	 (3)	�What is the main purpose for using a solid culture 

medium that will meet the bacterial cell growth 
requirements?

	 (4)	�What is an example of bacterial pathogens that are 
classi�ed as obligate intracellular parasites, requir-
ing viable host cells for propagation?

	 (5)	�Following growth of bacteria on arti�cial media, 
what is the �rst and most important step for bacte-
rial identi�cation and characterization?

	 (6)����-�B�D�L �P�G �T�V�ï�D�J�F�O�U �X�B�U�F�S �G�S�P�N �N�F�E�J�B �J�T �E�F�M�F�U�F�S�J�P�V�T 
to bacterial growth in what two ways?

	 (7)	�Most clinically relevant bacteria can be divided 
into four groups based on their Gram stain appear-
ance; what are these four groups? What does the 
term pleomorphic mean?
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limitations associated with the use of phenotypic meth-
ods include:
���t����*�O�B�C�J�M�J�U�Z �P�S �B�O �F�Y�U�F�O�T�J�W�F �E�F�M�B�Z �J�O �D�V�M�U�J�W�B�U�J�P�O �B�O�E �J�E�F�O�U�J�ë-

cation of fastidious or slowly growing bacteria
���t����*�O�B�C�J�M�J�U�Z �U�P �N�B�J�O�U�B�J�O �W�J�B�C�J�M�J�U�Z �P�G �D�F�S�U�B�J�O �Q�B�U�I�P�H�F�O�T �E�V�S-

ing transport of specimens to the laboratory
���t����-�B�D�L �P�G �S�F�M�J�B�C�M�F �B�O�E �T�Q�F�D�J�ë�D �N�F�U�I�P�E�T �U�P �J�E�F�O�U�J�G�Z �D�F�S�U�B�J�O 

organisms grown in�vitro
���t����6�T�F �P�G �D�P�O�T�J�E�F�S�B�C�M�F �U�J�N�F �B�O�E �P�U�I�F�S �S�F�T�P�V�S�D�F�T �U�P �J�E�F�O�U�J�G�Z 

�B�O�E �D�P�O�ë�S�N �U�I�F �Q�S�F�T�F�O�D�F �P�G �Q�B�U�I�P�H�F�O�T �J�O �T�Q�F�D�J�N�F�O�T 
using culture-based methods
Molecular methods used to identify organisms in the 

diagnostic microbiology laboratory o�er alternatives to the 
culture-based, phenotypic strategies discussed in Chapter 7 
and have evolved to overcome several of the aforementioned 
limitations. Molecular methods involve the detection and 
�N�B�O�J�Q�V�M�B�U�J�P�O �P�G �O�V�D�M�F�J�D �B�D�J�E�T �	�E�F�P�Y�Z�S�J�C�P�O�V�D�M�F�J�D �B�D�J�E �<�%�/�"�> 
�B�O�E �S�J�C�P�O�V�D�M�F�J�D �B�D�J�E �<�3�/�"�>�
�
 �B�M�M�P�X�J�O�H �N�J�D�S�P�C�J�B�M �H�F�O�F�T �U�P 
�C�F �F�Y�B�N�J�O�F�E �E�J�S�F�D�U�M�Z �	�J���F���
 �H�F�O�P�U�Z�Q�J�D �N�F�U�I�P�E�T�
 �S�B�U�I�F�S �U�I�B�O 
by analysis of their products, such as enzymes, other pro-
�U�F�J�O�T�
 �B�O�E �U�P�Y�J�O�T�
 �P�S �J�E�F�O�U�J�ë�B�C�M�F �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �P�G �P�S�H�B�O�J�T�N 
�H�S�P�X�U�I �	�J���F���
 �Q�I�F�O�P�U�Z�Q�J�D �N�F�U�I�P�E�T�
�� �#�F�D�B�V�T�F �O�V�D�M�F�J�D �B�D�J�E�T �B�S�F 
essential for the viability of all infectious agents, molecular 
methods are adaptable for the detection of viral, fungal, and 
parasitic pathogens, in addition to bacterial microorgan-
isms. Key applications of molecular diagnostics in clinical 
microbiology include the qualitative and quantitative detec-
tion of pathogenic organisms in patient specimens, micro-
bial identity testing after culture, negative validation testing, 
and genotyping for antimicrobial drug resistance. However, 
as with phenotypic methods, molecular methods also have 
limitations that include:
���t����h�F �M�F�W�F�M �P�G �B�T�T�B�Z �T�Q�F�D�J�ë�D�J�U�Z �B�O�E �T�F�O�T�J�U�J�W�J�U�Z�� �B�M�U�I�P�V�H�I 

�N�V�M�U�J�Q�M�F�Y �B�T�T�B�Z�T �D�B�O �C�F �V�T�F�E �G�P�S �U�I�F �J�E�F�O�U�J�ë�D�B�U�J�P�O �P�G 
pathogens in clinical syndromes, they are less sensitive 
�U�I�B�O �N�P�O�P�Q�M�F�Y �N�F�U�I�P�E�T��

���t����1�P�U�F�O�U�J�B�M �G�P�S �D�P�O�U�B�N�J�O�B�U�J�P�O �B�O�E �G�B�M�T�F �Q�P�T�J�U�J�W�F �S�F�T�V�M�U�T �E�V�F 
to environmental and clinical factors.

���t����-�F�W�F�M �P�G �D�P�N�Q�M�F�Y�J�U�Z �G�P�S �U�I�F �J�N�Q�M�F�N�F�O�U�B�U�J�P�O �P�G �B�E�W�B�O�D�F�E 
testing methodologies and shortage of trained personnel.

���t����%�J�T�D�S�J�N�J�O�B�U�P�S�Z �Q�S�P�Q�F�S�U�J�F�T�� �T�P�N�F �P�S�H�B�O�J�T�N�T �D�B�O�O�P�U �C�F 
�G�V�M�M�Z �J�E�F�O�U�J�ë�F�E �U�P �U�I�F �T�Q�F�D�J�F�T �M�F�W�F�M �C�B�T�F�E �P�O �U�I�F �M�B�D�L �P�G 
information and genetic relatedness in the sequences 
used for characterization.

���t����$�P�T�U �P�G �U�I�F �U�F�T�U�J�O�H �J�T �Q�S�P�I�J�C�J�U�P�S�Z �G�P�S �N�B�O�Z �M�B�C�P�S�B�U�P�S�J�F�T 
and is increasing health care costs for the patient and 
insurer.

���t����-�B�D�L �P�G �T�U�B�O�E�B�S�E�J�[�B�U�J�P�O �J�O �F�Y�U�S�B�D�U�J�P�O �N�F�U�I�P�E�T�
 �O�V�D�M�F�J�D 
acid targets, and specimens across platforms and manu-
facturer’s or laboratory developed tests.

���t����0�W�F�S�V�T�F �J�O �T�P�N�F �J�O�T�U�B�O�D�F�T �G�P�S �S�P�V�U�J�O�F �E�J�B�H�O�P�T�U�J�D �U�F�T�U�J�O�H 
in lieu of culture-based methods has had a detrimental 
e�ect on public health information and epidemiologi-
cal studies needed to monitor the development of novel 
strains and antibiotic susceptibility patterns.
In the past several decades, the use of molecular testing in 

�U�I�F �D�M�J�O�J�D�B�M �M�B�C�P�S�B�U�P�S�Z �I�B�T �E�S�B�N�B�U�J�D�B�M�M�Z �F�Y�Q�B�O�E�F�E �X�J�U�I �U�I�F 

availability of lower-cost instrumentation, automated sys-
tems that enable high-throughput testing, and an increasing 
menu of commercially available reagents and kits for patho-
�H�F�O �E�F�U�F�D�U�J�P�O�� �.�P�S�F �S�F�D�F�O�U�M�Z�
 �G�V�M�M�Z �B�V�U�P�N�B�U�F�E �N�V�M�U�J�Q�M�F�Y 
systems have emerged to detect 20+ pathogens from a single 
specimen within a few hours or less. With the evolution of 
these technologies and the high-content information pro-
vided, molecular techniques have become a mainstay in the 
detection and diagnosis of infectious diseases in an attempt 
to enhance, or even replace, many of the phenotypic meth-
ods once widely used in the clinical laboratory. Advance-
ments in molecular methods including whole genome 
�T�F�R�V�F�O�D�J�O�H �D�P�O�U�J�O�V�F �U�P �F�W�P�M�W�F�� �h�F�T�F �U�F�D�I�O�J�R�V�F�T �Q�S�P�W�J�E�F 
�U�I�F �J�E�F�O�U�J�ë�D�B�U�J�P�O �B�O�E �D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �P�G �T�J�O�H�M�F �N�J�D�S�P�C�J�B�M 
pathogens and can be used to characterize polymicrobial 
populations of organisms on the human body referred to as 
the microbiome (Chapter 3�
��

�h�J�T �D�I�B�Q�U�F�S �E�J�T�D�V�T�T�F�T �U�I�F �H�F�O�F�S�B�M �Q�S�J�O�D�J�Q�M�F�T�
 �U�F�D�I�O�J�R�V�F�T�
 
and applications of molecular diagnostics in the clinical lab-
�P�S�B�U�P�S�Z�� �*�U �J�T �J�O�U�F�O�E�F�E �U�P �C�F �B�O �P�W�F�S�W�J�F�X�� �B�E�E�J�U�J�P�O�B�M �N�F�U�I-
ods are included in upcoming chapters.

Overview of Nucleic Acid–Based Methods

Molecular diagnostic tests are based on the consistent and 
�T�P�N�F�X�I�B�U �Q�S�F�E�J�D�U�B�C�M�F �O�B�U�V�S�F �P�G �%�/�" �B�O�E �3�/�"�� �U�I�F�S�F�G�P�S�F�
 
a basic knowledge regarding the structure of nucleic acids 
and their composition is essential for understanding nucleic 
acid-based methods. A review of the section Nucleic Acid 
Structure and Organization in Chapter 2 is recommended.

�h�F �O�V�D�M�F�J�D �B�D�J�E�o�C�B�T�F�E �N�F�U�I�P�E�T �J�O�D�M�V�E�F�E �J�O �U�I�J�T �D�I�B�Q�U�F�S 
�B�S�F �D�M�B�T�T�J�ë�F�E �J�O�U�P �P�O�F �P�G �U�I�S�F�F �D�B�U�F�H�P�S�J�F�T�� �	���
 hybridization, 
�	���
 ampli�cation,  �B�O�E �	���
 sequencing and enzymatic 
digestion of nucleic acids. Considerations for specimen 
collection, transport, and initial processing before nucleic 
�B�D�J�E�o�C�B�T�F�E �U�F�T�U�J�O�H �J�T �B�M�T�P �E�J�T�D�V�T�T�F�E��

Specimen Collection and Transport

Proper specimen collection, transport, and processing are 
essential in all areas of the diagnostic laboratory to ensure 
accurate results. Nucleic acids for molecular testing can be 
isolated from bacterial, parasitic, viral, and fungal pathogens 
found in a wide variety of specimen types from virtually any 
anatomic site, such as blood, urine, sputum, swabs, and tis-
�T�V�F�T�� �h�F �R�V�B�M�J�U�Z �B�O�E �R�V�B�O�U�J�U�Z �P�G �U�I�F �T�Q�F�D�J�N�F�O �J�T �F�T�T�F�O�U�J�B�M 
to obtaining an accurate result and must be matched to the 
molecular diagnostic technique that is clinically relevant in 
relationship to the patient’s disease state.

�6�O�M�J�L�F �U�S�B�E�J�U�J�P�O�B�M �D�V�M�U�V�S�F�
 �O�V�D�M�F�J�D �B�D�J�E�o�C�B�T�F�E �U�F�T�U�J�O�H 
does not always require the detection of viable or intact 
organisms. However, maintaining the integrity of the 
nucleic acids within the sample is of utmost importance, 
�C�F�D�B�V�T�F �%�/�" �B�O�E �3�/�" �B�S�F �J�O�I�F�S�F�O�U�M�Z �T�F�O�T�J�U�J�W�F �U�P �E�F�H�S�B�E�B-
tion by endogenous nucleases present in specimens. Factors 
that may a�ect the integrity of the sample include specimen 
type, specimen collection device, and timing of collection 
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�B�O�E �U�S�B�O�T�Q�P�S�U�
 �B�O�E �T�U�P�S�B�H�F �D�P�O�E�J�U�J�P�O�T�� �'�P�S �F�Y�B�N�Q�M�F�
 �Q�M�B�T�U�J�D 
swabs are recommended for collection of bacteria, viruses, 
�B�O�E �N�Z�D�P�Q�M�B�T�N�B�T �G�S�P�N �N�V�D�P�T�B�M �N�F�N�C�S�B�O�F�T�� �h�F �P�S�H�B�O-
isms are more easily removed from the plastic shafts than 
�G�S�P�N �P�U�I�F�S �N�B�U�F�S�J�B�M�T �T�V�D�I �B�T �X�P�P�E�F�O �T�I�B�G�U�T �P�S �X�J�S�F�� �h�J�T 
provides an increase in nucleic acid yield, thereby increas-
ing analytical sensitivity of the molecular test. In addition, 
calcium alginate swabs with aluminum shafts have been 
�S�F�Q�P�S�U�F�E �U�P �J�O�U�F�S�G�F�S�F �X�J�U�I �U�I�F �B�N�Q�M�J�ë�D�B�U�J�P�O �P�G �O�V�D�M�F�J�D �B�D�J�E�T�� 
Most molecular test kits include transport containers that 
�D�P�O�U�B�J�O �M�J�R�V�J�E �ë�Y�B�U�J�W�F�T�
 �O�V�D�M�F�B�T�F �J�O�I�J�C�J�U�P�S�T�
 �B�O�E���P�S �M�Z�T�J�O�H 
agents to improve nucleic acid isolation and improve yield 
from specimens that contain cellular debris or other con-
taminants. In molecular diagnostics, it is essential that the 
specimen be collected and stored in the recommended con-
tainer or medium as indicated by the manufacturer of each 
individual assay.�

Nucleic Acid Hybridization Methods

Hybridization methods are based on the ability of two 
nucleic acid strands with complementary base sequences 

�U�P �C�P�O�E �T�Q�F�D�J�ë�D�B�M�M�Z �X�J�U�I �F�B�D�I �P�U�I�F�S �B�O�E �G�P�S�N �B �E�P�V�C�M�F��
stranded molecule, also called a duplex or hybrid. �h�J�T 
�E�V�Q�M�F�Y �G�P�S�N�B�U�J�P�O �J�T �E�S�J�W�F�O �C�Z �U�I�F �I�Z�E�S�P�Q�I�P�C�J�D �T�U�S�V�D�U�V�S�F 
and hydrogen bonding pattern of the nucleotides, which 
ensure that, in DNA, the base adenine always bonds to 
�U�I�Z�N�J�O�F �	�" �� �5�� �U�X�P �I�Z�E�S�P�H�F�O �C�P�O�E�T�
�
 �X�I�F�S�F�B�T �U�I�F �C�B�T�F�T 
guanine and cytosine (G �  �(�� �U�I�S�F�F �I�Z�E�S�P�H�F�O �C�P�O�E�T�
 �B�M�X�B�Z�T 
form a bonding pair (Fig. 2.2�
�� �*�O �3�/�"�
 �U�I�F �T�B�N�F �C�B�T�F �Q�B�J�S-
ing rules follow for guanine and cytosine, but uracil replaces 
�U�I�Z�N�J�O�F �U�P �G�P�S�N �B �C�B�T�F �Q�B�J�S �X�J�U�I �B�E�F�O�J�O�F �	�" �� �6�
��

