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Preface i

The B4ANO051, Aerospace Medical Service Journeyman, course contains three volumes. The volumes
in this course should be fun for you to read as these aspects of patient care are often the ones that
4NOs enjoy the most!

This first volume addresses patient care skills that are commonly performed in the outpatient clinic
setting. The second volume addresses patient care skills that are more commonly performed in an
inpatient setting and are generally more advanced skills that you will need to learn as a 4NOX1.

The third volume is dedicated to medication administration and pharmacology. It is a challenging but
necessary set of skills and knowledge you need to be familiar with as you become a 5-level. You will
continue to build your knowledge base the longer you are in the medical field and as you gain
experience as a medical technician.

The following information is covered in this first volume:

Unit 1 begins with a look at infectious agents and the infectious process. Theory and technical
knowledge on body substance isolation, principles of isolation, sterility of supplies and equipment
and communicable disease reporting are covered here.

Unit 2 is dedicated human growth and development and factors that influence health. The information
you learn in this unit can be applied in all aspects of patient care and treatment, regardless of where
you work.

Unit 3 introduces you to many skills that you will need to be knowledgeable of and be able to perform
in outpatient clinics. The skills you learn here can also be applied to inpatient or deployed medicine.
You will learn how to start and maintain intravenous infusions (1Vs); perform electrocardiograms and
a host of other tests and procedures.

Unit 4 continues to build on your clinical skills and covers procedures that you will likely complete,
such as suturing; or assist with, such as basic physicals to more diagnostic examinations.

Unit 5 is dedicated to emergency response and procedures. You will be introduced to information on
ambulance response and emergency patient assessment in this unit.

The information in this unit is designed to assist you in determining the correct patient care
procedures involved with commonly encountered examinations and treatments in the clinical setting.

A glossary of abbreviations and acronyms used in this course is included at the end of this volume.
Code numbers on figures are for preparing agency identification only.

The use of a name of any specific manufacturer, commercial product, commodity, or service in this
publication does not imply endorsement by the Air Force.

To get a response to your questions concerning subject matter in this course, or to point out technical
errors in the text, unit review exercises, or course examination, call or write the author using the
contact information on the inside front cover of this volume.

NOTE: Do not use the IDEA Program to submit corrections for printing or typographical errors.

If you have questions that your supervisor, training manager, or education/training office cannot
answer regarding course enrollment, course material, or administrative issues, please contact Air
University Educational Support Services at http://www.aueducationsupport.com. Be sure your
request includes your name, the last four digits of your social security number, address, and
course/volume number.

This volume is valued at 27 hours and 9 points.


http://www.aueducationsupport.com/

i Preface

NOTE:

In this volume, the subject matter is divided into self-contained units. A unit menu begins each unit,
identifying the lesson headings and numbers. After reading the unit menu page and unit introduction,
study the section, answer the self-test questions, and compare your answers with those given at the
end of the unit. Then complete unit review exercises.
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of the potentially life-threatening hazards of communicable diseases. As a medical

professional, you cannot deny care to a patient who you suspect has a communicable disease,
even if you feelthe patient poses a risk to your safety. To deny care in this situation is considered
abandonment. Alternatively, a thorough understanding of the infectious process will allow you to
practice prevention while providing patient care.

Q S A 4ANOX1, you must be extremely aware in both the medical facility and field environment

In this unit you will learn the characteristics of each link and how they interact with each other to
complete the infectious process. We will begin with a look at the infectious process, including a
discussion of the types of causative agents and characteristics of the infection chain. We will then
look at some of the more common communicable diseases known to us and briefly discuss the
reporting process. The next section will discuss the practices used to prevent, isolate, and contain
these diseases within our facilities.

1-1. Communicable Disease Management

Although there are literally millions of microorganisms capable of causing disease, relatively few
people actually develop illnesses from them. This section begins with an explanation of some
infectious agents and then goes into detail on the process that allows these agents to grow and flourish
into communicable diseases. The information you learn here will help you know what actions you can
take to protect yourself and your patients and prevent the spread of disease.

