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(a) The finest level of lymphatic circulation
begins with blind capillaries that pick up
fluid, white blood cells, and microbes or

m)mmmwmpnmaamm
larger ducts that ditimately flow into clusters
mmedamdmmngom the lymph

(c) The center diagram shows a section
through

house
saveral types of white blood cells, primarily T
Bl

and dendritic cells. Here, foreign material is
filtered out, processed, and bacomes the
focus of various immune responses.

(d) LmeMswmmm
lymph nodes uﬂavevimdslmnasydmn
of larger drainage vessels, which ultimately
lupevslnsmavme heart. In
this way, cells and of immunity
continually enter the regular circulation.

FIGURE 14.13

Scheme of circulation In the lymphatic vessels and lymph nodes.

Antibodies

Humoral Immunity

FIGURE 14.11
Summary of the general
lymphocytes, which are t|
reactions. B cells and T
diverge into two cell lines.
cannol differentiate them of
large nucleus—cytoplasm

%5 kit

At caliuld

Mature in
bone marrow

stimulus ——»

Activated

Humoral Immunity Cell-Mediated Immunity
FIGURE 14.10

Summary of the devel and functions of Iy Y
which are the of specific il B cells and

T cells arise from the same stem cell but later diverge into two cell lines.
Their appearances are similar, and one cannot differentiate them on the
basis of staining. Note the relatively large nucleus—cytoplasm ratio and
the lack of granules.
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The Acquisition

Immunity and Its A

lymphocytes that are responsible for specitic. acquired im-
munities. In out more detalled examination, we will discover
the complex adaptations for defense against microbes, cancer, and
foxic substances. This background will prepare you for coverage of

T he primary focus of this chapter is the remarkable system of

immune testing, allergy, and immune deficiency in chap-
W17

specific host detanses are derived frotn a dual system of
tes that are genetically programmed to react with fareign
o (antigens) found in microbes and other organisms
lis carry glycoprotein receplors that dictate their specificity and

peyles have antibody receptors. T lymphocytes have T-cell

k. and macrophages have histocompatibility receptors such as
HHLA

Ind T calls arise in the bone marrow, where they proliterate and

W‘ u-ml . separse m"'ﬂ' extrame variations in the expression of raceptor genes
a second en; jation of lymphocytes creates billions of genetically different

zyme

activatas C3. Al this same site, C3hhdlb

cs;ndnmmnnhnupmmmn
the membrane.

at each have a unique specicity for antigen

ls reach final maturity in special bone marrow sites, and the
pach final maturity in the thymus gland.

s of lymphocytes home (migrata) (o separate sites in lymphoid
hers thay sarve as a constant source of immune cells primed 1o

An immune system huddle Tha large central dendritic call esmmuricates wil
ateam of smaller T lymphocytes. giving the signal for the next play. From this

(c) Polymerization. CSy is a reactive site for
lax.

Lymphocyte
stem coll maturation

mmune

Up to 15 of thesa C8 units ring the %oal'l‘rmnl
cantral core of the complex —— / st
establishment of B and T
cells in lymphoid organs
Lymphnoda  Splean
(d)Membrane attack. The final product of Dendritic coll procasses antigen i

these reactions is a large, donut-shaped
anzyme that res small pores
through the membrane, leading to cell
lysis.

(&) Anlbcum miorogaph (187,000x) of a §
puncture sites over
m Awsg leﬁth-t. mm stuctures|
ar the actual enzyme complex

FIGURE 14.22

Steps in the classical complement pathway at s
single site, See text for more description

Coll-Mediated

call (Ts)
lMc!udc T cella (Tc)
Dolayed atlargy (Tp)

Immunity

FIGURE 15.1
‘Overview of the stages of 1. ol B- and THymiphocyle specificity and migration to lymiphe
organs. B, Antigen processing by and Bcells by Tcels B and MT. Lymphocyte activ
clonal expansion, and fomation of memmory B and T celts. IV, Humoral immunity, B-all ine producas anbbodies (0 raact wil the cxiginal aatiger

V. Cell-mediated immunity. Activated T cells perfortn various functions. depending on the signal and tyne of anfigen. Details of these processesar
covered in each coftesponding seetion
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Physical and Chem
Control of Microb

alarge, diverse population of microorganisms. The complete

exclusion of microbes from the environment ks nat only impos-
sible but of questionable value. In many Instances. however, our health
and comfort can depend on the ability 1o destroy, inhibit, and remove
microbes In the habitats we share. These techniques. also known as
antimicrobial control, are very broad in scope. Thay Include routine ac-
tivities such as cleaning. refrigeration. and cooking. They are also of
central impartance in tha medical. dental. and commercial settings to
prevent infection and spoilage. and 1o ensure the safaty of food. water,
and other products. Both this chapter and chapter 12 will survey im
portant aspects of microbial control