To identify the presence of an organism suspected of caus-
�J�O�H �E�J�T�F�B�T�F�
 �I�Z�C�S�J�E�J�[�B�U�J�P�O �B�T�T�B�Z�T �S�F�M�Z �V�Q�P�O �E�V�Q�M�F�Y �G�P�S�N�B�U�J�P�O 
�C�F�U�X�F�F�O �U�X�P �O�V�D�M�F�J�D �B�D�J�E �T�U�S�B�O�E�T�� �P�O�F �T�U�S�B�O�E �	�U�I�F probe�
 
consists of a reporter-labeled nucleic acid molecule that is 
complementary to a nucleic acid target of a suspected patho-
�H�F�O�� �h�F �D�B�S�F�G�V�M�M�Z �E�F�T�J�H�O�F�E �B�O�E �Q�S�F���T�Z�O�U�I�F�T�J�[�F�E �Q�S�P�C�F �J�T 
�N�J�Y�F�E �X�J�U�I �O�V�D�M�F�J�D �B�D�J�E�T �Q�V�S�J�ë�F�E �G�S�P�N �U�I�F �Q�B�U�J�F�O�U �T�Q�F�D�J�N�F�O 
(target �O�V�D�M�F�J�D �B�D�J�E�T�
�� �*�G �O�V�D�M�F�J�D �B�D�J�E�T �G�S�P�N �U�I�F �T�V�T�Q�F�D�U�F�E 
�Q�B�U�I�P�H�F�O �B�S�F �Q�S�F�T�F�O�U �J�O �U�I�F �Q�B�U�J�F�O�U �T�Q�F�D�J�N�F�O�
 �B �%�/�" �E�V�Q�M�F�Y 
will form between the probe and target molecule, result-
ing in a positive hybridization signal (�'�J�H�� �������
�� �" �O�F�H�B�U�J�W�F 
hybridization test result indicates that the organism being 
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known sequence)A
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or
detected

Unknown organism
not identified
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�t Fig. �.�   Principles of nucleic acid hybridization. Identi�cation of an unknown organism is established by 
positive hybridization (i.e., duplex formation) between a nucleic acid strand from the known sequence (i.e., 
the probe) and a target nucleic acid strand from the organism to be identi�ed. Failure to hybridize indicates 
lack of homology between the probe and the target nucleic acid.
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tested for is either not present or below the limit of detec-
tion for the hybridization test.

�4�J�O�H�M�F���T�U�S�B�O�E�F�E �O�V�D�M�F�J�D �B�D�J�E �Q�S�P�C�F�T �N�B�Z �C�F �F�J�U�I�F�S �3�/�" 
�P�S �%�/�"�� �U�I�F�S�F�G�P�S�F�
 �%�/�"���%�/�"�
 �%�/�"���3�/�"�
 �B�O�E �F�W�F�O 
�3�/�"���3�/�" �E�V�Q�M�F�Y�F�T �N�B�Z �G�P�S�N �E�F�Q�F�O�E�J�O�H �P�O �U�I�F �T�Q�F�D�J�ë�D 
design of the hybridization assay. Hybridization assays 
�N�B�Z �C�F �D�M�B�T�T�J�ë�F�E �B�T �F�J�U�I�F�S �O�P�O�B�N�Q�M�J�ë�F�E �P�S �B�N�Q�M�J�ë�F�E�� �" 
�O�P�O�B�N�Q�M�J�ë�F�E �B�T�T�B�Z �S�F�R�V�J�S�F�T �G�P�V�S �C�B�T�J�D �T�U�F�Q�T�� �T�F�M�F�D�U�J�P�O �P�G �B 
�Q�S�P�C�F�
 �Q�S�F�Q�B�S�B�U�J�P�O �	�Q�V�S�J�ë�D�B�U�J�P�O�
 �P�G �U�I�F �U�F�T�U �T�B�N�Q�M�F �	�O�V�D�M�F�J�D 
�B�D�J�E�
�
 �I�Z�C�S�J�E�J�[�B�U�J�P�O�
 �B�O�E �T�J�H�O�B�M �E�F�U�F�D�U�J�P�O�� �"�N�Q�M�J�ë�F�E �B�T�T�B�Z�T 
include an additional step, whereby initial hybridization is 
�G�P�M�M�P�X�F�E �C�Z �U�B�S�H�F�U �B�N�Q�M�J�ë�D�B�U�J�P�O�
 �B�O�E �U�I�F�O �C�Z �T�J�H�O�B�M �E�F�U�F�D-
�U�J�P�O�� �"�T �T�V�D�I�
 �B�N�Q�M�J�ë�F�E �B�T�T�B�Z�T �B�S�F �J�O�I�F�S�F�O�U�M�Z �N�P�S�F �T�F�O�T�J�U�J�W�F 
�U�I�B�O �O�P�O�B�N�Q�M�J�ë�F�E �B�T�T�B�Z�T �B�O�E�
 �X�I�F�O �P�Q�U�J�N�J�[�F�E�
 �D�B�O �E�F�U�F�D�U 
�B�T �G�F�X �B�T �P�O�F �D�P�Q�Z �P�G �B �T�Q�F�D�J�ë�D �O�V�D�M�F�J�D �B�D�J�E �T�F�R�V�F�O�D�F �J�O �U�I�F 
specimen.

Hybridization Steps and Components
�h�F �C�B�T�J�D �T�U�F�Q�T �J�O �B �I�Z�C�S�J�E�J�[�B�U�J�P�O �B�T�T�B�Z �J�O�D�M�V�E�F��
����������1�S�P�E�V�D�U�J�P�O �B�O�E �M�B�C�F�M�J�O�H �P�G �T�J�O�H�M�F���T�U�S�B�O�E�F�E �O�V�D�M�F�J�D �B�D�J�E 

probe
	2.	� Preparation of single-stranded target nucleic acid
����������.�J�Y�U�V�S�F �B�O�E �I�Z�C�S�J�E�J�[�B�U�J�P�O �P�G �U�B�S�H�F�U �B�O�E �Q�S�P�C�F �O�V�D�M�F�J�D 

acid
	4.	� Detection of hybridization

Production and Labeling of Nucleic Acid Probe
In keeping with the requirement of complementarity for 
hybridization, the probe design (i.e., probe length and the 
�T�F�R�V�F�O�D�F �P�G �O�V�D�M�F�J�D �B�D�J�E �C�B�T�F�T�
 �E�F�Q�F�O�E�T �P�O �U�I�F �T�F�R�V�F�O�D�F �P�G 
the intended target nucleic acid. Most clinically relevant 
pathogen sequences are known. Probes can be designed 
�U�P �S�F�D�P�H�O�J�[�F �V�O�J�R�V�F �T�Q�F�D�J�F�T���T�U�S�B�J�O���T�Q�F�D�J�ë�D �T�F�R�V�F�O�D�F�T �V�T�J�O�H 
public sequence databases such as the National Center for 
�#�J�P�U�F�D�I�O�P�M�P�H�Z �*�O�G�P�S�N�B�U�J�P�O �	�/�$�#�*�
 �B�O�E �D�V�T�U�P�N �Q�S�J�N�F�S 
design tools from companies like Integrated DNA Tech-
�O�P�M�P�H�J�F�T �	�*�%�5�
�� �'�V�S�U�I�F�S�N�P�S�F�
 �T�J�O�D�F �T�J�N�J�M�B�S�J�U�J�F�T �C�F�U�X�F�F�O 
�C�B�T�F �T�F�R�V�F�O�D�F�T �J�O �%�/�"���3�/�" �B�S�F �B�O �J�O�E�J�D�B�U�J�P�O �P�G �F�W�P�M�V-
�U�J�P�O�B�S�Z �S�F�M�B�U�J�P�O�T�I�J�Q�T �B�N�P�O�H �P�S�H�B�O�J�T�N�T �	�J���F���
 �I�P�N�P�M�P�H�Z�
 
hybridization probes can be designed to recognize common 
�T�F�R�V�F�O�D�F�T �V�T�J�O�H �I�J�H�I�M�Z �D�P�O�T�F�S�W�F�E �H�F�O�F�T���S�F�H�J�P�O�T �U�P �J�E�F�O�U�J�G�Z 
�D�M�P�T�F�M�Z �S�F�M�B�U�F�E �N�J�D�S�P�P�S�H�B�O�J�T�N�T�� �'�P�S �F�Y�B�N�Q�M�F�
 �J�G �B �Q�S�P�C�F �J�T �U�P 
be used to recognize only gram-positive bacteria, its nucleic 
acid sequence must be complementary to a nucleic acid 
sequence common only to gram-positive bacteria and not to 
gram-negative bacteria. Nucleic acid probes can be designed 
to identify a particular bacterial genus or species, a virulence 
factor, or an antibiotic-resistance gene present within the 
genome of a given species.

Historically, probes were produced through a labor-
intensive process involving recombinant DNA and clon-
ing techniques with the nucleic acid sequence of interest. 
�%�/�" �B�O�E �3�/�" �Q�S�P�C�F�T �B�S�F �O�P�X �D�I�F�N�J�D�B�M�M�Z �T�Z�O�U�I�F�T�J�[�F�E�
 
�N�P�E�J�ë�F�E�
 �B�O�E �Q�V�S�J�ë�F�E �X�J�U�I �F�Y�U�S�F�N�F �I�J�H�I �ë�E�F�M�J�U�Z �B�O�E �Z�J�F�M�E 
�C�Z �N�B�O�Z �D�P�N�N�F�S�D�J�B�M �W�F�O�E�P�S�T �B�U �B �S�F�M�B�U�J�W�F�M�Z �M�P�X �D�P�T�U�� �h�F 
base sequence of potential target genes, sequence patterns, 
or gene fragments for probe design are easily accessed using 

online sequence databases (e.g., GENBANK, National 
�$�F�O�U�F�S �G�P�S �#�J�P�M�P�H�J�D�B�M �*�O�G�P�S�N�B�U�J�P�O�
�� �"�M�U�I�P�V�H�I �Q�S�P�C�F�T �N�B�Z 
be hundreds to thousands of bases long, oligonucleotide 
probes �	�J���F���
 �U�I�P�T�F ���� �U�P ���� �C�B�T�F�T �M�P�O�H�
 �V�T�V�B�M�M�Z �B�S�F �T�V�ï�D�J�F�O�U 
for detection of most clinically relevant targets. Other con-
siderations in probe design include stability during storage 
�	�J���F���
 �T�I�F�M�G �M�J�G�F�
�
 �G�P�S�N�B�U�J�P�O �P�G �T�F�D�P�O�E�B�S�Z �T�U�S�V�D�U�V�S�F�T�
 �N�F�M�U�J�O�H 
temperature, and tendency to self-hybridize. In short, the 
design and production of nucleic acid probes is relatively 
easy but remains critical to the overall success and accuracy 
�P�G �O�V�D�M�F�J�D �B�D�J�E�o�C�B�T�F�E �B�T�T�B�Z�T��

In addition to probe design, all hybridization tests must 
have a means to detect or measure the hybridization reac-
�U�J�P�O�
 �E�J�S�F�D�U�M�Z �P�S �J�O�E�J�S�F�D�U�M�Z�� �h�J�T �J�T �B�D�D�P�N�Q�M�J�T�I�F�E �X�J�U�I �U�I�F 
use of a reporter molecule attached directly to the single-
stranded nucleic acid probe. Common reporter molecules 
�J�O�D�M�V�E�F �S�B�E�J�P�B�D�U�J�W�F �J�T�P�U�P�Q�F�T �	�F���H���
 �����1�
 ���)�
 �������*�
 �P�S �����4�
�
 
�C�J�P�U�J�O���B�W�J�E�J�O�
 �E�J�H�P�Y�J�H�F�O�J�O�
 �B �W�B�S�J�F�U�Z �P�G �ì�V�P�S�F�T�D�F�O�U �N�P�M-
ecules, or chemiluminescent compounds (Fig. 8.2�
��

�3�B�E�J�P�B�D�U�J�W�F �M�B�C�F�M�T �B�S�F �E�J�S�F�D�U�M�Z �J�O�D�P�S�Q�P�S�B�U�F�E �J�O�U�P �U�I�F 
nucleic acid molecules during probe synthesis. With the use 
of radioactively labeled probes, hybridization is detected by 
the emission of radioactivity from the probe-target com-
�Q�M�F�Y �	Fig. 8.2A�
�� �2�V�B�O�U�J�ë�D�B�U�J�P�O �P�G �U�I�F �D�P�N�Q�M�F�Y�F�T �N�B�Z �C�F 
achieved through scintillation counting or densitometry. 
Although this is a highly sensitive method for detecting 
hybridization, the requirements for radioactive training, 
monitoring, licensing, and disposal of radioactive waste 
have limited the use of radioactive labeling in the diagnostic 
setting.

Nonradioactive alternatives for labeling nucleic acid 
probes involve the covalent attachment of a reporter mol-
ecule to the probe using a chemical coupling reaction. 
�"�U�U�B�D�I�N�F�O�U �P�G �C�J�P�U�J�O �	�J���F���
 �i�C�J�P�U�J�O�Z�M�B�U�J�P�O�w�
 �F�O�B�C�M�F�T �U�I�F 
�E�F�U�F�D�U�J�P�O �P�G �U�B�S�H�F�U���Q�S�P�C�F �E�V�Q�M�F�Y�F�T �V�T�J�O�H �B �C�J�P�U�J�O���C�J�O�E�J�O�H 
protein, avidin, which is conjugated to an enzyme, such as 
�I�P�S�T�F�S�B�E�J�T�I �Q�F�S�P�Y�J�E�B�T�F�� �8�I�F�O �B �D�I�S�P�N�P�H�F�O�J�D �T�V�C�T�U�S�B�U�F �J�T 
added, the enzyme catalyzes a chemical reaction, producing 
a colored product that can be detected visually or spectro-
photometrically (Fig. 8.2B�
�� �#�J�P�U�J�O �M�B�C�F�M�T �B�S�F �D�M�B�T�T�J�ë�F�E �B�T 
indirect because of the requirement for a secondary biotin-
�B�W�J�E�J�O�o�F�O�[�Z�N�F �D�P�N�Q�M�F�Y �G�P�S�N�B�U�J�P�O �G�P�S �E�F�U�F�D�U�J�P�O�� �7�B�S�J�B�U�J�P�O�T 
on this indirect enzyme-based detection scheme include 
�U�I�F �V�T�F �P�G �E�J�H�P�Y�J�H�F�O�J�O���M�B�C�F�M�F�E �Q�S�P�C�F�T�
 �J�O �X�I�J�D�I �I�Z�C�S�J�E�J�[�B-
�U�J�P�O �J�T �E�F�U�F�D�U�F�E �V�T�J�O�H �B�O�U�J�E�J�H�P�Y�J�H�F�O�J�O �B�O�U�J�C�P�E�J�F�T �D�P�O�K�V-
�H�B�U�F�E �U�P �B�O �F�O�[�Z�N�F�� �4�V�D�D�F�T�T�G�V�M �E�V�Q�M�F�Y �G�P�S�N�B�U�J�P�O �N�F�B�O�T �U�I�F 
�F�O�[�Z�N�F �J�T �Q�S�F�T�F�O�U�� �U�I�F�S�F�G�P�S�F�
 �X�J�U�I �U�I�F �B�E�E�J�U�J�P�O �P�G �B �D�I�S�P�N�P-
genic substrate a color change or development is interpreted 
as positive hybridization.