001. General patient care skills

Patient care starts each time 4NOs, nurses, and other medical professionals greet patients in a clinic or
hospital. Phase I introduced you to a wide variety of inpatient and outpatient tasks; in phase 11 you
practiced these skills while rotating through Family Practice, Emergency Room, and medical-surgical
wards, and at the end, gained confidence while working alongside 4NO trainers, preceptors, and
nurses. The following table on patient care skills displays some examples of general patient care skills
that 4NOs perform in USAF-wide duty sections:

Patient Care Skills

Workcenter General Skills Type
Dermatology Set-up minor surgery
General Surgery Set-up/maintain sterile field
Family Health Clinic Perform heightand weight
Pediatrics measurements
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Patient Care Skills

Gastroenterology
Internal Medicine
Intensive Care Unit

Workcenter General Skills Type
EmergencyRoom Record temperature
UrgentCare Assess painscale
Labor & Delivery Perform and label venipuncture
OB/GYN Assess APGAR score
Allergy Clinic Obtain body measurements

Perform immunizations

Collectand label emesis, urine, stool
samples

Assess respiratoryrate

Perform intake and output
measurements

A more detailed listing is in your section’s Master Training Plan (MTP) and Career Field Education
& Training Plan (CFETP). Inaddition to general patient care skills, 4NOs record patient vital signs
and/or assist with the treatment of various illness(es). These types of assessments require strict
adherence with infection control protocols as medical technicians are frequently involved in caring
for patients and/or handling equipment. The following table on equipment lists some general
equipment types used when care is provided. Again, check duty section MTP and CFETP for a more
detailed list.

Equipment
Hospital bed
EKG machine
Cardiac monitor/defibrillator
Wheelchair
Stretcher
Electronicthermometer
Doppler stethoscope
Pulse oximeter
Electric sphygmomanometer
Feeding pump
IV pump

Infection control

The Joint Commission (TJC) requires every hospital to have an active, effective, hospital-wide
infection-control program to receive accreditation. Not only is infection control important for
accreditation, it is absolutely necessary to make sure that the risk of infection—for both patients and
staff members—is eliminated. We now look at some of the infection control measures and programs
found in Air Force medical facilities, particularly those related to surgery. Infection control
encompasses a variety of activities inside and outside the surgical suite. This subject is so broad that a
complete, detailed discussion is impractical for this text. So, we limit our discussion of infection
control to the major topics of concern for surgical personnel.

General principles

The Centers for Disease Control and Prevention (CDC) is a US public health service agency that
provides valuable information to hospitals and outlines how infection control programs should be
developed and operated. The CDC also assists hospital infection control personnel in solving
infection problems, analyzing infection survey data, and investigating the outbreak of serious
infections or disease. One of the CDC’s most important functions is conducting research and
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publishing guidelines on a variety of infection control topics. We use many of these published
guidelines for developing infection control programs, policies, and procedures.

In addition to the CDC, numerous other government agencies and private organizations provide
information, guidance, and consultation services to hospital infection control personnel. These
agencies include local, state, and federal public health services, the Environmental Protection Agency
(EPA), the Occupational Safety and Health Administration (OSHA), and the agency mentioned
previously, TJC. Information regarding surgery-specific infection control practices is also found in
publications provided by the American College of Surgeons (ACS) and the Association of
periOperative Registered Nurses (AORN).

TJC establishes the criteria by which hospitals are evaluated to determine whether they should be
accredited. Infection control programs are a major area of consideration. To attain certification, TIC
requires that each facility have a coordinated process to reduce the risks of nosocomial infections in
patients and healthcare workers, and this process must be managed by one or more qualified
individuals. Inmost hospitals, the infection control process is managed by an infection control
committee.

The Infection Control Committee

The Infection Control Committee (ICC) is a multidisciplinary committee charged with managing the
Infection Control Program (ICP) to meet the standards of TJIC and AFI 44-108, Infection Prevention
and Control Program. The executive committee of the medical staff oversees the ICC,and only it can
override the recommendations or actions of the ICC (a very rare occurrence). ICC members are
responsible for informing personnel of the committee’s decisions and actions as well as their own
individual responsibilities. Each ICC member must also promote awareness of and compliance with
existing infection control directives.

Functions of the ICC

Air Force medical facility 1CCs implement national standards, such as those of TJC and OSHA, and
Air Force directives, suchas AFI 44-108. The committee must clearly define nosocomial infections
and establish a system of reporting and investigating infections among patients, personnel, and
visitors. Italso keeps records of infections and its recommendations for remedial measures. The
committee distinguishes, to the best of its ability, between nosocomial infections and other types of
infections. The 1CC interacts with other committees as needed.

Infection control officer

An infection control officer (whose credentials reflect knowledge, special interest, and/or experience
in infection control) is appointed in writing by the facility commander. Usually, the infection control
officer is a registered nurse with training and background in epidemiology (study of diseases),
microbiology, statistics, and research methods.

Departments, patient care units, and support areas

Each department, patient care area, and support facility develops and maintains written area-specific
operating instructions (Ol) that explain policies and procedures for infection control. Each area is
responsible for reviewing the documents annually and revising as necessary. The ICC reviews and
approves these Ols at least every two years. Two exceptions to this rule are the bloodborne pathogen
exposure control plan (required by OSHA) and patient isolation plans, which are reviewed annually.