T he natural candition of humanity is to share surroundings with

Chapter Overview

* The contro! of micrabes in the enviranment is a constant concam of
heatth care and industry since microbes are the cause of infaction and

B A BOE R A
PRSI, BRI 72 e
23 45 9 A T

technique. including the material being treated. the typa of microbes
involved. the microbial Ioad, and he time available for reatment

* Antimicrobial agenis darnage microbes by disrupting the structure of
the cell wall or cell membrane, praventing synthesis of nucleic acids
(DNA and RNA), or altering the function of celiular protains.

* Microbicidal agerts kill micrabes by inflicting nonreversible damage to
the cell agent inhibit the
microbes but do not inflict ireversible damage: Mechanical antimicrobial
agents physically rermove microbes from materials but do not

I necessarily killor inhibit thern

: sy + Heal is «: fmost important physical agent in micobial control and can Much of the timc in our daily existence, we take for granted tap wa-

At Y i be delivered in both moist (steam sterilization, pastsurization) and dry ter thatis drinkablc, food that is not spoiled, shelves full of products

I to eradicate “germs,” and drugs to treat infections. Controlling our

= 2 (incinerators. Bunsen burmers) forms *
% ! « Radiation oxposas malarials 1o Kigh snaray waved thal can ante and degree of exposare to potentially harmful microbes is a mmu;:::-
L b e AR D et Dl ory (His-

A look down the cleaning mmn ‘aisle of mast any atore will confirm our

) with ricrobial control

Controlling Microorganisms

346  CHAPTER 11 Physical and Chemical Control of Microbes

Aloohols dissolve membrane lpids and destroy cell proteins. Their

. dapends upon th X d R
ol agenta of rcob i by sl ‘action dapends upon thair concentration, but thay ara genarally only :

state and chemical nature. 4

Hydrogen paroxide is a versatile microbicide that can be used as an i
Chemical agents can be sither microbicidal or microbistatic. They are
oty g antiseptic for wounds and a disinfectant for ulensils. A high NG

concentration is an eMective sporicide. I
Fu that determiinie i of a chamical agent include the a0 b two nd They reduce cell
typa and numbers of microbas involved, tha material involvod, the membrane sirtace tansion, cAusing membrane nipkiFe, Cationic
strangth of the agent, and the axposure tima. detergents, or quats, ars low-level germicides fimited by the amount

hoothe chamical agunts:at both ---“ of organic matier prasent and the microbial load: |
‘Chioiin ; 1
m: e waer, food, Aldahydas am potent sterilzing agents and high-level disinfectants that

Etfivione oxide

otk i
work by

ik, l
Liquids can be either aqueons (water based) or tinctures (alcohol

Physical methods for controlling microosgunisms
A Moist heat denatures proteinis and DNA. while destmying
membranes. ).
1. Sterilization: Autoclaves uilize steam under €. Halogens are chemicals hased on clements from group VI of the
sterilize best resistunt materials while intermittent :I-mhaﬂnn periodic Lable
can be used to sterilize more delicate items. 1. Chlorine is used as chlorine gas. hypochlorites and
2 i subjects liquids to All work by disrupting disulfide bonds and.
below 100°C and is used to lower the microbial load m hquids. gaven adequate time. are sporicidal
Boiling water can be used to destroy vegetative pathogens in . lodine is found both as free todine (1) and rodopbors (iodine

~

the home. bound o organic polymers such as soaps). lodine has a mode
B. Dry heat. using higher temperatures than moist heat, ¢an also be of action similar to chlonme and is also sporicidal given
used o sterilize. enough time.

<

1. Incineration can be carmied out using 3 Bunsen bumer or Phenolics are chermicals based on phenol that work by disrupting

incinerator. “lemperatures range between 600°C and 1800°C
2. Dry ovens mngnhlt proteins at Izmpcrzlmu of 15° o 180°C.
C. Cold i (G
15°C) and freezing (helwv 0°C| munmomy used (o preserve food.
media and cultures.

D. Drying and desiceation lead to (often temporary boli dusinfectants.
inhibition by reducing water in the cell. . Clilodhesidine (Hibiclens. Hibitane ) s a surfactant and protein
E. Radiation: FEnergy in the form of radiation 15 a method of cold denaturant with broad microbicidal propertios, although it i not

tion, which works by mtroducing mutations into the

DNA of target cells,

1. Tomizing radistion, such as Gamma rays and X-rays, hias deep
penetrating power and works by causing breaks in the DNA of
Largel organismy.