Fluorescent and chemiluminescent reporter molecules 
have become widely used in molecular diagnostics rather 
than enzyme-based reporters. Chemiluminescent reporter 
molecules can be chemically linked directly (i.e., direct 
detection�
 �U�P �U�I�F �O�V�D�M�F�J�D �B�D�J�E �Q�S�P�C�F �X�J�U�I�P�V�U �V�T�J�O�H �B �D�P�O�K�V-
�H�B�U�F�E �Q�S�P�U�F�J�O �P�S �B�O�U�J�C�P�E�Z�� �h�F�T�F �N�P�M�F�D�V�M�F�T �	�F���H���
 �B�D�S�J�E�J�O�J�V�N 
�P�S �J�T�P�M�V�N�J�O�P�M�
 �F�N�J�U �M�J�H�I�U �E�V�S�J�O�H �I�Z�C�S�J�E�J�[�B�U�J�P�O �C�F�U�X�F�F�O �U�I�F 
chemiluminescent-labeled probe and target nucleic acid. 



123CHAPTER 8   Nucleic Acid–Based Analytic Methods for Microbial Identi�cation and Characterization

�h�F �M�J�H�I�U �J�T �E�F�U�F�D�U�F�E �V�T�J�O�H �B �M�V�N�J�O�P�N�F�U�F�S �	Fig. 8.2C�
�� �'�M�V�P-
�S�F�T�D�F�O�U �M�B�C�F�M�T �B�O�E �ì�V�P�S�P�N�F�U�S�J�D �S�F�Q�P�S�U�F�S �H�S�P�V�Q�T �	�F���H���
 �ì�V�P�S�F�T-
�D�F�J�O�
 �S�I�P�E�B�N�J�O�F�
 �P�S �Q�S�P�Q�S�J�F�U�B�S�Z �E�Z�F�T �T�V�D�I �B�T �U�I�F �"�M�F�Y�B���'�M�V�P�S 
�T�F�S�J�F�T�
 �B�S�F �B�M�T�P �D�P�O�T�J�E�F�S�F�E �E�J�S�F�D�U �O�V�D�M�F�J�D �B�D�J�E �Q�S�P�C�F�T �B�O�E �B�S�F 
available in a range of wavelengths and colors.

�h�F�T�F �N�F�U�I�P�E�T �I�B�W�F �B�M�T�P �F�O�B�C�M�F�E �U�I�F �E�F�U�F�D�U�J�P�O �P�G �N�V�M-
tiple nucleic acid targets using a cocktail of probes, each 
�B�U�U�B�D�I�F�E �U�P �B �E�J�ê�F�S�F�O�U �ì�V�P�S�P�Q�I�P�S�F �X�I�P�T�F �F�Y�D�J�U�B�U�J�P�O �B�O�E 
�F�N�J�T�T�J�P�O �X�B�W�F�M�F�O�H�U�I�T �B�S�F �T�Q�F�D�U�S�B�M�M�Z �T�F�Q�B�S�B�U�F�E�� �h�J�T �Q�S�P�D�F�T�T�
 
known as multiplexing, increases the number of pathogens 
that can be detected simultaneously in a single reaction. 
Direct probe hybridization assays generally have poor ana-
�M�Z�U�J�D�B�M �T�F�O�T�J�U�J�W�J�U�Z �J�O �D�P�N�Q�B�S�J�T�P�O �U�P �B�N�Q�M�J�ë�F�E �Q�S�P�C�F �U�F�D�I-
�O�J�R�V�F�T�� �h�F�S�F�G�P�S�F�
 �E�J�S�F�D�U �I�Z�C�S�J�E�J�[�B�U�J�P�O �B�T�T�B�Z�T �B�S�F �H�F�O�F�S�B�M�M�Z 
used in clinical situations where the number of organisms 
are large.�

Preparation of Target Nucleic Acid
Because hybridization is dependent on complementary 
binding between the probe and target, the target nucleic 
acid must be present as a single strand and the base sequence 
integrity must be maintained. Failure to meet these require-
ments can result in negative hybridization reactions (i.e., 

�G�B�M�T�F���O�F�H�B�U�J�W�F �S�F�T�V�M�U�T�
 �E�V�F �U�P �U�B�S�H�F�U �E�F�H�S�B�E�B�U�J�P�O�
 �J�O�T�V�ï�D�J�F�O�U 
�U�B�S�H�F�U �Z�J�F�M�E�
 �B�O�E���P�S �U�I�F �Q�S�F�T�F�O�D�F �P�G �J�O�U�F�S�G�F�S�J�O�H �T�V�C�T�U�B�O�D�F�T 
such as organic chemicals.

Because the relatively rigorous procedures needed to 
release nucleic acids from the target microorganism can be 
�E�F�M�F�U�F�S�J�P�V�T �U�P �U�I�F �%�/�"���3�/�" �N�P�M�F�D�V�M�F���T �T�U�S�V�D�U�V�S�F�
 �P�C�U�B�J�O-
ing the target nucleic acid and maintaining its appropriate 
�D�P�O�G�P�S�N�B�U�J�P�O �B�O�E �T�F�R�V�F�O�D�F �D�B�O �C�F �D�I�B�M�M�F�O�H�J�O�H�� �h�F �T�U�F�Q�T �J�O 
target preparation vary, depending on the organism source 
and the nature of the environment from which the target 
�P�S�H�B�O�J�T�N �J�T �C�F�J�O�H �Q�S�F�Q�B�S�F�E �	�M�B�C�P�S�B�U�P�S�Z �D�V�M�U�V�S�F �N�F�E�J�B�� �G�S�F�T�I 
�D�M�J�O�J�D�B�M �T�Q�F�D�J�N�F�O�T�
 �T�V�D�I �B�T �C�P�E�J�M�Z �ì�V�J�E�T�
 �U�J�T�T�V�F�
 �T�U�P�P�M�
 �P�S 
�N�V�D�P�T�B�M �T�X�B�C�T�� �ë�Y�F�E �P�S �Q�S�F�T�F�S�W�F�E �D�M�J�O�J�D�B�M �N�B�U�F�S�J�B�M�
�� �(�F�O�F�S-
�B�M�M�Z�
 �U�B�S�H�F�U �Q�S�F�Q�B�S�B�U�J�P�O �J�O�W�P�M�W�F�T �F�O�[�Z�N�B�U�J�D �B�O�E���P�S �D�I�F�N�J�D�B�M 
destruction of the tissue and microbial envelope to release 
target nucleic acids, the removal of contaminating mole-
�D�V�M�F�T �T�V�D�I �B�T �D�F�M�M�V�M�B�S �D�P�N�Q�P�O�F�O�U�T �	�Q�S�P�U�F�J�O�
�
 �T�U�B�C�J�M�J�[�B�U�J�P�O �P�G 
the target nucleic acid to preserve structural integrity, and, 
if the target is DNA, denaturation to a single strand, which 
is necessary for binding the complementary nucleic acid. 
�/�V�D�M�F�J�D �B�D�J�E �F�Y�U�S�B�D�U�J�P�O �Q�S�P�D�F�E�V�S�F�T �B�S�F �P�Q�U�J�N�J�[�F�E �U�P �F�O�T�V�S�F 
a high degree of purity, integrity, and yield of the desired 
nucleic acid.

+

+
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�t Fig. �.�   (A) Reporter molecule labeling of nucleic acid probes and principles of hybridization detec-
tion. Use of probes labeled with a radioactive reporter, with hybridization detected by autoradiography.  
(B) Probes labeled with a biotin-avidin reporter, with hybridization detected by a colorimetric assay. (C) 
Probes labeled with a chemiluminescent reporter (i.e., acridinium), with hybridization detected by a lumi-
nometer to detect emitted light.
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Two primary physical methods are available for nucleic 
�B�D�J�E �F�Y�U�S�B�D�U�J�P�O�� liquid-phase extraction and solid-phase 
extraction. �/�V�D�M�F�J�D �B�D�J�E �F�Y�U�S�B�D�U�J�P�O�T �W�J�B �U�I�F �M�J�R�V�J�E���Q�I�B�T�F 
�N�B�Z �C�F �D�M�B�T�T�J�ë�F�E �B�T organic or nonorganic extractions. 
�0�S�H�B�O�J�D �F�Y�U�S�B�D�U�J�P�O�T �F�N�Q�M�P�Z �Q�I�F�O�P�M�
 �D�I�M�P�S�P�G�P�S�N�
 �P�S �J�T�P�B�N�Z�M 
alcohol to disrupt the cellular membranes, denature, and 
remove proteins. After chemical treatment with the organic 
�T�P�M�V�U�J�P�O�
 �U�I�F �N�J�Y�U�V�S�F �J�T �D�F�O�U�S�J�G�V�H�F�E�
 �X�I�J�D�I �S�F�T�V�M�U�T �J�O �U�I�F 
separation or phasing of the cellular material layered over 
the top of the organic molecules and waste along the bot-
�U�P�N �P�G �U�I�F �U�V�C�F�� �h�F aqueous phase, containing the desired 
�O�V�D�M�F�J�D �B�D�J�E�
 �J�T �U�I�F�O �F�Y�U�S�B�D�U�F�E �G�S�P�N �U�I�F organic phase, and 
the resulting nucleic acid is precipitated using a bu�ered 
�T�P�M�V�U�J�P�O�� �/�P�O�P�S�H�B�O�J�D �F�Y�U�S�B�D�U�J�P�O�T �S�F�M�Z �P�O �Q�S�P�U�F�J�O �Q�S�F�D�J�Q�J-
tations and nucleic acid precipitations without the use of 
organic chemicals. Cell membranes and proteins are dena-
tured with a detergent, and the proteins are precipitated with 
�B �T�B�M�U �T�P�M�V�U�J�P�O�� �/�P�O�P�S�H�B�O�J�D �F�Y�U�S�B�D�U�J�P�O�T �B�S�F �Q�S�J�N�B�S�J�M�Z �V�T�F�E �J�O 
clinical laboratories because they are fast, are easy, and do 
not require the disposal of hazardous organic materials.

�4�P�M�J�E���Q�I�B�T�F �F�Y�U�S�B�D�U�J�P�O�T �V�T�F �T�P�M�J�E �T�V�Q�Q�P�S�U �D�P�M�V�N�O�T �D�P�O-
�T�U�S�V�D�U�F�E �P�G �ë�C�S�P�V�T �P�S �T�J�M�J�D�B �N�B�U�S�J�D�F�T�
 �N�B�H�O�F�U�J�D �C�F�B�E�T�
 �P�S 
chelating agents to bind the nucleic acids. After impurities 
are removed, the nucleic acids are chemically released and 
�S�F�D�P�W�F�S�F�E �G�P�S �B�O�B�M�Z�T�J�T �P�S �B�N�Q�M�J�ë�D�B�U�J�P�O�� �4�P�M�J�E���Q�I�B�T�F �F�Y�U�S�B�D-
�U�J�P�O�T �B�S�F �U�Z�Q�J�D�B�M�M�Z �T�J�N�Q�M�F�S �U�I�B�O �M�J�R�V�J�E���Q�I�B�T�F �F�Y�U�S�B�D�U�J�P�O�T�
 
requiring less sample volume and providing for ease of 
operation, processing of large batches, high reproducibility, 
and adaptability to automation.

�3�F�H�B�S�E�M�F�T�T �P�G �F�Y�U�S�B�D�U�J�P�O �N�F�U�I�P�E �D�I�P�T�F�O�
 �%�/�" �J�T�P�M�B�U�J�P�O 
�U�F�O�E�T �U�P �O�P�U �C�F �B�T �U�F�D�I�O�J�D�B�M�M�Z �E�F�N�B�O�E�J�O�H �B�T �3�/�" �F�Y�U�S�B�D-
�U�J�P�O�� �3�/�" �N�B�Z �C�F �E�F�H�S�B�E�F�E �S�B�Q�J�E�M�Z �C�Z �U�I�F �Q�S�F�T�F�O�D�F �P�G 
�3�/�B�T�F �F�O�[�Z�N�F�T�� RNase enzymes are very stable, ubiqui-
tous in the environment, and elevated in certain tissues, 
�T�V�D�I �B�T �U�I�F �Q�M�B�D�F�O�U�B�
 �M�J�W�F�S�
 �B�O�E �T�P�N�F �U�V�N�P�S�T�� �h�F �J�O�B�E�W�F�S-
�U�F�O�U �J�O�U�S�P�E�V�D�U�J�P�O �P�G �3�/�B�T�F �F�O�[�Z�N�F�T �J�O�U�P �T�Q�F�D�J�N�F�O�T �E�V�S-
�J�O�H �3�/�" �Q�V�S�J�ë�D�B�U�J�P�O �X�J�M�M �S�F�T�V�M�U �J�O �M�P�X �P�S �O�P �3�/�" �Z�J�F�M�E 
�B�O�E �S�F�O�E�F�S �U�I�F �N�P�M�F�D�V�M�B�S �U�F�T�U �J�O�W�B�M�J�E�� �5�P �N�J�O�J�N�J�[�F �3�/�" 
degradation, a dedicated laboratory space, or clean bench 
�J�T�P�M�B�U�J�P�O �D�I�B�N�C�F�S �J�T �S�F�D�P�N�N�F�O�E�F�E �G�P�S �3�/�" �N�B�O�J�Q�V�M�B-
�U�J�P�O�� �3�/�B�T�F���G�S�F�F �S�F�B�H�F�O�U�T�
 �X�B�U�F�S�
 �Q�J�Q�F�U�U�F �U�J�Q�T�
 �F�U�D���
 �N�V�T�U 
be used. Guanidinium isothiocyanate can be used to 
�E�F�O�B�U�V�S�F �B�O�E �J�O�B�D�U�J�W�B�U�F �3�/�B�T�F �F�O�[�Z�N�F�T �U�P �Q�S�F�T�F�S�W�F �O�V�D�M�F�J�D 
acid samples but must be removed before most down-
stream hybridization reactions. Additional clean-up steps 
�N�B�Z �C�F �O�F�F�E�F�E �T�V�D�I �B�T �C�V�ê�F�S �F�Y�D�I�B�O�H�F �P�S �T�J�[�F���F�Y�D�M�V�T�J�P�O 
chromatography.�

Mixture and Hybridization of Target and Probe
�%�F�T�J�H�O�T �G�P�S �N�J�Y�J�O�H �U�B�S�H�F�U �B�O�E �Q�S�P�C�F �O�V�D�M�F�J�D �B�D�J�E�T �B�S�F �E�J�T-
cussed later, but some general concepts regarding the 
hybridization reaction require consideration.