002. Understanding infectious agents

Microorganisms are minute living structures, generally categorized as plants, animals, or viruses.
Some organisms are called parasites because they rely on a living host organism to sustain their
existence. Microorganisms found in soil, water, and debris and live off dead or decaying organic
matter are called saprophytes. Some saprophytes, such as Clostridiumtetani (the “bug” that causes
tetanus or lockjaw), cannot live in healthy living tissue. Instead, they require dead (necrotic) tissue
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like that found in an old, untreated wound to survive. After reading this section, you should have a
clear understanding of the basis of infectious agents.

Microorganism classification
Microorganisms are classified in many ways, but for our purposes, we will concentrate on whether
they are pathogenic or nonpathogenic and whether they are resident or transient.

Pathogenic microorganisms

When microorganisms grow in or on the tissue of another life form and cause damage or disease, they
are called pathogenic. Pathogenic microorganisms can enter the human body through a break in the
skin or through a body orifice or tract that links internal body structures to the outside environment.
They produce disease either because growth of the microorganism destroys surrounding tissue or
because they produce toxins (poisons) which, in turn, cause disease. Pathogenic microorganisms
include bacteria, viruses, fungi, molds, yeasts, rickettsiae, and protozoa.

Nonpathogenic microorganisms

Not all microorganisms are pathogenic (disease-producing). There are millions of microorganisms on
your skin, in your mouth and nose, in the air you breathe, in the water you drink, and on just about
everything you come in contact with. Most of these nonpathogenic microorganisms are harmless, and
many play vital roles in maintaining normal human body function and the delicate balances in nature
as a whole. However, some organisms are nonpathogenic in their normal environment but become
pathogenic when introduced into another environment. For example, the bacteria Escherichia coli
(E. coli) are normally found throughout the intestines but can cause a severe illness or infection when
introduced into tissue outside the intestines.

Resident microorganisms

Resident microorganisms, or normal flora, live in the deep cracks and folds of the skin or in body
orifices, such as the oral cavity or intestinal tract. As previously stated, many resident microorganisms
are beneficial because they help maintain chemical balances within the body.

Transient microorganisms

Transient microorganisms have a very short life span and reside on the external surfaces of an object
or live organism. The bacteria that grow and multiply on your skin and the microorganisms that can
be found on the floor and walls of patient rooms, surgical suites, and so forth are examples of
transient microorganisms.

The Infection chain

The key to control the spread of infection
. lies in the nature of the infectious
Susceptib Tt process. As shown in figure 1-1, the

by . Agen infectious process, or “chain,” is made up
. of six links. The links include an
infectious agent (also called causative
INFECTION " . tal of exit
CHAIN agents), a reservoir, a portal of exit, a

mode of transfer, a portal of entry, and a

: susceptible host. These links must form a
grvoir - . «
c continuous cycle to allow infection to
A .6 develop and spread. For an infectious

;*;g‘ disease to occur, each link in the chain
' must be connected. Any break in the

e chain (or cycle) atany point will prevent
Figure 1-1. Infection chain. the manifestation or spread of the disease.
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Infectious agents

The first link in the infectious process chain is concerned with infectious or causative agents. These
minute organisms invade and inhabit tissues in various parts of the body and cause disease by
producing toxic substances or by destroying parts of the cells they have invaded. They are commonly
referred to as “microorganisms” because most of them are so small they cannot be seen with the
naked eye. This label is not entirely correct, however, because not all microorganisms are infectious
or small. Microorganisms exist in almost every aspect of our environment. They reside both inside
our bodies and on our skin and hair; however, most forms cannot survive in a human or animal
environment and normally do not pose a threat to our health. Additionally, not all causative agents are
microorganisms, although the greater majority of them are. For example, adult helminths (worms/a
true parasite) are large enough to be seen without a microscope; yet, some forms can invade body
tissues and cause disease. Do not confuse the term parasite (living off a host) with a true parasite
(helminths). There are several terms used to describe some of the characteristics of microorganisms
and the interesting relationships they have developed with their human hosts. Some of these are
covered in the following paragraphs.