2. Nonionizing radiation uscs ultraviolet waves with vory little
penetrating power and works by creating dimers between
adjacent pyrimicdines, which interferes with replication

F. Filtration involves the physical removal of microhes by passing
gas or liquid though a fine filter and can be used fo sterilize air as
well as heat sensitive liguids

1L, Chemical Control of Mi

A. Chemicals are divided into sterilants,

. Ethyl and isopropyl aleobol. 1n concentrativns of S0% o 0%, are

. Detergents und soaps

cell membranes und precipitating proteins. ‘They are bactericidal,

fungicidal and vireidal. but not sporicidal

1. Although phenol is tow considered too toxic to be used in
most circumstances. phenolic compounds (Lysol, Triclosan)
are commonly used as. or added to. home and hospital

sporicidal. Solutions of chlorhexidine are used as skin degerming
agents for preoperative serubs, skin cleaning and hurms

useful for microbial control. Alcolials act as surfactants,
dissolving membrane lipids and coagulating proteins of vegetitive
bacterial cellx and fangi. They arc not sparicidal.

Hydrogen peroxide produces highly reactive hydroxyl-free
radicals that damage protein and DNA while also decomposing o
O, gas, which is toxic o anserobes. Strong solutions of H,0, are
sporicidal

I Cationic detergents known as quaternary ammoniuvm

(quats) act ax surfactans that alter the membrane

sanitizers and degermers based on their level u{
and the surfaces to which they are applied.

lity of some bacteria and fungi. They are not sponeadal
2. Soups have little microbicidal activity but rather function by
removing grease and soil that contain microbes.
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MULTIPLE-CHOICE QUESTIONS

1. A microbicidal ageat has what effect?

a sterilizes c. I8 loxic to human cells
b inhibits d. destroys

2. Micrbial control methods that kill ____ are able to sterilize
4. viruses %, auloqm\el

b. the tubercle bacillus . cysts
3. Any process that destroys the non-spore-forming contaminants on

inanimte objects is
A antisepsis ¢ sterilization
by disinfection d. degermation

4. Sanitization is  process by whicli
. the micrabinl load on objects is reduced
b. abjects are made sterile with chemicals
<. utensils are scrubbed
d. skin is debrided

5. An example of an agent that lowers the surface tension of cells is

a. phenol ¢ aleobol
b. chlorine d. formalin
6. High temperatures ___ and low temperatures

a. sterilize, disinfect

b, kill cells. inhibit cell growth

¢ denature proteins, burst cells

d. speed up metabolism, slow down metabolism
7. The temperature-pressure combination for an autoclave is

# @ 100°C and 4 psi c 131°C and 9 psi

i) st b. 121°C and 15 psi d. 115°C and 3 psi
Sl : 8. Microbes) that is/are the target(s) of pasteurization include:
Wi, w. Clostridium botulimum ¢ Sulmonella species
b. Mycobacterium species . both b and ¢

41 T Fls CONCEPT QUESTIONS
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10, 0. What e sevenil microblul targets of pasteurization?
b, What are the primary purposes of pasteurization?
¢ What is ultrapasteurization?
- Explain why desiccation and cold are not reliable methods of
disinfection.
120 a. What are some advantages of lonizing radiation as s method of
control/
b. Some disadvantages?
13. & What s the precise mode of action of ultraviolet radiation?
b, What are some disadvantages (0 its use?
. What are the superior characteristics of indophioes over free indine
wlutions?

CRITICAL-THINKING QUESTIONS

1. What is wrong with this statement: *“Prior to vacelnation, the patient s
skin was sterilized with alcohol 7 What would be the more correct
wording?

. For each item on the following list. give a reasonable method of
sterilization. You cannot use the same method more thin three times.
the method must sterilize. not just disinfect: and the method must not
destroy the item o render it useliss unless there is no other choice.
After considering a workable method. think of @ method that would
not work. Note: Where an object containing something is given, you
must sterilize everything (for example, both the jur und the Vaseline
in i), Some examples of methods are autoclave, ethylene oxide gas,
dry aven. and lonizing radiation.
om air
bload in a syringe
serun

carcasses of cows with “mad
cow” discase

inside of a refrigerator

apot of soil wine

plastic Petri plates

heat-sensitive drugs

cloth dressings

a jar of Vaseline

fruit in plastic bags

talcum powder

milk

wrchid seeds

metal instruments

il contiuminated with anthrx
spores.

Btman hair (for wigs)

 flask of nutrient ugar

n entire room (walls, floor, ete.)

tubber gloves

disposable syringes

& Graph the data on tables 11.3 and 114, plotting the time on the
Y axis and the temperature on the X axis for three different

organisms.
b. Using pasteurization techniques as a model. compare the TDTs
and length of

exposure.