�h�F �B�C�J�M�J�U�Z �P�G �U�I�F �Q�S�P�C�F �U�P �C�J�O�E �U�I�F �D�P�S�S�F�D�U �U�B�S�H�F�U 
�E�F�Q�F�O�E�T �P�O �U�I�F �F�Y�U�F�O�U �P�G �C�B�T�F �T�F�R�V�F�O�D�F �J�E�F�O�U�J�U�Z �C�F�U�X�F�F�O 
the two nucleic acid strands and the environment in which 
the probe and target are brought together. Environmental 
conditions set the stringency for a hybridization reaction, 

and the degree of stringency can determine the outcome of 
the reaction. Hybridization stringency is most a�ected by:
���t����4�B�M�U �D�P�O�D�F�O�U�S�B�U�J�P�O �J�O �U�I�F �I�Z�C�S�J�E�J�[�B�U�J�P�O �C�V�ê�F�S �	�T�U�S�J�O�H�F�O�D�Z 

�J�O�D�S�F�B�T�F�T �B�T �T�B�M�U �D�P�O�D�F�O�U�S�B�U�J�P�O �E�F�D�S�F�B�T�F�T�

���t����5�F�N�Q�F�S�B�U�V�S�F �	�T�U�S�J�O�H�F�O�D�Z �J�O�D�S�F�B�T�F�T �B�T �U�F�N�Q�F�S�B�U�V�S�F 

�J�O�D�S�F�B�T�F�T�

���t����$�P�O�D�F�O�U�S�B�U�J�P�O �P�G �E�F�T�U�B�C�J�M�J�[�J�O�H �B�H�F�O�U�T �	�T�U�S�J�O�H�F�O�D�Z 

increases with increasing concentrations of formamide 
�P�S �V�S�F�B�

With greater stringency, a higher degree of base-pair 

complementarity is required between the probe and tar-
get to obtain successful hybridization (i.e., less tolerance 
�G�P�S �E�F�W�J�B�U�J�P�O�T �J�O �C�B�T�F �T�F�R�V�F�O�D�F�
�� �6�O�E�F�S �M�F�T�T �T�U�S�J�O�H�F�O�U 
conditions, strands with less base-pair complementarity 
(i.e., strands with a higher number of mismatched base 
�Q�B�J�S�T �X�J�U�I�J�O �U�I�F �T�F�R�V�F�O�D�F�
 �N�B�Z �T�U�J�M�M �I�Z�C�S�J�E�J�[�F�� �h�F�S�F�G�P�S�F�
 
�B�T �T�U�S�J�O�H�F�O�D�Z �J�O�D�S�F�B�T�F�T�
 �U�I�F �T�Q�F�D�J�ë�D�J�U�Z �P�G �I�Z�C�S�J�E�J�[�B�U�J�P�O 
�J�O�D�S�F�B�T�F�T �B�O�E �B�T �T�U�S�J�O�H�F�O�D�Z �E�F�D�S�F�B�T�F�T�
 �T�Q�F�D�J�ë�D�J�U�Z �E�F�D�S�F�B�T�F�T�� 
�'�P�S �F�Y�B�N�Q�M�F�
 �V�O�E�F�S �I�J�H�I �T�U�S�J�O�H�F�O�D�Z �B �Q�S�P�C�F �T�Q�F�D�J�ë�D �G�P�S �B 
target sequence in Streptococcus pneumoniae may only bind 
�U�P �U�I�F �U�B�S�H�F�U �Q�S�F�Q�B�S�F�E �G�S�P�N �U�I�J�T �T�Q�F�D�J�F�T �	�I�J�H�I �T�Q�F�D�J�ë�D�J�U�Z�
�
 
but under low stringency the same probe may also bind 
to targets from closely related streptococcal species (lower 
�T�Q�F�D�J�ë�D�J�U�Z�
�� �h�F�S�F�G�P�S�F�
 �U�P �F�O�T�V�S�F �B�D�D�V�S�B�D�Z �J�O �I�Z�C�S�J�E�J�[�B�U�J�P�O�
 
reaction conditions must be carefully controlled.�

Detection of Hybridization
�h�F �N�F�U�I�P�E �P�G �E�F�U�F�D�U�J�O�H �I�Z�C�S�J�E�J�[�B�U�J�P�O �E�F�Q�F�O�E�T �P�O �U�I�F 
reporter molecule used for labeling the probe nucleic acid 
and on the hybridization format (Fig. 8.2�
�� �5�S�B�E�J�U�J�P�O�B�M�M�Z�
 
hybridization probes used radioactively labeled reporters 
�B�O�E �W�J�T�V�B�M�J�[�F�E �B�G�U�F�S �U�I�F �S�F�B�D�U�J�P�O �N�J�Y�U�V�S�F �X�B�T �F�Y�Q�P�T�F�E �U�P 
�S�B�E�J�P�H�S�B�Q�I�J�D �ë�M�N �	�J���F���
 autoradiography�
�� �5�P�E�B�Z�
 �I�Z�C�S�J�E-
ization with nonradioactively labeled probes is preferred 
�X�J�U�I �E�F�U�F�D�U�J�P�O �B�D�I�J�F�W�F�E �W�J�B �D�P�M�P�S�J�N�F�U�S�Z�
 �ì�V�P�S�F�T�D�F�O�D�F�
 �P�S 
chemiluminescence, �B�O�E �R�V�B�O�U�J�ë�F�E �V�T�J�O�H �T�Q�F�D�U�S�P�Q�I�P�U�P�N-
�F�U�F�S�
 �ì�V�P�S�P�N�F�U�F�S�
 �P�S �M�V�N�J�O�P�N�F�U�F�S �J�O�T�U�S�V�N�F�O�U�T�
 �S�F�T�Q�F�D�U�J�W�F�M�Z�� 
�h�F �N�P�S�F �D�P�N�N�P�O�M�Z �V�T�F�E �O�P�O�S�B�E�J�P�B�D�U�J�W�F �E�F�U�F�D�U�J�P�O �T�Z�T-
�U�F�N�T �	�F���H���
 �E�J�H�P�Y�J�H�F�O�J�O�
 �D�I�F�N�J�M�V�N�J�O�F�T�D�F�O�D�F�
 �ì�V�P�S�F�T�D�F�O�D�F�
 
�B�S�F �B�C�M�F �U�P �E�F�U�F�D�U �B�Q�Q�S�P�Y�J�N�B�U�F�M�Z ����4 target nucleic acid 
�T�F�R�V�F�O�D�F�T �Q�F�S �O�P�O�B�N�Q�M�J�ë�F�E �I�Z�C�S�J�E�J�[�B�U�J�P�O �S�F�B�D�U�J�P�O���

Hybridization Formats
Hybridization reactions can be performed using either a liq-
uid or solid support format.

Liquid Format
In the liquid format, probe and target nucleotide strands 
�B�S�F �Q�M�B�D�F�E �J�O �B �M�J�R�V�J�E �S�F�B�D�U�J�P�O �N�J�Y�U�V�S�F �U�I�B�U �J�T �D�P�O�T�U�B�O�U�M�Z �C�V�U 
�H�F�O�U�M�Z �T�I�B�L�F�O �U�P �G�B�D�J�M�J�U�B�U�F �N�P�M�F�D�V�M�B�S �D�P�M�M�J�T�J�P�O�T �B�O�E �E�V�Q�M�F�Y 
�G�P�S�N�B�U�J�P�O�� �I�Z�C�S�J�E�J�[�B�U�J�P�O �P�D�D�V�S�T �T�V�C�T�U�B�O�U�J�B�M�M�Z �G�B�T�U�F�S �U�I�B�O 
�X�J�U�I �B �T�P�M�J�E �T�V�Q�Q�P�S�U �G�P�S�N�B�U�� �)�P�X�F�W�F�S�
 �C�F�G�P�S�F �E�V�Q�M�F�Y �G�P�S�N�B-
tion can be detected, the hybridized labeled probes must be 
separated from the unbound or nonhybridized probes (i.e., 
�i�C�B�D�L�H�S�P�V�O�E �O�P�J�T�F�w�
�� �4�F�Q�B�S�B�U�J�P�O �N�F�U�I�P�E�T �J�O�D�M�V�E�F �F�O�[�Z�N�B�U�J�D 
�E�J�H�F�T�U�J�P�O �	�F���H���
 �4�� �O�V�D�M�F�B�T�F�
 �P�G �T�J�O�H�M�F���T�U�S�B�O�E�F�E �Q�S�P�C�F�T �B�O�E 
�Q�S�F�D�J�Q�J�U�B�U�J�P�O �P�G �I�Z�C�S�J�E�J�[�F�E �E�V�Q�M�F�Y�F�T�
 �V�T�F �P�G �I�Z�E�S�P�Y�Z�B�Q�B�U�J�U�F 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1125  Glossary   

V
Vaccination  �e process of administering a vac-

cine, which is generally a part of a microorgan-
ism or virus, or an attenuated bacterial toxin or 
microorganism that will activate the individual’s 
immune response, resulting in the production of 
speci�c antibodies to the vaccine.

Variable regions  �e variable region of an anti-
body consists of the amino terminus of both the 
heavy and light chain proteins of the antibody. 
�e regions have variable amino acid sequences 
that di�er from one antibody to another, to en-
able the antibodies to bind to di�erent antigens.

VD  Venereal disease.
VDRL  Venereal Disease Research Laboratory; 

classic nontreponemal serologic test for syphilis 
antibodies. Uses cardiolipin, lecithin, and 
cholesterol as cross-reactive antigen that �oc-
culates in the presence of “reaginic” antibodies 
produced by patients with syphilis. Best test for 
cerebrospinal �uid in cases of neurosyphilis.

Vector  An arthropod or other agent that carries 
microorganisms from one infected individual to 
another.

Vegetation  In endocarditis, the aggregates of 
�brin and microorganisms on the heart valves or 
other endocardium.

Vegetative hyphae  Filamentous structures that 
grow down into the agar and draw nutrients 
from the agar substrate.

Vehicle  See fomite.
Ventral disk  Rigid protein structure on the 

ventral (underside) side of a parasite used for 
attachment to host cells.

Verrucose  Furrowed or convoluted topology of 
a fungal colony.

Verruga  Small bump on the skin or mucous 
membrane generally associated with a human 
papillomavirus.

Vesicle  A small bulla or blister containing clear 
�uid.

V-factor  See nicotinamide adenine dinucleotide 
(NAD).

Villi  Minute, elongated projections from the 
surface of intestinal mucosa that are important 
in absorption.

Villose  Soft hairlike.
Vincent angina  An old term, seldom used 

currently, referring to anaerobic tonsillitis. Also 
referred to as acute necrotizing ulcerative gingi-
vitis, or trench mouth.

Viral inclusions  Nuclear or cytoplasmic inclu-
sions that are clumps of proteins indicating viral 
replication inside the infected cell.

Viral neutralization  �e process where speci�c 
antibodies bind to the viral receptor molecule, 
blocking the virus’s ability to bind with the 
host cell receptor and neutralizing the virus by 
preventing it from infecting the cell.

Viremia  Presence of viruses in the bloodstream.
Virion  �e complete viral particle, including 

nucleocapsid, outer membrane or envelope, and 
all adherence structures.

Viroid  Infectious naked RNA, single stranded with 
no protein coat. Primarily these infect plants.

Virulence  Degree of pathogenicity or disease-
producing ability of a microorganism.

Virulence factors  Attributes or characteristics 
that enhance the organism’s ability to invade or 
cause disease.

Virus  Infectious agent that requires a living cell 
to reproduce.

Visceral  Deep within tissue or organs (viscera).
Viscus (plural Viscera)  Any of the organs (vis-

cera) within one of the four great body cavities 
(cranium, thorax, abdomen, and pelvis).

Vitox  Commercial supplement used in the prepa-
ration of Modi�ed �ayer Martin or New York 
City Medium for the isolation of Neisseria spp.

VP  Voges-Proskauer: a biochemical test that de-
tects the presence of acetoin in bacterial cultures.

W
Wayson stain  Special stain that uses basic fuch-

sin and methylene blue to identify the bipolar 
staining of Yersinia pestis.

Weil-Felix reaction  Agglutination test for the 
diagnosis of rickettsia infections.

Western blot  Proteins of an organism are sepa-
rated by gel electrophoresis and transferred to 
membrane �lters. Antiserum (labeled antibody) 
is allowed to react with the �lters, and speci�c 
antibody bound to its homologous antigen is 
detected.

White piedra  External fungal infection of hair 
that presents with soft nodules.

Wilkins-Chalgren agar  Anaerobic agar for the 
isolation and identi�cation of Prevotella spp.

Workup  See identi�cation scheme.

X
Xenodiagnosis  Method of diagnosis infection 

by allowing the insect vectors to feed on the 
patient and then examine the vector for the 
infecting agent.

X-factor  See hemin.

Z
Ziehl-Neelsen  Traditional hot acid-fast method 

of staining organisms that contain muramic or 
mycolic acid.

Zone edge test  Penicillin (10-U) disk test 
performed on Mueller-Hinton agar to determine 
whether the organism produces beta-lactamase. 
A sharp edge is considered positive and a fuzzy 
edge is considered negative.

Zone of equivalence  Concentration when 
antigen and antibody are in equal concentrations 
resulting in maximum interactions and measur-
able cross-linking.

Zoonosis (zoonotic infection)  A disease of 
animals (not human) transmissible to humans 
(e.g., tularemia).