Normal flora

Shortly after birth, a number of different microorganisms inhabit various parts of our bodies. These
microorganisms differ from person to person. We contract normal flora from exposure to various
sources within our environment. They’re usually found in a specific body area and are referred to as
“normal” flora for that area. Normal flora exists in a state of equilibrium with the host. The
microorganisms are potentially pathogenic, but as long as nothing disturbs the balance, they are not
harmful. In some cases, normal flora can be beneficial. Let’s use the example of E. coli bacteria
again, which are normal flora for the intestinal tract. E. coli are involved in the production of vitamin
K, which plays an important role in the clotting process. If disease or antibiotics disturb the normal
flora and body balance, or if the normal flora is exposed to another part of the body, the
microorganisms will cause disease. In fact, many of the infections found in hospitalized patients are
caused by the activity of normal flora.

Commensalism

When pathogens invade a host and attempt to cause disease, the host usually responds by trying to
either destroy or eliminate the microorganism. In some cases, after repeated exposures, the host will
develop a tolerance for the pathogen. Such a relationship is called commensalism. As long as nothing
disturbs the balance, the pathogenic organism will be able to live inside the host without producing an
infectious reaction. As with normal flora, however, if the balance is disturbed, commensal organisms
can cause infection and disease.

Carrier state

In general, most microorganisms are nonpathogenic, a few are weakly pathogenic, and some are
strongly pathogenic. Once introduced into the human body, strongly pathogenic microorganisms
cause disease in almost every case. A few individuals are able to withstand the effects of the
pathogen. The pathogen inhabits their bodies but does not produce any symptoms of infection.
Although they are not affected by the pathogen, they are still able to pass the pathogen onto other,
more susceptible individuals. These individuals are called carriers. One famous example of a carrier
was Mary Mallon (also known as Typhoid Mary). Typhoid Mary was a cook in New York City in the
early 1900s. She was diagnosed as a carrier of typhoid fever in 1907, but she continued to practice her
profession until 1915. It is estimated she was responsible for at least 10 outbreaks of typhoid fever,
with at least three associated deaths.

Infectious state

Infection is the pathogenic relationship with which you are most concerned. An infection occurs when
one of the infectious agents invades the body through one of the entry portals (discussed in lesson
002). The agent finds an area that meets its needs and begins to grow and reproduce. The infectious
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agent acts as a parasite by using parts of the surrounding body tissues as nutrients. Some forms also
release toxic substances into the tissues. The host reacts to this invasion by activating specific and
nonspecific defense mechanisms. The activity of these mechanisms produces certain symptoms
(e.g., fever, inflammation, and so forth) in the host. If the infection progresses into an actual disease,
the host develops symptoms that are characteristic for that particular disease.

A pathogen will not develop into an infection unless it can find an environment favorable for its
growth and can withstand the host defense mechanisms. In addition to these requirements, there must
be an adequate dose of the microorganism present, and they must possess some degree of virulence.
These factors are interdependent and highly individualized with each type of microorganism.

The dose refers to the number of microorganisms that have invaded the host. An infection usually will
not occur if only a single or a few microorganisms invade a host. Most microorganisms are not
virulent enough to overcome host defenses in such small doses. On the other hand, a large dose will
overcome even a strong host defense. Of course, the size of dose required to cause an infection is also
related to the type of organism involved and the condition of the host.

Virulence

Virulence is a measure of the pathogenicity or ability of the organism to invade host tissues,
withstand defenses, and cause an infection. The ability to move through tissue is sometimes referred
to as “invasiveness.” Virulence is based on the aggressiveness and toxicity of the microorganism.
Aggressiveness is the rate of growth and multiplication of an organism. An organism that is highly
aggressive grows or spreads very quickly. This, in turn, is affected by the condition of the host and
the location that the organism is attempting to invade. If the host defenses are compromised, or if the
organism finds an area highly favorable, it will become very aggressive. For example, when normal
skin flora gets into a cut, they usually become aggressive and cause an infection.

Toxicity is the second aspect of virulence. When some pathogens invade body tissues, they release
poisonous substances called toxins. These toxins reduce host resistance, destroy tissues, and cause
disease. A pathogen does not need to be aggressive to be virulent. If it produces toxins, it can still
cause serious disease. Each toxin has a specific chemical structure, and it affects a specific part, or
specific parts, of the body. Thus, it is possible to determine the microorganism involved, according to
the part of the body that is affected and the symptoms produced.

The level of virulence also is affected by the condition of the host defenses, the environment
(favorable or unfavorable) where the organism establishes itself, and the transfer of the organism
from one host to another. For example, under normal circumstances, the microorganisms that make
up the normal flora on our skin are harmless. When you get a cut, these microorganisms can penetrate
into deeper tissues, where they find little resistance, and frequently become highly virulent. If these
same microorganisms are passed to another individual who happens to have a break in his or her skin,
they could again become highly virulent and cause a serious infection.