INTERNET SEARCH TOPICS

1. Look for information on the Internet concerning triclosan-resistant
hoctoria. Bascd on what you find. do you think the widespread use of
this antimicrobial i 3 good idea? Wiy or why not?

2. Find websites that discuss problems with sterilizing reusable medical
instruments such as endoscopes and the types of diseuses that can be
transmitted with them.

1. Compare ith and Describe the
LET 1 relationship of the concepls of sepsis. asepsis, and antisepsis.
of a luberculocide.
e effect of u psewdomonicide?
lstatic agent do?

bw the type of microarganisms present will
fetiveness of exposure to antimicrobial agents.
iuimbers of contaminants can influence the

15, 4, What does it mean (o lower the surfuce lension?
b. Whiat cell parts will be most alfected by surface active agents?

16. . Name one chemical for which the general rule that a higher control therm.
concentration is more effective js not true, microbial death?
b. What is o sterilant? 1
lation of micrbes not dic instantancously when
. Nume the principal sporicidal chemical ugents. Vionicrobial agent?
17 Why s dde solution i processes inhibited in the presence of
I8, Give the uses and disadvantages of the heavy mml chemical agents. Inatter?

‘glutaraldetiyde, and the sterilizing gases.
19, What does it mean (o say tiat a chewmical bas an oligodynamic action?
. a. Detine cold sterilization,
b. Name three totally different methods that qualify for this definition.

. Is there any difference between the graph for a sporeformer and
the graph for a non-sporeformer? Explain,

. Can you think of situations in which the same microbe would he
considered a serious contaminant in one case and completely
harmiess in another?

. A supermarket/drugstore assignment: With a partner. look af the
Tabels of 25 different products used to control microbes, and make a
list of their active ingredients, their suggested uses, and information
on toxicity and precautions.

. Devi that will between
and bacteriostatic effecty.

“There is quite a bit of concem that chlorine used as a water
chemical p da What alicmative

‘methods covered by this chapter could be used to purify water

supplies and yet keep them safe from contamination?

. ‘The shelf-life and kecping qualities of fruit and other perishable
foods are greatly enhanced through irradiation. saving industry and
consumers billions of dollars. How would you personally feel about
eaing a piece of irradiated fruit? How about spices that had been
steritized with ETO?

The microbial levels in saliva are astronomical (<10° cells per ml. on
average). Whit effect do you think a mouthwash can have against this
high number? Comment on the claims made for such prodocts.

10. Can you think of some innovations the health care communily can
use (o deal with medical waste and ifs disposal that prevent infection
but are ecologically sound?

3 Handwashing is one of our main protections to ensure good health
and hygiene, Visit the student Online |eaming Center at
www.mnhhe.com/talaroS. Go to chapter 11, Internet Search Topics.
and Jog on to the available websites (o research information,
statistics. and other aspects of handwashing.

s

Tonizing radiation removes
4 protons
b, waves

from atoms.
. electrons
d. ions
The primary mode of action of nomionizing radiation is to
4 produce superoxide fons ¢ denature proteins
b muke pyrimidine dimers  d. break disulfide bonds
The most versatile method of sterilizing heat-sensitive liquids is
w UV rudiation <. betu propiolacione
b exposure lo ozone d. Hitration

is the lodine antiseptic of choice for wound treatment
. Eight percent tincture . lodophor
b Five percent aqueons . Polagsiom iodide solution
A chemical with sporicidal properties is
4 phenol
b, alcohol
€ qu ammonium compousnd
o glutarakiehyde
Silver nitrate Is used
. in antisepsis of bumns
b. as u mouthwish
Detergents are
A high-level genmicides
b low level germicides
©. excellent antiseptics
o used In disinfecting surgical instruments
Which of the following is an approved sterilunt?
a chlarhexidine c. cihylene oxide
b. beudyne . ethyl alcotol

€. 1o treat genital gonorrhea
4. 1o disinfect water

Describe four modes of action of antimicroblal agents, and give s
specitic example of how cach works

. Summarize the nature, mode of action. and effectivencss of moist
and dry heat

Compare the effects of moist and dry heat on vegetative cells and
spores.

Explain the concepts of TDT and TDP. using examples. What are
the minimum TOTS for vegetative cells and endospores?

How cun (he temperature of steam be rulsed ahove 100°C? Explain
(he relutionship involved.

& What do you sec s o basic flaw in tyndallization?

b. I bolling walter devices?

¢ Inincinoration?

. To ultrasonic devices?
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