Zoosporogenesis  Reproduction of zoospores.
Zygomycetes  Group of fungi with nonseptate 

hyphae and spores produced within a sporangium.
Zygospores  �ick-walled diploid fungal cell 

that arises from the fusion of two haploid 
gametes.
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Adsorption, virus, 887
Adults, bacteremia detection in, 960
Advenella spp.

antimicrobial therapy and susceptibility testing 
for, 402t

colonial appearance and characteristics, 400t
epidemiology of, 399t
identi�cation of, 401t
pathogenesis and spectrum of disease, 399t

Aerial hyphae, 323
Aerobes, 74
Aerobic actinomycetes

antimicrobial susceptibility testing and therapy 
for, 333

epidemiology of, 326–327
general characteristics of, 323–326, 325t
laboratory diagnosis of, 327–333, 328f, 

330t–332t, 331f
pathogenesis of, 326–327
prevention of, 333
spectrum of disease, 327, 328t

Aerobic respiration, 20
Aerococcus spp.

direct detection of, 282t
epidemiology of, 252t
epidemiology, pathogenesis, and spectrum of 

disease, 271t–273t
Gram stain of, 277–278, 282t
pathogenesis and spectrum of disease, 254t

Aeromonas spp.
antimicrobial susceptibility testing and therapy 

for, 411
biochemical and physiologic characteristics of, 

412t
case study of, 413.e1b
colonial appearance of, 409t
epidemiology of, 405t, 406
in gastrointestinal infections, 1056t–1057t
general characteristics of, 405
laboratory diagnosis of, 407–411, 409t
pathogenesis and spectrum of disease, 406t, 

407
prevention of, 411

Aerotolerance test, 512, 524–525, 525.e1b
Aerotolerant, 101
Aerotolerant microorganisms, 74
Aerotolerant organisms, 505
A�rm VP III Microbial Identi�cation Test, 

1040–1041, 1041f
African trypanosomiasis, 698t, 699–700
Agar, 92–93, 94f. See also speci�c agar

anaerobic, 511, 511t, 524f
blood, 72, 73f, 95t–97t
fungal culture use of, 798, 799t–800t
routine bacteriology use of, 95t–97t

Agar dilution testing, 188–189, 188t, 189f
Agglutination, 36
Agglutination assay

latex, 155–156, 155f
particle, 155f

Agglutinins, 155–156
Aggregatibacter spp.

antimicrobial therapy for, 436–437, 437t–438t
colonial appearance of, 440t
epidemiology of, 436–437, 436t–438t
general characteristics of, 436
laboratory diagnosis of, 437–439, 440t
spectrum of disease, 436–437

AIDS. See Acquired immunode�ciency syndrome 
(AIDS)

Airborne contact transmission, 1100t
Air-handling system of laboratory, 52
Alcaligenes faecalis

antimicrobial therapy and susceptibility testing 
for, 402t

colonial appearance and characteristics, 400t
epidemiology of, 399t
identi�cation of, 401t
pathogenesis and spectrum of disease, 399t

Alcaligenes piechaudii, 399t, 401
antimicrobial therapy and susceptibility testing 

for, 402t
colonial appearance and characteristics, 400t
identi�cation of, 401t

Alcaligenes spp.
antimicrobial therapy and susceptibility testing 

for, 402–403, 402t
epidemiology of, 398, 399t
general characteristics of, 398
laboratory diagnosis of, 400–402, 400t
pathogenesis and spectrum of disease, 398–400, 

399t
prevention of, 403

Alcaligenes xylosoxidans
colonial appearance and characteristics,  

400t
identi�cation of, 401t

Aleurioconidia, 831, 831f
Alistipes spp., 507t–509t
Alloiococcus otitidis, 271t–273t
Alloiococcus spp.

direct detection of, 282t
epidemiology of, 252t
epidemiology, pathogenesis, and spectrum of 

disease, 271t–273t
pathogenesis and spectrum of disease, 254t

Alloscardovia spp., 507t–509t
Allylamines, 883
Alopecia, 824
Alpha-hemolysis, 94–98
Alpha-hemolytic streptococci, 94f
Alpha toxin, 253
Alternaria spp., 855

identi�cation of, 855, 855f
pathogenesis and spectrum of disease, 850t

Alternate arthroconidia, 841
Alveoli, 970
Amastigotes, 701–702
Amastigote stage of parasite, 639
Amebae (Amoebae), 642–662. See also speci�c 

amebae
clinical �ndings in, 613t–614t
cysts of, 644t
description of, 602t–603t
epidemiology of, 610t–613t
free-living, 706, 708t–709t
laboratory diagnosis of, 622t–626t
pathogenesis and spectrum of disease, 

614t–616t
trophozoites of, 643t

Amebiasis, 642–647
Amebic colitis, 649–650
Amebic liver abscess, 652–653
Ameboma, 652–653
American trypanosomiasis, 700–702
Amie’s medium, 59

Amikacin
mechanism of action for, 168t–169t
resistance to, 177t

Amino acid
degradation, 110–111
genetic code and, 12t

Aminocyclitols, 171
Aminoglycosides, 171, 171f
Aminoglycosidic aminocyclitol, 171
Amoeboid form, Blastocystis spp., 661
AmpC beta-lactamases, 359
Amphitrichous �agella, 24
Amphotericin B, 882
Ampicillin

anatomic distribution of, 166t
mechanism of action of, 168t–169t
resistance to, 176t–177t

Amplicons, 131, 131f–132f
Ampli�cation, 120

of Chlamydia trachomatis, 566–567
hybridization with, 127–129
PCR-based, 129–136

derivations and, 129–133, 130f–131f
sensitivity enhancements through, 144–145
techniques, 129

Ampli�ed Mycobacterium tuberculosis Direct Test 
(AMTD), 548

Anabolic, 13–14
Anabolic metabolism, 21
Anaerobe bags/pouches, 510
Anaerobes

antimicrobial susceptibility testing and therapy 
for, 513–514, 514t, 514b

epidemiology of, 516, 517t
general characteristics of, 505
Gram stain of, 506, 507t–509t
identi�cation of, 512–513

de�nitive, 513
presumptive, 513
primary plate examination, 512
subculture of isolates, 512–513, 513f

incubation of, 512
macroscopic examination of, 506
MALDI-TOF MS

gram-negative rods, 525–527, 526f–527f
gram-positive and gram-negative cocci, 

527–528
gram-positive, non–spore forming bacilli, 

524–525, 525t
Veillonella spp., 528

media for, 510–512, 511f, 511t
nucleic acid detection

gram-negative rods, 525–527, 526f–527f
gram-positive and gram-negative cocci, 

527–528
gram-positive, non–spore forming bacilli, 

524–525, 525t
Veillonella spp., 528

pathogenesis and spectrum of disease, 516–524, 
517t–521t

gram-positive, spore-forming bacilli, 
516–524, 522f, 523t, 524f, 525t

prevention of, 528
specimen of

collection and transport of, 505–506, 506b, 
510f

processing of, 509–510, 511f
Anaerobic blood agar, 511t, 524f
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Anaerobic broth, 511
Anaerobic chambers, 510
Anaerobic respiration, 20
Anaerococcus spp., 507t–509t
Anaeroglobus spp., 507t–509t
Analyte-speci�c reagents (ASRs), 136
Analytical sensitivity, 144–145
Analytical speci�city, 144
Anamnestic response, 151
Anamorphs, 792
Anaplasma spp., 570–572, 571t
Anaplasmosis, 594
Ancylostoma braziliense, 731–732, 738, 739t
Ancylostoma caninum, 731–732, 738, 739t
Ancylostoma ceylonicum, 731–732
Ancylostoma duodenale, 721t–722t, 730, 730f
Anergic patients, 534
Aneurysms, mycotic, 957
Anicteric leptospirosis, 598–599
Anidulafungin, 882
Animals, as microbial reservoirs, 28–29
Anncaliia spp., 648t
Annealing, 129

of primers, 129–130, 132f
temperature in the reaction, 129–130

Annelides, 833
Annellophores, 833
Anorectal lesions, 1035
Antagonism, antimicrobial combination, 200
Anthrax, 288, 290. See also Bacillus anthracis
Anthroponotic pathogen, 672
Anthropophilic species, 820–821
Anthropophilic Trichophyton, 820–821
Antibacterial, 165
Antibacterial agents. See Antimicrobial agents
Antibiograms, 76
Antibiotic-associated colitis (AAC), 1047
Antibiotic-associated hemorrhagic colitis 

(AAHC), 1054
Antibiotic identi�cation disks, 512, 514.e1b
Antibiotic resistance. See Antimicrobial resistance
Antibiotics

beta-lactam, 167–170, 169f
mechanism of action for, 168t–169t
resistance to, 176–178, 177t, 178f–179f, 

266
susceptibility testing, 202, 203t, 206

de�nition of, 165
Todd-Hewitt broth supplemented with, 

95t–97t
Antibodies, 34, 36f

characteristics of, 150–151, 151f
complement-�xing, 150–151
de�nition of, 150
immunochemical methods and, 152–154, 154f
neutralizing, 150–151
opsonizing, 150–151
serologic tests for detection of

complement �xation assays, 158–159, 159f
enzyme-linked immunosorbent assays, 160
�occulation tests, 157–159, 158f
�uorescent immunoassays, 159–163
hemagglutination inhibition assays, 157
indirect �uorescent antibody tests, 159, 161f
neutralization assays, 158
particle agglutination tests, 155–156
Western blot immunoassays, 163, 164f

Antibody-mediated immunity, 35–36, 36f, 150

Antibody titer, 152
Anticoagulation

in blood culture, 961
parasitic, 605t–608t

Anticodon, 11
Antifungal, 165
Antifungal agents, 881–883

azole, 881–882
echinocandins, 882
polyene macrolide, 882–883
susceptibility testing of, 880–881

Antifungal susceptibility testing (AFST), 
880–881, 881f

Antifungal therapy and prevention, 881–883
Antigen(s)

de�nition of, 150
microbial classi�cation and, 2t, 34

Antigen-binding sites, 151
Antigen detection

Blastocystis hominis, 662
Campylobacter spp., 460
Chlamydia trachomatis, 566, 566f
Cryptococcus neoformans, 868–870, 871f–872f, 

873, 877f
Cryptosporidium spp., 673
Dientamoeba fragilis, 668
Entamoeba histolytica, 638t, 654
Enterococcus spp., 276–277
in gastroenteritis, 1060
Giardia duodenalis, 666–667
Haemophilus spp., 446
in meningitis, 1000–1002
microsporidial, 681
mycobacterial, 546
opportunistic mycoses, 830
parasitic, 638t
Streptococcus spp., 276–277
systemic mycoses, 838–839
Trichomonas vaginalis, 714
Trypanosoma spp., 700
Wuchereria bancrofti, 747–748

Antigenic determinants, 150
Antigenic drift, 884–885, 950
Antigenic shift, 884–885
Antimicrobial action, 165–174

cell membrane function inhibitors, 170–171
cell wall synthesis inhibitors, 167–174, 

169f–170f
metabolic process inhibitors, 173–174, 174f
mode of action in, 167–174, 168t–169t
nucleic acid synthesis inhibitors, 173
principles of, 165–167, 166f, 166t, 167b
protein synthesis inhibitors, 171–173, 171f

Antimicrobial agents, 165
for Acinetobacter spp., 367–368, 367t
for anaerobes, 513–514, 514b
for Arcanobacterium spp., 321t
for Bartonella spp., 455–456
for Bergeyella zoohelcum, 397t
beta-lactam, 167–170, 168t–169t, 169f

resistance to, 176–178, 177t, 178f–179f
for Bordetella pertussis and Bordetella 

parapertussis, 485
for Brevundimonas spp., 381
for Brucella spp., 481
for Burkholderia spp., 381
for Campylobacter spp., 462
for Chlamydia trachomatis, 567–568

Antimicrobial agents (Continued)
for Chromobacterium violaceum, 411
for Chryseobacterium spp., 395, 397t
for Corynebacterium spp., 309, 311t
de�nition of, 165
for Enterobacterales, 203t, 355t–356t, 357, 

358t, 360t
for Erysipelothrix rhusiopathiae, 320, 321t
for Francisella spp., 491
for Haemophilus spp., 450
for Helicobacter spp., 466
for Legionella spp., 474
for Listeria monocytogenes, 309, 311t
mechanism of action for, 168t–169t
for Micrococcus spp., 262–267
for Moraxella catarrhalis, 503
for Ochrobactrum anthropi, 389, 390t
predictor, 195–197
for Pseudomonas spp., 381
for Rhizobium radiobacter, 389, 390t
for Sphingobacterium spp., 395, 397t
for Stenotrophomonas maltophilia, 205t, 

367–368, 367t
for Streptococcus spp., 284–285
Todd-Hewitt broth with, 95t–97t
for Vibrio spp., 411

Antimicrobial battery/pattern, 184, 185b
Antimicrobial resistance, 174–181, 180b

to aminoglycosides, 179
bacterial identi�cation and, 108–109, 108f
to beta-lactam antibiotics, 176–178, 177t, 

178f–179f
biologic versus clinical, 174
common pathways for, 176–180, 176f
emergence of, 180–181, 180f, 1096–1097
environmentally mediated, 174–175, 175f
to glycopeptides, 178
microorganism-mediated, 175–176, 176t
principles of, 174
to quinolones, 180
surveillance, 206

Antimicrobial susceptibility, 417
Antimicrobial susceptibility pro�les, 176
Antimicrobial susceptibility testing (AST), 

182–207.e1, 182
accuracy of, 203–206, 205t
Acinetobacter spp., 367–368, 367t
Aeromonas spp., 411
agar dilution in, 188–189, 188t, 189f
agents for, 184–185, 185b, 202–203, 203t
Alcaligenes spp., 402–403, 402t
alternative approaches for, 194–197, 196t
anaerobic, 513–514, 514t, 514b
Anaplasma spp., 572
Bacillus spp., 296–297, 297t
bacterial identi�cation and, 108f
bactericidal tests in, 198–200
Bartonella spp., 455–456
Bergeyella zoohelcum, 397t
Bordetella bronchiseptica, 402–403
Borrelia spp., 597
Brachyspira spp., 598
Brevundimonas spp., 381
broth dilution in, 185–188, 186f, 186t, 187b
Brucella spp., 481
Burkholderia spp., 381
Campylobacter spp., 462
Chlamydia pneumoniae, 570



1129

Antimicrobial susceptibility testing (Continued)
Chlamydia psittaci, 568
Chlamydia trachomatis, 567–568
Chromobacterium violaceum, 411
Chryseobacterium spp., 395, 397t
commercial systems for, 192–193
communication and, 206–207
for complex antimicrobial/organism 

combinations, 198–200
Corynebacterium spp., 309, 311t
Coxiella burnetii, 573
disk di�usion in, 189–192, 189f–190f, 191t
Ehrlichia spp., 572
Enterobacterales, 203t, 357, 358t, 360t
Enterococcus spp., 203t, 284–285
Erysipelothrix rhusiopathiae, 320, 321t
genotypic methods for, 198
goals of, 182–183, 201f
Haemophilus spp., 450
Helicobacter spp., 466
inoculum preparation for, 184, 184f
laboratory strategies for, 200–203, 201f
Legionella spp., 474
Leptospira spp., 599
Listeria monocytogenes, 309, 311t
Micrococcus spp., 262–267
mycobacterial, 555–559, 559b
Neisseria spp., 503
Ochrobactrum anthropi, 389, 390t
Pasteurella spp., 431t
phenotypic methods for, 197–198, 197f
principles of, 183
Pseudomonas spp., 381
quality control and, 1089
relevance of, 200
Rhizobium radiobacter, 389, 390t
Rickettsia spp., 572
Sphingobacterium spp., 395, 397t
standardization of, 183
Staphylococcus spp., 262–267
Stenotrophomonas maltophilia, 367–368,  

367t
Streptobacillus moniliformis, 493–494
Streptococcus spp., 284–285
Tropheryma whipplei, 574
Vibrio spp., 411

Antiparallel, 8
Antiparasitic, 165
Antiretroviral therapy (ART), 889
Antisepsis, 960
Antiseptics, 47
Antisera, 1089
Antiterrorism and E�ective Death Penalty Act of 

1996, 1103–1104
Antiviral agents, 165, 889
Antiviral resistance, 946–948, 951
Antiviral susceptibility testing, 948–951
Antiviral therapy, 946, 947t
Antler hyphae, 808, 810f
Antral puncture, 1011
Apical complex, 670
API-20C AUX yeast identi�cation system, 875
Apicomplexa. See Sporozoa
Apiotrichum spp., 866–867, 870–871
Apophysis of Mucorales, 817
Appliqué forms, 693
Aqueous humor, 1005
Aqueous phase, 124