Types of infectious agents

As an aerospace medical service journeyman, you should be aware of the characteristics of the
common types of infectious agents. These include bacteria, fungi, protozoa, viruses, and helminths.
The following information will increase your awareness of these agents.

Bacteria

Bacteria are primitive, single-celled, plant-like organisms that reproduce rapidly. Some forms are
pathogenic, but others are essential for life. Bacteria reproduce asexually by binary fission (cells
divide to form daughter cells, then daughter cells divide, and so forth). Under favorable conditions,
reproduction is extremely rapid. On the average, bacterial cells divide every

30-120 minutes. At that rate, one cell can develop into several million within a day or so. Fortunately,
other factors retard bacterial growth; otherwise, we would be up to our necks in bacterial cells!
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Bacteria exist either as single cells or in large groups called O O ﬂi
colonies. Ineither case, each cellis capable of living and 00 &
reproducing independently. COCCUS BACILLUS (rods)
There are over 1,700 different types of pathogenic bacteria. They

are classified according to their physical characteristics. Physical

characteristics of bacteria include size, shape, and attachments. ﬂ 5

There are three basic bacterial shapes (see fig. 1-2): spherical

(cocci), rod-shaped (bacilli and coccobacilli), and spiral-shaped SPIROCHAETES

(vibrios, spirilla, and spirochetes). Bacterial attachments include Figure 1-2. Bacterial shapes.

protective capsules and hair-like outgrowths called flagella,

which help propel the cell. When a laboratory technician attempts to identify bacteria, they first look
at the shape, then determine if the bacteria will stain. If the bacteria will hold a Gram stain, it is
referred to as Gram positive; if the staining fails, it is called Gram negative.

Bacterial cells have the ability to adapt to survive in some extremely unfavorable conditions. Some
cells react by becoming dormant until they are exposed to a more favorable environment. Other cells
adapt by forming capsules and spores. A capsule is a slimy layer formed on the cell’s outer layer. It
protects the cell from being destroyed. A spore is a thick-walled structure formed within the cell that
contains the essential cellular structures in a dehydrated, condensed form. This spore can withstand
extreme environmental conditions, and it can last for an indefinite period. Bacterial cells that form
spores become dormant until conditions are favorable, and they can resume their cellular activities.
Spores are an excellent means of identification because only bacilli can form spores; and those
species that do so, form them in a specific place within the cell.

The physiological requirements of bacteria include oxygen and nutrition. Most bacteria are called
aerobic because they require oxygen to survive. Those that survive without oxygen are called
anaerobic. The nutritional source is an important factor both in classifying the bacteria and in
determining its relationship with us. Bacteria that obtain their nutrition from living sources are called
parasites. These include all forms that inhabit our bodies. A pathogen is a bacterium that produces
damage (disease) in the body.

Some of the more common bacterial infections you may see as an aerospace medical service
journeyman are staphylococcal and streptococcal infections, among others. Staphylococcal infections
are Gram-positive cocci responsible for a variety of diseases, including impetigo, boils (furuncles),
infected lacerations, pneumonia, meningitis, and septicemia. Streptococcal infections are caused by
group A streptococci and include strep throat, pneumonia, and otitis media. Varieties of other
bacterial infections include tuberculosis, salmonella, tetanus, typhoid fever, and botulism.

Pyogenic bacteria

We call bacteria that cause wound infections pyogens. These bacteria cause wound inflammation that
leads to pus-forming (suppurative) infections. If the bacterial growth is not stopped at the wound or
entry site, the infection can spread to the bloodstream and then to other parts of the body. Pyogenic
bacteria include most coccal (sphere-shaped) bacteria, and the enteric, or coliform, bacteria.

Staphylococci

This group of bacteria is responsible for a variety of infections, commonly called “staph” infections—
the most common type of postoperative wound infections. Many staphylococcal wound infections
start as relatively simple skin and mucous membrane infllmmation (localized abscesses and pustules),
but spread via the vascular system, causing serious infections of the lungs (pneumonia), urinary tract,
nerve tissue (meningitis), and bones (osteomyelitis). They are nonspore-forming, facultative
anaerobes (they grow with or without oxygen), and are commonly found on the surface of the skin
and mucous membranes of the nose and throat.
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Sometimes hospital personnel are staphylococci carriers. As previously mentioned, these bacteria are
carried on the skin and continually “shed” into the surrounding environment. This shedding of
staphylococcal bacteria not only contaminates clothing worn by the carrier but also leads to dispersal
in the environment, thereby increasing the risk of wound contamination. The main purpose for
wearing surgical scrub suits, hats, hoods, masks, and shoe covers is to minimize the dispersal of
bacteria through carrier shedding.