Aqueous/vitreous �uid specimen collection and 
transportation, 60t–70t

Arachnoid mater, 993
Arbitrary primed polymerase chain reaction, 132
Arboviruses, 899
Arcanobacterium spp., 314

acute pharyngitis and/or tonsillitis caused by, 
987, 987t

antimicrobial susceptibility testing and therapy 
for, 321t

colonial appearance of, 317t
epidemiology of, 314, 315t
identi�cation of, 317–320
pathogenesis and spectrum of disease of, 

315–316, 315t
Arcobacter spp., 457, 458f

cultivation of, 461
direct detection of, 460
epidemiology and pathogenesis of, 457–460
general characteristics of, 457, 459t
identi�cation of, 462, 463t
specimen collection, transport, and processing 

for, 460
spectrum of disease, 459t

Arenaviruses, 921
Armed rostellum, 755–756
Artemisinin combination therapy (ACT), 696
Arthritis, 1079

infectious, 1079, 1079b
Arthrobacter spp.

antimicrobial susceptibility testing and therapy 
for, 311t

epidemiology of, 299t–300t
Gram stain of, 304t–305t
identi�cation of, 308t
pathogenesis and spectrum of disease of, 

301t–302t
Arthroconidia, 808, 810f
Arti�cial media, 94–100, 95t–97t, 99f–100f
Arylsulfatase, 555, 556t–557t, 558f
Ascaris lumbricoides, 720–723

laboratory diagnosis of, 622t–626t, 722–723, 
723f

life cycle of, 721f
pathogenesis and spectrum of disease, 721, 

721t–722t
therapy for, 723

Ascending pathways, 1019
Asci, 808
Ascites, 1077
Ascocarps, 808, 810f
Ascospores, 793
Ascus (cyst), 858
Aseptate hyphae, 793
Aseptic meningitis, 997
Ashdown medium, 374–376
Aspergillus �avus, identi�cation of, 831, 831f
Aspergillus fumigatus

direct examination of, 830–831, 830f
identi�cation of, 830f

Aspergillus niger, identi�cation of, 831, 831f
Aspergillus spp., 796t

direct examination of, 804t–806t, 830–831, 
831f

epidemiology and pathogenesis of, 827, 828t
pathogenesis and spectrum of disease, 827
virulence factors of, 797t

Aspergillus terreus, identi�cation of, 831, 831f

Aspirates
bone marrow, 1080
gastric, 60t–70t, 522–524
nasopharyngeal, 484
parasites in

microscopic examination of, 633, 633f
specimen collection, transport, and 

processing of, 605t–608t
specimen

collection and handling of, 542, 1081–1082
processing, direct examination, and culture 

of, 1082–1084
suprapubic, 60t–70t
transtracheal, 980

Aspiration pneumonia, 975
ASRs. See Analyte-speci�c reagents (ASRs)
Assays

complement �xation, 158–159, 159f
genotypic, 949
hemagglutination inhibition, 157
immuno�uorescent, 159–160, 160f
immunosorbent

enzyme-linked, 160–163, 162f–164f
solid-phase, 160–161, 162f–163f

neutralization, 158
phenotypic, 948

AST. See Antimicrobial susceptibility testing 
(AST)

Astroviruses, 922
Asymptomatic infections

Entamoeba histolytica and, 650–651, 655
genital tract, 1032
Giardia duodenalis and, 665

Asymptomatic UTI, 1021–1022
Atopobium spp., 507t–509t, 517t–521t

Gram stain morphology, aerotolerance, and 
clinical signi�cance of, 507t–509t

ATP. See Adenosine triphosphate (ATP)
Atrophic rhinitis, 988
Attachment

and e�acement lesion, 341
gastroenteritis and, 1052, 1052f
microbial, 37–38
virus, 887

Audits, in-house quality control, 1090–1091, 
1092b

Auramine-rhodamine �uorochrome stain, 561.
e4b

Auramine-rhodamine stain, 87–88, 88f
fungal, 802t–803t

Aureobacterium spp., 301t–302t
Auritidibacter spp.

epidemiology of, 252t
pathogenesis and spectrum of disease, 254t

Autoclave, gravity displacement, 45–46, 46f
Autoimmune pathogenesis, 888
Autoinfection, 671–672, 723
Automated antimicrobial susceptibility test 

systems, 193f
Automated screening systems in urinary tract 

infections, 1024
Autoradiography, 124
Average nucleotide identity (ANI), 2t
Avid, 150
Axenic culture method, 637
Axial �brils, 587
Axial �laments, 587
Axonemes, 662
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Axostyle, 669, 713
Azithromycin, 177t
Azole antifungal drugs, 881–882
Aztreonam

mechanism of action for, 168t–169t
resistance to, 176t–177t

B
Babesia spp., 696–697, 697f

description of, 602t–603t
laboratory diagnosis of, 622t–626t

Babesiosis
epidemiology of, 610t–613t
pathogenesis and spectrum of disease, 614t–616t

Bacillary angiomatosis, 453–454
Bacilli, 22
Bacillus anthracis, 287–291, 288f

antimicrobial therapy and susceptibility testing 
of, 296–297, 297t

bioterrorism and, 1105t–1106t, 1106f
colonial appearance of, 293–294, 294t
direct detection of, 292–293
epidemiology of, 288, 289t
identi�cation of, 294, 295t
pathogenesis and spectrum of disease of, 

288–291, 289t
processing of, 291–292

Bacillus Calmette-Guérin (BCG), 533
Bacillus cereus, 291

colonial appearance of, 294t
epidemiology of, 289t, 291
in gastrointestinal infections, 1056t–1057t
Gram stain of, 292f
identi�cation of, 294, 295t
pathogenesis and spectrum of disease of, 289t, 

291
spore stain of, 292f

Bacillus spp.
antimicrobial susceptibility testing and therapy 

for, 296–297, 297t
epidemiology of, 289t, 291
general characteristics of, 287–291
incubation of, 293
laboratory diagnosis of, 291–296

cultivation in, 293–294, 294t
direct detection methods in, 292–293, 292f
identi�cation in, 294, 295t
MALDI-TOF MS, 296
nucleic acid detection, 293
serodiagnosis in, 294–296
specimen processing in, 291–292

pathogenesis and spectrum of disease of, 289t, 
291

prevention of, 297
Bacillus subtilis, 291, 295t
Bacillus thuringiensis, 291, 294t
Bacillus cytotoxicus, identi�cation of, 295t
Bacillus �rmus, identi�cation of, 295t
Bacitracin susceptibility, 213b
Back-up broths, 72, 93
BacT/ALERT Microbial Detection System, 963
BACTEC systems, 963
Bacteremia, 953

detection of, 960–966
intravenous catheter-associated, 957, 958b, 

964–965
non-culture based methods, 963–965
types of, 955–956

Bacteria, 21, 1001, 1003
bioterrorism and, 1104b
in bloodstream infections, 954–955
cell wall of, antimicrobial agents that target, 

167–174, 169f–170f
competent, 15
genetics of, 6–17

expression of genetic information in, 9–12, 
10f, 12t, 13f–14f

gene exchange and, 15–17, 16f–18f
genetic recombination and, 15, 16f
metabolism in, 17–21, 19f–20f
mutation and, 15
nucleic acid structure and organization in, 

7–9, 7f–8f
replication and, 9, 10f

Gram stain of, 80–84, 81f–82f
isolation of, from specimens, 101–102, 

103f–106f, 104t
metabolism of, 17–21, 19f–20f
species of, 208–209
stool specimens for, 1060–1061, 1062f

Bacterial agglutination, 155–156
Bacterial cell, 21–24, 22f–23f
Bacterial cell envelope, 22–24, 22f–23f
Bacterial conjunctivitis, 1006–1009
Bacterial cultivation, 91–101

environmental requirements for, 100–101
isolation of bacteria from specimens in, 

101–102, 103f–106f, 104t
nutritional requirements for, 92–100

arti�cial media in, 94–100, 95t–97t, 99f–100f
general concepts of culture media and, 92
media classi�cation and functions in, 93–94, 

93f–94f
phases of growth media in, 92–93, 92f

Bacterial identi�cation, 105–111, 208–250
acetamide utilization for, 210b
acetate utilization for, 211b
approach, rationale for, 208–209
bacitracin test for, 213b
bile esculin test, 214b
bile solubility test for, 214b
butyrate disk in, 215b
CAMP test for, 216b
catalase test for, 217b
cetrimide agar test for, 218b
citrate utilization for, 219b
coagulase test for, 220b
commercial systems for, 116–118, 117f–118f
decarboxylase tests for, 221b
deoxyribonucleic acid hydrolysis for, 222b
esculin hydrolysis for, 223b
fermentation media in, 224b
�agella stain for, 225b
future trends of, 209
gelatin hydrolysis for, 226b
genotypic criteria for, 105–106
growth at 42°C in, 227b
hippurate hydrolysis for, 227b
immunochemical methods for, 154–163

antibodies in, 152–154, 154f
enzyme immunoassays in, 160–163, 

162f–164f
�uorescent immunoassays in, 161–163
immuno�uorescent assays in, 159–160, 160f
particle agglutination in, 155f
precipitation tests in, 155, 155f

Bacterial identi�cation (Continued)
indole production in, 228b
� -Alanine-7-amido-4-methylcourmarin (Gram-

Sure), 212b
leucine aminopeptidase test for, 229b
litmus milk in, 230b
� -pyrrolidonyl arylamidase test, 244b
lysin iron agar in, 231b
methyl red/Voges-Proskauer tests for, 232b
microdase test for, 233b
motility testing in, 234b
MRS broth in, 235b
MUG test for, 236b
nitrate reduction in, 237b
nitrite reduction in, 238b
nucleic acid-based analytic methods for, 

119–148.e2
antimicrobial resistance detection in, 145
applications of, 143
for direct organism detection, 143–145
hybridization methods in, 121–129, 121f

hybridization formats and, 124–129, 
125f–128f

non-PCR-based ampli�cation in, 137–139, 
139t

PCR-based ampli�cation in, 129–136
derivations and, 129–133, 130f–131f
real-time, 133–136, 135f

sequencing and enzymatic digestion of 
nucleic acids in, 140–141, 141f–143f

strain relatedness/pulsed-�eld gel 
electrophoresis in, investigation of, 
126f, 146–147, 146t

ONPG test for, 239b
optochin test for, 240b
oxidase test for, 241b
oxidation/fermentation medium in, 242b
phenotypic criteria for, 106–111

antimicrobial agent resistance or 
susceptibility in, 108–109, 108f

environmental requirements in, 108
identi�cation test battery selection and 

inoculation in, 111–112
incubation for substrate utilization in, 

112–113
limitations of, 119–120
macroscopic morphology and, 108
metabolic activity detection in, 113–115
metabolic pro�le analysis in, 115–116, 115f, 

116t
microscopic morphology and staining 

characteristics in, 107–108, 107f
nutritional requirements and metabolic 

capabilities in, 109–111, 110f
phenylalanine deaminase test for, 243b
pyruvate broth in, 245b
rapid, 112–113
salt tolerance test for, 245b
spot indole test for, 246b
triple sugar iron agar in, 247b
urea test for, 248b
X and V factor test for, 249b

Bacterial metabolism, 17–21, 19f–20f
Bacterial morphology, 21–22
Bacterial vaginosis, 1033–1034
Bactericidal agents, 166–167, 167b
Bactericidal tests, 198–200
Bacteriocins, 971–972
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Bacteriology, 1090
Bacteriophages, 15–16
Bacteriostatic agents, 166–167, 167b
Bacteriuria, asymptomatic, 1021–1022
Bacteroides bile esculin (BBE) agar, 511, 511t, 

513f
Bacteroides fragilis

gram-negative rods, 525–527
pathogenesis and spectrum of disease, 

517t–521t, 525–526, 526f
Bacteroides spp., 507t–509t

Gram stain morphology, aerotolerance, and 
clinical signi�cance of, 507t–509t

as normal �ora, 517t–521t
pathogenesis and spectrum of disease, 

517t–521t
Bags, for specimen collection, 59, 71f
BAL. See Bronchoalveolar lavage (BAL)
Balamuthia mandrillaris, 712–713

clinical �ndings in, 613t–614t
laboratory diagnosis of, 622t–626t

Balamuthia spp., 708t–709t
Balneatrix, colonial appearance of, 394t
Bancroftian �lariasis, 745–746
Bartholin cysts, 60t–70t
Bartholinitis, 1035
Bartonella henselae

epidemiology and pathogenesis of, 452–454
general characteristics of, 453t
identi�cation of, 455, 455f
spectrum of disease, 454

Bartonella spp., 452–456.e1
antimicrobial therapy and susceptibility testing 

for, 455–456
bloodstream infections and, 967
epidemiology and pathogenesis of, 452–454, 

453t
general characteristics of, 452, 453t
identi�cation of, 455f
laboratory diagnosis of, 454
prevention of, 456
serodiagnosis of, 455
spectrum of disease, 454

Base sequence, 2t, 7–8
Basidia, 793–794
Basidiobolales, morphological di�erentiation of, 

818t
Basidiobolomycosis, 819
Basidiospores, 793–794
Battery identi�cation test, selection and 

inoculation of, 111–112
Baylisascaris procyonis, 737–738
BBE agar. See Bacteroides bile esculin (BBE) agar
B. cereus medium (BCM), 293
BCYE agar. See Bu�ered charcoal–yeast extract 

(BCYE) agar
(1,3)-� -D-Glucan, 801
BD Septi-Chek system, 962
BEA. See Bile esculin agar (BEA)
Benchmarking, 1090–1091
Bergeyella zoohelicum

antimicrobial susceptibility testing and therapy 
for, 397t

colonial appearance of, 394t, 427t
direct detection of, 426–427
epidemiology of, 393t
identi�cation of, 427–428, 428t
pathogenesis and spectrum of disease, 393t

Beta-hemolysis, 94–98
Beta-hemolytic streptococci, 94f

in acute pharyngitis and/or tonsillitis, 987t
epidemiology, pathogenesis, and spectrum of 

disease, 271t–273t, 274–275
identi�cation of, 279t
pro�les requiring further evaluation, 205t
in upper respiratory tract infection, 991

Beta-lactam antimicrobial agents, 167–170, 169f
mechanism of action for, 168t–169t
resistance to, 176–178, 177t, 178f–179f, 266
susceptibility testing, 202, 203t, 206

Beta-lactamase, 176–178, 178f–179f
in antimicrobial susceptibility testing, 197f
detection, 197
extended spectrum, 357–358, 360t

Beta toxin, 253
BHI. See Brain-heart infusion (BHI)
Bi�dobacterium spp.

Gram stain morphology, aerotolerance, and 
clinical signi�cance of, 507t–509t

as normal �ora, 517t–521t
pathogenesis and spectrum of disease, 

517t–521t
Bile esculin agar (BEA), 95t–97t, 511
Bile esculin test, 214b
Bile solubility test for Streptococcus pneumoniae, 214b
Bilophila wadsworthia, 507t–509t
Binary �ssion, 9
Binomial system, 3
Bio-Bottle, 56f
Biochemical identi�cation of mycobacteria, 

553–555, 556t–557t, 558f
Biocides, 47
Bio crime, 1103
Bio�lms, 24, 39–41, 41b
Biohazardous material

disposal of, 51, 51f–52f
mailing of, 45t, 56–57, 56f

Biohazard symbol, 52
Biological safety cabinets (BSCs), 46, 53, 55f, 812
Biological safety levels, 52–56, 54t
Biologic antibiotic resistance, 174
Biologic false-positive tests, 158
Biologic resistance, 174
BioMérieux, 194, 194f
Bio-Pouch, 56f
Biopsy

bone, 1080
bone marrow, 1080
of parasites

microscopic examination of, 633, 634f, 635t
specimen collection, transport, and 

processing for, 605t–608t
Biosafety, 50
Biosafety Level (BSL) 1 agents, 52–53, 54t
Biosafety Level (BSL) 2 agents, 53, 54t
Biosafety Level (BSL) 3 agents, 53, 54t
Biosafety Level (BSL) 4 agents, 53, 54t
Biosecurity, 1104
Biosynthesis, 19f, 21
Bioterrorism, 1103–1107.e1

biosecurity and, 1104
general considerations in, 1103
government laws and regulations on, 1103–

1104, 1104b
Laboratory Response Network and, 1105–

1107, 1105f–1106f, 1105t–1106t, 1107b

Biotinylation, 122
Biotype, 3
Biphasic medium, 92
Bipolaris spp., 855

direct detection of, 804t–806t
identi�cation of, 855, 855f
pathogenesis and spectrum of disease, 850t

Biseriate, 831
Bite infections, 1070, 1070f, 1074
Black grain mycetoma, 852–853
Black piedra, 846
Blackwater fever, 694
Bladder

mucosal lining of, 31f
suprapubic aspiration of, 1026

Blastoconidia, 863, 864f, 870
Blastocystis spp., 647t, 649f, 659–662
Blastomyces dermatitidis, 796t

cultivation of, 839–840
direct examination of, 804t–806t, 836f–837f, 836
epidemiology of, 834
identi�cation of, 840–841, 841f
pathogenesis and spectrum of disease, 835
virulence factors of, 797t

Blastomycosis, 834
Blepharitis, 1006, 1007t–1008t
Blind passage, 911
Blood

parasites in. See Blood parasites
Blood agar, 72, 73f, 94–98, 95t–97t

anaerobic, 511t, 512, 524f
Blood–bacitracin agar, 447
Blood-brain barrier, 994
Blood culture, 962–963

anticoagulation and, 961
of Arcobacter spp., 461
of Campylobacter spp., 461
catheter-associated infection detection using, 

964–965
detection of IV catheter-associated infections, 

964–965
dilution and, 961
drawing blood for culture, 960, 969.e2b
handling positive direct and indirect detection, 965
incubation conditions, 962
instrument-based systems, 963
lysis centrifugation system, 962–963, 963f
media for, 961
number of, 961
rapid tests for, 965–966
results of, interpretation, 965–966
self-contained subculture system, 962
site preparation for, 960
specimen volume for, 960–961
timing of, 961
types, 962

Blood �lms for parasites, 633–634, 636b–637b
Blood parasites

description of, 602t–603t
direct detection methods for, 636–637, 638t
epidemiology of, 610t–613t
laboratory diagnosis of, 622t–626t
microscopic examination of, 633–634, 

636b–637b
pathogenesis and spectrum of disease, 

614t–616t
specimen collection, transport, and processing 

of, 605t–608t
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Blood schizonticides, 696
Blood specimen

collection and handling of, 60t–70t, 960–961
fungal, 796–797
mycobacterial, 542

transportation of, 60t–70t
Bloodstream infections, 953

Bartonella in, 967
blood culture technique in, 954b, 959–961

detection of IV catheter-associated 
infections, 964–965

handling positive, 965
incubation conditions, 962
instrument-based systems, 963
lysis centrifugation system, 962–963, 963f
results of, interpretation, 965–966
self-contained subculture system, 962

Borrelia recurrentis in, 967
Brucella in, 967
Campylobacter, 966
case study of, 969.e2b
causes of, 959–960, 969.e1b
central line-associated, 1096
clinical manifestations of, 958–959
extravascular, 958
fungal, 966
HACEK bacteria in, 966
Helicobacter in, 966
in immunocompromised patients, 959–960
intravascular, 956, 957f, 957b
Leptospira spp. in, 967
mortality rates in, 960
mycobacterial, 966–967
Mycoplasma hominis in, 967
specimen collection in, 960–961
types of, 956–958, 957f, 957b
vitamin B6-dependent streptococci and, 967

Blood trematodes, 786–790.e1
case study of, 790.e1b
characteristics of, 786–787, 787f–788f, 788t
epidemiology of, 787
laboratory diagnosis of, 789–790
pathogenesis and spectrum of disease, 787–789
prevention of, 790
therapy for, 790

B lymphocytes in antibody-mediated immunity, 
35, 35b, 36f

B memory cells, 35–36, 36f
Body �uids, 1075–1080, 1076t

joint, 1079–1080, 1079b
pericardial, 1078, 1079b
peritoneal, 1077–1078, 1077f
pleural, 1075–1077, 1076f, 1076t
specimen collection and handling of, 60t–70t, 

1081–1082, 1082f
fungal, 796
mycobacterial, 542

Boils, 1066, 1067t
Bone, 1080

biopsy of, 1080
specimen of

collection and handling of, 60t–70t, 1082
processing, direct examination, and culture 

of, 1082–1084
Bone marrow

aspiration or biopsy, 1080
collection and handling of

fungal, 796–797

Bone marrow (Continued)
parasites in, 604t
specimen collection and handling of, 60t–70t

fungal, 796–797
parasitic, 605t–608t

Bordetella holmesii
antimicrobial therapy and susceptibility testing 

for, 367t
colonial appearance of, 365t
epidemiology of, 363t
identi�cation of, 366t
pathogenesis and spectrum of disease, 364t

Bordetella parapertussis, 482
antimicrobial therapy and susceptibility testing 

for, 485
colonial appearance of, 365t
epidemiology and pathogenesis of, 482–483
identi�cation of, 366t
laboratory diagnosis of, 484–485

approach to identi�cation in, 485, 486t
cultivation in, 485
direct detection methods in, 484
serodiagnosis in, 485
specimen collection, transport, and 

processing in, 484, 484t
prevention of, 486

Bordetella pertussis, 482, 988
antimicrobial therapy and susceptibility testing 

for, 485
case study of, 486.e1b
epidemiology and pathogenesis of, 482–483, 

483t
laboratory diagnosis of, 484–485

approach to identi�cation in, 485, 485f, 
486t

cultivation, 485, 485f, 991
direct detection methods, 484
serodiagnosis, 485
specimen collection, transport, and 

processing, 484, 484t
prevention of, 486
spectrum of disease, 483–484, 483b
upper respiratory tract infections caused by, 

988, 991
Bordetella trematum

colonial appearance of, 365t
epidemiology of, 363t
identi�cation of, 366t
pathogenesis and spectrum of disease, 364t

Boric acid, 59
Borrelia burgdorferi, 594
Borrelia recurrentis, 967
Borrelia spp., 587t, 593–597, 594f, 596f
Borreliosis, 593
Bothria, 753
Botulinum neurotoxin (BoNT), 521–522
Bound coagulase, 260
Brachyspira spp., 597–598
Bradyzoites, 715, 717t
Brain. See also Central nervous system (CNS)

abscess of, 998
fungal, 849
laboratory diagnosis of, 1003

parasites in, impression smears for, 635t
Brain-heart infusion (BHI), 95t–97t, 98, 

799t–800t
Branched DNA, 127
Branching gram-positive bacilli, 322–334.e1

Breakpoint panels in broth dilution, 188
Breakpoints in broth dilution, 188
Brevibacillus brevis

antimicrobial therapy and susceptibility testing 
of, 297t

colonial appearance of, 294t
identi�cation of, 295t

Brevibacillus spp., 291
epidemiology of, 289t
Gram stain of, 304t–305t
pathogenesis and spectrum of disease of, 289t

Brevundimonas diminuta
colonial appearance of, 375t
identi�cation of, 377t

Brevundimonas spp.
antimicrobial susceptibility testing and therapy, 

381
characteristics of, 371
epidemiology of, 371
pathogenesis and spectrum of disease, 372

Brevundimonas vesicularis, identi�cation of, 377t
Bright-�eld microscopy, 78–85, 78t, 79f

contrast in, 79
de�ned, 77–78
magni�cation in, 78
resolution in, 78–79
staining techniques for, 80–85

acid-fast stain, 84–85, 85f–86f
Gram stain, 80–84, 81f–82f, 81.e1b
smear preparation, 79–80, 80f

Brilliance agar, 95t–97t
Broken glass, disposal of, 51, 52f
Bronchi, 970
Bronchioles, 970
Bronchiolitis, 973–974, 974b
Bronchitis, 974, 974t
Bronchoalveolar lavage (BAL), 605t–608t
Bronchoalveolar washes, 893
Bronchoscopy specimens, 979–980
Bronchus-associated lymphoid tissue (BALT), 971
Brood capsules, 767–768
Broth, 92, 92f, 95t–97t

brain-heart infusion, 95t–97t
Campylobacter thioglycollate, 95t–97t
dilution testing, 185–188, 186f, 186t, 187b
enrichment, 93, 1061
for fungal culture, 799t–800t
gram-negative, 95t–97t, 98
MRS, 235b
pyruvate, 245b
for routine bacteriology, 95t–97t
thioglycollate, 95t–97t, 99–100, 99f

Brucella spp., 476–481.e1
antimicrobial therapy and susceptibility testing 

for, 481
bioterrorism and, 1105t–1106t
in bloodstream infections, 959t, 967
case study of, 481.e1b
epidemiology and pathogenesis of, 476–477, 

477t
identi�cation of, 479–481, 480t
laboratory diagnosis of, 477–481, 479f, 480t
prevention of, 481
spectrum of disease, 477

Brucellosis, 476
Brugia malayi, 622t–626t, 748
Brugia timori, 748
Brush border, 1045
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BSCs. See Biological safety cabinets (BSCs)
Bubo, 565, 1042
Bubonic plague, 345

vaccine, 361
Buccal capsule, 726
Bud, 863
Budding, 888
Bud scar, 863
Bu�ered charcoal–yeast extract (BCYE) agar, 93, 

95t–97t, 471
Bu�ered formalin, 59
Bu�y coat �lms, 634
Bulb, 726
Bullae, 1067t, 1072–1073
Bulleidia spp., 507t–509t
Bunyaviruses, 927
Burkholderia cepacia

antimicrobial therapy and susceptibility testing 
for, 381

colonial appearance of, 375t
cultivation, 374f
epidemiology of, 371
identi�cation of, 376, 376f, 378t

Burkholderia gladioli
antimicrobial therapy and susceptibility testing 

for, 367t
colonial appearance of, 365t
epidemiology of, 363t, 371
identi�cation of, 366t
pathogenesis and spectrum of disease, 364t

Burkholderia mallei
colonial appearance of, 375t
epidemiology of, 371
identi�cation of, 378t

Burkholderia pseudomallei
antimicrobial therapy and susceptibility testing 

for, 381
epidemiology of, 371
identi�cation of, 378t

Burkholderia spp.
antimicrobial susceptibility testing and therapy, 

381
epidemiology of, 371
general characteristics of, 371
laboratory diagnosis of, 373–381, 374f, 375t, 

376f, 378t
nucleic acid detection, 374
pathogenesis and spectrum of disease, 372
prevention of, 381

Burn wound infections, 1070–1071, 1074
Butyrate disk, 215b

C
Calabar swellings, 749
Calco�uor white–potassium hydroxide 

preparation, 813.e1b
Calco�uor white stain, 88, 802t–803t, 807f
CAMP test. See Christie, Atkins, and Munch-

Peterson (CAMP) test
Campy-BA, 460–461
Campy-blood agar, 95t–97t
Campylobacter agar base blood free (CCDA), 

460–461
Campylobacter coli

case study of, 467.e1b
epidemiology and pathogenesis of, 458–459
identi�cation of, 463t
spectrum of disease, 459t

Campylobacter jejuni
case study of, 467.e1b
cultivation of, 461–462
epidemiology and pathogenesis of, 458–460
Gram stain of, 461f
identi�cation of, 462f, 463t
spectrum of disease, 459t

Campylobacter spp., 457, 458f
antigen detection of, 460
antimicrobial susceptibility testing and therapy 

for, 462
in bloodstream infections, 954–955, 966
case study of, 467.e1b
characteristics of, 457, 459t
cultivation of, 461–462
direct detection of, 460, 461f
epidemiology and pathogenesis of,  

457–460
gastrointestinal infections caused by, 

1056t–1057t, 1061
identi�cation of, 462, 462f, 463t
media for, 460–461
prevention of, 462–464
specimen collection, transport, and processing 

for, 460
spectrum of disease, 459t, 460

Campylobacter thioglycollate broth, 95t–97t
Campy medium (CVA), 460–461
Canaliculitis, 1007t–1008t, 1010–1011
Candida albicans

on cornmeal agar, 873, 876–877, 879.e2b
germ tube of, 864f, 873
identi�cation of, 864–865, 873
pathogenesis and spectrum of disease, 867

Candida spp., 796t–797t, 865
on cornmeal agar, 876–877, 879.e2b
cultivation of, 872
direct examination of, 804t–806t
epidemiology of, 865–867
germ tube of, 873
identi�cation of, 873
rapid urease test for, 873
staining of, 870, 870f
in thrush, 989

Candidiasis, 867
Capillaria philippinensis, 721t–722t, 729
Capillary electrophoresis, 139–140
Capnocytophaga spp.

colonial appearance of, 440t
epidemiology, spectrum of disease, and 

antimicrobial therapy, 436–437, 
436t–438t

laboratory diagnosis of, 437–439, 441t
Capnophilic, 101
Capsid, 885
Capsomeres, 885
Capsule, 24
Carbapenamase resistant Enterobacterales  

(CRE), 358–361
Carbapenemase-producing Enterobacterales  

(CPE), 169
Carbapenem resistance, 358–361
Carbohydrate oxidation and fermentation, 110
Carbohydrate utilization, 877, 879.e2b
Carbohydrate utilization tests, 877, 879.e2b
Carbon dioxide, bacterial cultivation and, 101
Carbuncles, 253, 1065, 1067t
Carcinogen, 48

Cardiobacterium hominis
colonial appearance of, 440t
epidemiology, spectrum of disease, and 

antimicrobial therapy, 436–437, 
436t–438t

identi�cation of, 440t
Cardiobacterium spp.

epidemiology, spectrum of disease, and 
antimicrobial therapy, 436–437, 
436t–438t

laboratory diagnosis of, 437–439
Cardiovascular syphilis, 589
Carotenoids, 535
Carriers, 27b, 37
Carrion disease, 454
Caseating necrosis, 973
Caseous material, 533
Caspofungin, 882
Catabacter spp., 507t–509t
Catabolic, 13–14
Catalase-negative, gram-positive bacilli, non-

branching, 314–321.e1
Catalase-negative, gram-positive cocci, 229b
Catalase-positive, gram-positive bacilli, non-

branching, 287–297.e1
Catalase-positive, gram-positive cocci, 251–268.