Streptococci

These microorganisms cause such diseases as septic sore throat (“strep” throat), scarlet fever,
impetigo, bacterial endocarditis, rheumatic fever, neonatal meningitis, and pulmonary infections, such
as lobar pneumonia. These infections often appear as watery, bloodstained abscesses. “Strep”
infections are often more harmful to the human body than staphylococci because the streptococcal
bacteria usually cause widespread tissue damage without localized infection. Like staphylococci,

most streptococci are nonspore-forming, facultative anaerobes.

There are three types of streptococci of particular concernto hospital personnel because of their
ability to cause severe infections and diseases—the Streptococcus pyogenes group, Streptococcus
pneumoniae (diplococci or pneumococci), and the Streptococcus viridans group.

Streptococci are spread via direct contact or inhalation of air containing bacterially contaminated
moisture droplets and dust. Since many strains of streptococci are carried in the upper respiratory
tract, they are easily transmitted when the infected person sneezes, coughs, talks, or laughs. Spread of
streptococcal bacteria is prevented by using strict aseptic technique, proper handling and frequent
changing of surgical masks, good room ventilation, and by excluding personnel with upper
respiratory infections from direct patient contact.

Neisseria gonorrhoeae

Neisseria gonorrhoeae (Gonococcal) microorganisms cause the sexually transmitted disease
gonorrhea by invading the mucous membranes of the genitourinary tract. Gonococci also cause
conjunctivitis of the eyes when transferred from the perineum. Long-term gonococcal infection
spreads to the reproductive system and causes sterility. When gonococci enter the circulatory system,
severe septicemia may result. Neisseria gonorrhoeae may also infect the eyes of newborn infants
during passage through the birth canal; if untreated, it can result in permanent blindness. Gonorrhea is
usually transmitted by direct sexual contact but may be transmitted by contact with bedding, clothing,
and other contaminated items. Control of this disease is accomplished through stringent sanitation
methods and drug therapy for infected persons.

Neisseria meningitidis (Meningococci)

Neisseria meningitidis (Meningococci) are normally found in the nasopharynx but may cause
meningitis in people who are susceptible to the disease. It may be fatal, particularly when the patient
is a child. It is transmitted primarily through droplet inhalation or from direct contact with the source.
Meningitis can cause an epidemic when many people are crowded together in confined spaces.

Enteric (coliform) bacilli

Enteric bacilli are nonspore-forming, facultative anaerobes normally found in the intestinal tracts of
humans and animals. Normally, enteric bacilli are harmless—as long as they remain in their normal
habitat. When introduced into other areas of the body, they can cause severe suppurative infections.
For example, when an inflamed appendix ruptures, fecal material containing enteric bacilli is
introduced into the abdominal cavity; these bacilli can cause severe peritonitis. Enteric bacilli that
migrate from the perineal region are a common cause of urinary tract infections. Three of the more
common types of enteric bacilli are E. coli, Proteus mirabilis, and Proteus vulgaris (P. vularis).
Escherichia coli are, by far, the most common enteric bacillus found in the intestinal tract. Proteus
mirabilis and P. vulgaris are primarily found free-living in water, soil, and sewage but are also
frequently found in fecal specimens from healthy individuals.
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Another enteric bacillus is Pseudomonas aeruginosa. This aerobic bacterium is commonly found in
soil, water, sewage, and air. Occasionally, it is also found on the skin or in the intestinal tract. It was
once thought to be nonpathogenic but is now considered a pathogen—when it is introduced into an
area with no normal defenses. Pseudomonas is often present in mixed bacteriological infections and
also attacks the tissues of debilitated persons (particularly burn victims).

Anaerobic bacteria

The anaerobic (grow without oxygen) bacteria most commonly encountered are the clostridia.
Clostridia are spore-forming bacilli, the most difficult type of bacteria to destroy. Fortunately, most
spore-forming bacteria are nonpathogenic, but some strains of Clostridia produce potent toxins and
are pathogenic. Clostridia are always present in soil and in the intestinal tracts of humans and
animals; they help decompose organic matter. When introduced into a surgical wound, however,
severe infections develop. Two types of Clostridia that cause severe wound infections are
Clostridiumtetani and Clostridium perfringens (welchii).