e3, 268.e1b
Catalase test, 109, 217b

for mycobacteria, 555, 558f
in urinary tract infections, 1024

Catarrhal stage, 483
CAT detection. See Chloramphenicol 

acetyltransferase (CAT) detection
Category A agents, 1104
Category B agents, 1104
Category C agents, 1104
Cathartics, 528
Catheter

intravenous, bacteremia associated with, 957, 
958b, 964–965

urine collection from, 1023
Catheter-related infection (CRI), 957, 964–965
Cat-scratch disease (CSD), 453–454
Causative agents, 43
CCFA. See Cycloserine cefoxitin fructose agar 

(CCFA)
CDC. See Centers for Disease Control and 

Prevention (CDC)
CDC group EO-2

identi�cation of, 389
media for, 389

CDC group OFBA-1, 385t
epidemiology of, 385t

Cefoperazone, vancomycin, amphotericin (CVA) 
medium, 95t–97t

Cefsulodin-irgasannovobiocin (CIN) agar, 
95t–97t, 346, 347t–350t

Ceftriaxone
anatomic distribution of, 166t
mechanism of action for, 168t–169t

Cell cultures, virus, 909–910
Cell envelope, bacterial, 22–24, 22f–23f
Cell line, 910
Cell-mediated immune responses, 150
Cell-mediated immunity, 35
Cell membrane function, inhibitors of, 170–171
Cellophane tape preparation, 813.e1b

for pinworms, 605t–608t, 628, 632f
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Cellular appendages, 23–24
Cellular immunity, 35
Cellular membrane, 23
Cellulitis, 1067–1069, 1068f, 1068t, 1073
Cellulomonas spp.

antimicrobial susceptibility testing and therapy 
for, 311t

epidemiology of, 299t–300t
Gram stain of, 304t–305t
identi�cation of, 308t
pathogenesis and spectrum of disease of, 

301t–302t
Cellulosimicrobium cellulans, 308t
Cell wall, 22f, 23
Cell wall-de�cient bacteria, 576–585.e3

antimicrobial susceptibility testing and therapy 
for, 584

case study of, 585.e3b
cultivation of, 581–584, 582t, 583f–584f
epidemiology and pathogenesis of, 577–580, 

578t–579t
general characteristics of, 576–577, 577f
laboratory diagnosis of, 580–581

direct detection in, 581
specimen collection, transport, and 

processing of, 580–581, 582t
spectrum of disease, 578t–579t, 580

Cell wall septum, 863
Cell wall synthesis inhibitors, 167–174, 

169f–170f
Centers for Disease Control and Prevention 

(CDC)
description of, 51
Standard Precautions of, 51

Central body form, Blastocystis spp., 661
Central line-associated bloodstream infections 

(CLABSIs), 954, 1096
Central nervous system (CNS)

anatomy of, 993–994, 994f–995f, 994t
infections of

brain abscess, 998
case study of, 1004.e1b
CSF shunts, 999
encephalitis/meningoencephalitis, 997–998
laboratory diagnosis of, 999–1003
meningitis, 994–997, 999–1003
routes of, 994

parasites in, 604t–608t
Central vacuole form, Blastocystis spp., 661
Centrifugation, lysis, 962–963, 963f
Centrocestus spp., 777
Cephalic hooklets, 741
Cephalosporinases, 169
Cephalosporins, 203t
Cercariae, 774
Cerebral angiostrongyliasis. See Parastrongylus 

cantonensis
Cerebral chromoblastomycosis, 849
Cerebrospinal �uid

anatomy of, 993–994, 994t, 995f
laboratory results, 1000
shunts, 999
specimen collection and transportation of, 

60t–70t
fungal, 796–798
in meningitis, 999
in parasitic infections, 605t–608t

stained smear of sediment, 1000

Cereulide, 291
Cervicitis, 1034–1035

culture in, 1040
direct microscopic examination in, 1039–1040, 

1039f–1040f
nonculture diagnosis in, 1040–1041, 1041f
specimen collection in, 1037–1039

Cervix specimen, 60t–70t, 1038
Cestodes

description of, 602t–603t
epidemiology of, 610t–613t
intestinal. See Intestinal cestodes
laboratory diagnosis of, 622t–626t
pathogenesis and spectrum of disease, 

614t–616t
tissue, 765–773.e2

case study of, 773.e1b
Echinococcus granulosus, 766t, 767–769, 

768f–769f
Echinococcus multilocularis, 766t, 769–770
Echinococcus oligarthrus, 770–771
Echinococcus vogeli, 770–771
Spirometra mansonoides, 772–773
Taenia multiceps, 771
Taenia serialis, 771–772
Taenia solium, 765–767, 766t

Cetrimide agar test, 218b
CF. See Complement �xation (CF) test
CFA. See Colonization factor antigen (CFA)
Chambers, anaerobe, 510, 510f
Chancres, 588
Chancroid, 445
Charcoal-based selective medium (CSM), 

460–461
Charcot-Leyden crystals, 784
Chemical disinfectants, 47–48
Chemical hygiene plan, 48
Chemical safety, 48–49, 48f–49f
Chemical sterilants, 45, 47
Chemiluminescence, 124
Chemiluminescence immunoassays (CIAs), 592
Chemiluminescent reporter molecules, 122–123, 

123f
Chemoprophylactic agents for parasitic infection, 

639
Chemotaxis, 34
Chemotaxonomic methods, 1
Chemotaxonomic properties, 2t
Chickenpox vaccine, 951t
Children

bacteremia detection, 960–961
community-acquired pneumonia in, 975–976
sinus infections in, 1015
viral diseases in, 919, 928

Chilomastix mesnili, 667–668
cysts of, 645t, 665f, 667
laboratory diagnosis of, 622t–626t
trophozoites of, 645t, 663f, 665f, 667

Chimeric molecule, 948–949
Chlamydia pneumoniae, 564t, 568–570, 569f
Chlamydia psittaci, 564t, 568
Chlamydia spp., 563–570, 563f, 564t
Chlamydia trachomatis, 563–568, 564t

antimicrobial susceptibility testing and therapy 
for, 567–568

case study of, 1044.e1b
cultivation of, 567, 567t
direct detection of, 566–567

Chlamydia trachomatis (Continued)
antigen and nucleic acid detection, 566–567, 

566f
cytologic examination for, 566

epidemiology and pathogenesis of, 564–565
general characteristics of, 564, 564t
prevention of, 568
serodiagnosis of, 567
in sexually transmitted diseases, 1034t
specimen collection and transport of, 566
spectrum of disease, 565

Chlamydoconidia, 808, 811f
Chloramphenicol, 168t–169t, 172, 176t, 180b
Chloramphenicol acetyltransferase (CAT) 

detection, 197–198
Chocolate agar, 95t–97t, 98

for anaerobic bacteria, 512
for Staphylococcus spp., 257–258
for streptococci and enterococci, 257–258

Cholangitis, 767–768
Cholera, 406

antimicrobial susceptibility testing and therapy 
for, 411

epidemiology of, 406
pathogenesis and spectrum of disease, 406–407, 

406t
serodiagnosis of, 411

Cholestasis, 767–768
Chorioamnionitis, 1036
Chorioretinitis, 1010
Choroid, 1005
Christensen’s method, 248b
Christie, Atkins, and Munch-Peterson (CAMP) 

test, 216b, 283
CHROMagar, 257, 257f, 873–875
CHROMagar Candida, 873–875
Chromatoidal bars, 647–649
Chromobacterium violaceum

antimicrobial susceptibility testing and therapy 
for, 411

epidemiology of, 405t, 406
general characteristics of, 405
key biochemical and physiologic characteristics 

of, 412t
laboratory diagnosis of, 407–411, 408f, 409t
pathogenesis and spectrum of disease, 406t, 

408
prevention of, 411

Chromoblastomycosis, 849
cultivation of, 852
epidemiology and pathogenesis of, 849
etiologic agents in, 849, 850t
identi�cation of fungi in, 853–854, 854f
staining in, 851, 851f

Chromosomes, 8
Chronic bronchitis, 974
Chronic disease, Giardia duodenalis and, 666
Chronic infections

description of, 41, 42f, 42b
lower respiratory tract, 977–978

Chronic otitis externa, 1013
Chronic/persistent infection, virus, 888
Chryseobacterium spp.

antimicrobial susceptibility testing and therapy 
for, 395, 397t

characteristics of, 392
epidemiology of, 392–393, 393t
laboratory diagnosis of, 394, 394t, 396t
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Vincent angina, 987
Vincent disease, 587
Viral assembly, 888
Viral detection

mass spectrometry, 913
serologic methods, 913–915

Viral encephalitis, 998
Viral hemorrhagic fever, 924
Viral inclusions, 904, 905f
Viral infectious cycle, 887f
Viral neutralization, 36
Viral pneumonia, 977
Viral taxonomy, 885–887
Viremia, 888
Viridans streptococci

antimicrobial therapy and susceptibility testing 
of, 203t, 205t

direct detection of, 281t
epidemiology, pathogenesis, and spectrum of 

disease, 271t–273t, 275–276
Virtual phenotype resistance assay, 948
Virulence, 37

genetics of, 39–41
Virulence factors, 37–39, 38b–39b, 795

of medically important fungi, 797t
Viruses, 884, 886f, 917.e1b, 1003. See also speci�c 

virus
antiviral resistance and, 946–948, 951
antiviral susceptibility testing and, 948–951
antiviral therapy and, 946, 947t
arenaviruses, 921
bioterrorism and, 1104b
in bloodstream infections, 955
bone marrow for virus detection, 897
bronchial washes, 893
bunyaviruses, 927
caliciviruses, 922
case study of, 945.e1b
clinical virology laboratory, 889–891, 

892t–893t
coronaviruses, 922–924
cytomegalovirus antigenemia stain,  

917.e5b
detection methods, 904–913
diagnostic methods, 889–891, 892t–893t
dried blood samples, 897
epidemiology, 888
eradication of, 951–952
�loviruses, 924–925
�aviviruses, 925–927
genital specimens, 897
genome of, 8
hepadnaviruses, 928–929
hepevirus, 929
herpes viruses, 929–931
in human diseases, 889, 890t, 918, 919t. See 

also speci�c virus
oral secretions, 897
orthomyxoviruses, 933–934
papillomaviruses, 934–935
paramyxoviruses, 935
parvoviruses, 936
pathogenesis, 888, 889f
picornaviruses, 936
poxviruses, 940
preservation and storage of, 916, 917.e7b
prevention, 888–889
prevention of viral infections, 951–952

Viruses (Continued)
immune prophylaxis and therapy, 951, 952t
vaccinations, 951, 951t

rectal swabs and stool specimens, 894, 
895t–896t

reoviruses, 940–941
replication, 887–888
retroviruses, 941–943
rhabdoviruses, 943
serum for antibody testing, 897–898
skin and mucous membrane lesions, 894–896
specimen processing, 898–904, 899t
specimen selection and collection, 891–898
specimen transport and storage, 898
spectrum of disease, 888
sterile body �uids, 896–897
stool and rectal swabs of fecal specimens, 894, 

895t–896t
stool specimens for, 1059
structure, 885
syndromes and pathogens, 889, 890t
taxonomy, 885–887
therapy, 888–889
tissue specimens, 897
togaviruses, 943
vaccinations, 888–889

Virus-induced CPE, 909
Visceral larva migrans (VLM), 736
Visceral leishmaniasis, 702
Visceral pleura, 1075–1076
Visual examination in upper respiratory tract 

infections, 990, 992
Vitamin B6-dependent streptococci, 967
Vitek 2, 193
Vitek cards, 117f–118f
Vitek Legacy system, 193
Vitox, 465–466
Vitrectomy, 1012
Vitreous �uids, specimen collection and 

transportation of, 60t–70t
Vitreous humor, 1005
Vittaforma spp., 622t–626t, 648t
Voges-Proskauer (VP) test, 232b
Voriconazole, 882
VP test. See Voges-Proskauer (VP) test
VSPs. See Variant-speci�c surface proteins (VSPs)
VTEC. See Verotoxigenic Escherichia coli (VTEC)
Vulva, 1029
Vulvitis, 1032
VZV. See Varicella-zoster virus (VZV)

W
Water-borne infections, 1055
Wayson, 345
Weeksella virosa

colonial appearance of, 394t, 427t
direct detection of, 426–427
epidemiology, spectrum of disease, and 

antimicrobial therapy, 426t
identi�cation of, 427–428, 428t
pathogenesis and spectrum of disease, 393t

Weil disease, 598–599
Weil-Felix reaction, 572, 575.e3b
Weil-Felix test, 156
Weissella confusa

colonial appearance of, 317t
direct detection of, 281t
identi�cation of, 318t–319t

Western blot immunoassays, 163, 164f
West Nile virus, 926
Wet-mount technique, 85, 813.e1b

of feces in gastroenteritis, 1059
for fungi, 802t–803t

Whipple disease, 573
White grain mycetoma, 852–853
White piedra, 870
Whole blood, parasites in, 604t
Whole genome next generation sequencing, 148
Widal test, 156
Wilkins Chalgren agar, 465–466
Woolsorters’ disease, 290
Wooly colony texture, 807
Wooly textures, 807
Wound aspiration for mycobacteria specimen,  

542
Wound infections, 1069–1072, 1070f–1072f, 

1070b, 1073b
Wright stain, fungal, 802t–803t
Wuchereria bancrofti, 622t–626t, 744–748, 746f

X
X and V factor test, 249b
Xenodiagnosis, 639, 701
Xenopsylla cheopis, 641f
X factor, 443
“X” factor, 98
XLD agar. See Xylose-lysine-desoxycholate (XLD) 

agar
Xylose-lysine-desoxycholate (XLD) agar, 100, 

100f, 347t–350t

Y
Yeast Biochemical Card, 875
Yeasts, 863–879.e3, 792

antigen detection of, 871–872
case study of, 879.e3b
characteristics, 863–865
cultivation of, 872, 872f
direct examination of, 804t–806t
epidemiology of, 865–867
features of, 803, 808f, 876t
identi�cation of, 874f

approach to, 872–875
commercially available systems for,  

875–877
conventional methods, 877

pathogenesis and spectrum of disease,  
867–870

staining of, 870–871, 870f
Yellow fever, 925

vaccination against, 951t
Yersinia enterocolitica

acute pharyngitis and/or tonsillitis caused by, 
987t

cultivation of, 346–351, 350f
epidemiology of, 337t
gastrointestinal infections caused by, 356t, 

1056t–1057t
pathogenesis and spectrum of disease, 

338t–339t
Yersinia pestis

bioterrorism and, 1105t–1106t
colonial appearance of, 350–351
epidemiology of, 337t
pathogenesis and spectrum of disease, 336–339, 

338t–339t
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Yersinia pseudotuberculosis
epidemiology of, 337t
gastrointestinal infections caused by, 356t
pathogenesis and spectrum of disease, 338t�339t

Yersinia spp., 345, 352t�353t
Young adults, community-acquired pneumonia 

in, 976�977

Z
Zephiran-trisodium phosphate method, 543
Ziehl-Neelsen acid-fast stain, 84�85, 84.e1b, 85f, 

545
Zika virus, 926
Zone edge test, 197
Zone of equivalence, 155

Zoonotic disease, 601�609
Zoonotic infections, 28�29
Zoophilic species, 820�821
Zoophilic Trichophyton, 820�821
Zoster, 903�904
Zygomycetes. See Mucorales
Zygospores, 793
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