Clostridium tetani

When introduced into a wound, Clostridium tetani causes the disease known as tetanus or “lockjaw.”
This disease follows the introduction of tetanus spores (from soil or feces) into puncture wounds,
burns, surgical sutures, or traumatic injuries. If anaerobic conditions exist in the wound, Clostridium
tetani spores return to their vegetative state and begin secreting a powerful toxin. This toxin attacks
the tissue of the spinal cord and peripheral motor nerve endings. The damaged nerve tissue causes
muscle spasms near the infection site and in the muscles of the neck and jaw; hence, the name
“lockjaw.” As the disease spreads, the spasms become more widespread and severe, resulting in
convulsions and eventual death. Surgical tetanus can occur postoperatively as the result of improperly
sterilized instruments or dressing materials. Tetanus is controlled by injection of antitoxin and active
immunization programs. As a healthcare worker, you are required to be immunized against
Clostridium tetani.

Clostridium perfringens (welchii)

This bacteria causes a severe infection of muscle tissue, commonly referred to as gas gangrene
(properly known as clostridial myonecrosis). Gas gangrene may be a complication of severe
traumatic injuries. Lacerated wounds exposed to soil and accompanied by a compound bone fracture
are particularly susceptible. In this type of injury, the blood supply to the muscle tissue near the injury
may be damaged or destroyed, which causes tissue necrosis (tissue death). This dead and dying tissue,
rich in bacterial nutrients, provides an ideal anaerobic environment for clostridial spores, transferred
from the soil, to grow and multiply. As the bacteria multiply, they secrete powerful toxins and
enzymes that destroy the surrounding tissue. They also produce gas as the result of metabolizing

tissue carbohydrates. The absorption of the gas results in further tissue death, providing continuous
nutrition for Clostridium perfringensto thrive on. Infections caused by clostridia are usually mixed
infections involving the presence of other types of anaerobic bacteria, not just Clostridium
perfringens alone.

Mycobacteriumtuberculosis

This bacterium is an aerobic, nonspore-forming bacillus (rod-shaped bacteria). It has a wax-like
protective coating surrounding the cell, which makes tubercle bacilli nearly as hard to destroy as the
spore-forming bacteria. Mycobacterium tuberculosis is responsible for causing the disease
tuberculosis (TB), which caninfect virtually every tissue in the body. The bacterium is spread
through the lymphatic and vascular systems and causes dense nodules or tubercles to form in the
tissue it infects. Even though most deaths caused by TB stem from infection of the lungs, the tubercle
bacillus can cause infections in bone, joints, lymph nodes, spleen, liver, kidneys, and the
gastrointestinal tract. This microorganism is transmitted primarily by inhalation of contaminated dust
or droplets discharged by the infected person through sneezing, coughing, or kissing. Effective
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infection control for TB includes rigid housekeeping, immediate sterilization or disinfection of
contaminated items, and strict isolation of individuals with active forms of the disease.

Rudimentary forms of bacteria

Although not possessing all the typical properties of a bacterial cell, the Mycoplasma, Rickettsiae, and
Chlamydia are bacteria. Because they are relatively small and difficult to isolate, they once were
referred to as “viruses.”

Mycoplasma

Mycoplasma structures are sometimes considered to be a form of bacteria. Unlike other forms of
bacteria, they are surrounded by a multilayered cell membrane rather than a cell wall. Because this
membrane is flexible, the shape of mycoplasma varies. Mycoplasma structures are the smallest that
can reproduce and survive outside a host cell. They average 0.1- 0.2 microns in diameter. The exact
mechanisms for growth, reproduction, and nutrition of mycoplasma are not clearly understood.
Fragmentation appears to be the primary method of reproduction, and some forms appear to require
cholesterol for growth. The primary means of identification is the reaction of the mycoplasma’s
culture to different antisera (antibody preparations). What is important is that several families of
mycoplasma are pathogenic, producing diseases such as pleuropneumonia, pelvic inflammatory
disease, etc.

Rickettsiae

At one time, Rickettsiae were thought to be a separate type of organism. They are much smaller than
standard forms of bacteria (averaging 0.5 microns by 1.7 microns), and with the exception of one
type, they canonly live and reproduce inside a living host cell. For this reason, they are called
obligate intracellular parasites. Studies with the electron microscope have shown Rickettsiae do have
characteristics similar to those of other bacteria. For example, they have a rigid cell wall, are Gram-
negative (do not react to the Gram stain), and are shaped as either a cocci or a bacilli.

There are approximately 50 different kinds of Rickettsiae that act as parasites in the intestinal tract
and salivary glands of insects, such as ticks, bedbugs, and lice. When these insects bite humans, some
of the Rickettsiae are transferred to the human cells where they grow, multiply, and produce
infections. Rocky Mountain—spotted fever and scrub typhus are two forms of infection produced by
Rickettsiae.

Chlamydiae

Chlamydiae are another group of obligate intracellular parasites now thought to be a form of bacteria.
They are smaller than Rickettsiae and much less understood. Their chief characteristic appears to be a
complex form of reproduction. Initially, they are absorbed into a host cell as a small, dense structure
called the elementary body. This structure then gradually develops into a larger structure called the
initial body. The initial body also grows and divides by binary fission. The resulting initial bodies
reorganize to form elementary bodies again. These reorganized elementary bodies are the infectious
stage of the Chlamydia disease. The developmental cycle is over when the host cell ruptures, and the
infectious elementary bodies are released to infect other host cells.

In their largest form (initial bodies), Chlamydiae are only about one micron in diameter. Due to the
small size, it is somewhat difficult to see any identifying characteristics. The chief means of
identification appears to be the reaction to various antigen-antibody complexes. Although it is not
very well known, Chlamydiae does cause some very well-known diseases. Chief among these is
Chlamydia trachomatis, which is considered one of the most common sexually transmitted disease in
the United States today.
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Fungi
The two structural categories of fungi are yeast and mold. They range in size from single-celled
microscopic organisms to structures like mushrooms and puffballs, which can be seen easily. Fungi
do not produce oxygen nor do they require sunlight for energy (they do not possess chlorophyill).
Their main source of nutrition is dead and decaying matter. They have a rigid cell wall structure, and
most forms grow as branching
filaments (like the branches on a
tree), such as those shown in

figure 1-3. Fungi are best adapted
to a warm, dark, and moist
environment, but like bacteria, they
cansurvive in fairly extreme
environments. They are inactive,
except when in the spore stage.

Like bacteria, fungi are capable of
both pathogenic and nonpathogenic
activities; however, most are
nonpathogenic. Some types of
fungi are edible (mushrooms);
others are involved in the
fermentation of breads and alcoholic beverages and the production of antibiotics, such as penicillin.
Fungi cause a number of superficial and systemic infections including athlete’s foot, ringworm,
histoplasmosis (a respiratory infection), oral thrush, and vaginal candidiasis.
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Figure 1-3. Fungi branching filaments.

Protozoa

Protozoa, shown in figure 1-4, are single-celled structures that resemble animal cells because they are
surrounded by cell membranes rather than cell walls. Protozoan cells usually are larger than the
microscopic forms of fungi and average from five microns to two millimeters in diameter. Because
their cell walls are flexible, they assume a variety of shapes. Protozoan cells also consist of
cytoplasm, one or more nuclei, and various other structures found in animal cells. Some cells also
have attachments, such as flagella, to help with mobility.

Protozoa are usually
found in a fluid
environment that can be
anything from a drop to
an ocean of water. The
protozoa you are
concerned with are
those forms that live as
obligate parasites in the
blood or tissue fluids of
animals or humans and
are pathogenic for
humans. There are
some types Of protozoa Figure 1-4. One form of protozoa (amoeba).
that have developed

commensalism (a relationship) with their host and do not pose a threat to humans.

"FALSE FEET"

AN AMEBA DIVIDING
INTO TWO

51955148004

Protozoa cannot form a spore as bacteria and fungi do. Instead, they react to unfavorable
environmental conditions by assuming a rounded shape and secreting a protective cyst-like covering.
This encystment allows protozoa to withstand environmental changes and survive during the transfer
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from one host to another. When protozoa are placed in a fluid environment, they resume their normal
activities and shape.

Protozoa are classified by shape, type of motility, type of reproduction, and method of obtaining
nutrients. Pathogenic forms are scattered throughout the different classes and groups. To help you
understand better, this section will briefly cover the descriptions of the pathogenic forms. These
include the Amoeba, Balantidium coli, Mastigophora, and the Sporozoa.

Amoebae

The Amoebae are characterized by their ability to shoot out projections called pseudopods or false
feet, which are used to propel the Amoebae and ingest food particles. Amoebae reproduce by asexual
fission and are capable of forming cysts. They primarily infect the intestinal tract and cause
infections, such as amoebic dysentery.

Balantidium coli

The Balantidium coli are characterized by numerous short projections called cilia, which help propel
them through their fluid environment. They also have two nuclei and reproduce asexually by
transverse fission. Some forms also have a sexual cycle. Balantidium coli also infect the intestinal
tract and cause balantidiasis, which produces a bloody diarrhea similar to that caused by the
Amoebae.

Mastigophora

The Mastigophora (also called flagellates) are characterized by several long, hair-like projections
attached to each cell, called flagella. They reproduce asexually by longitudinal fission; however,
some forms also reproduce sexually. Mastigophora can cause infections in the intestinal tract, vagina,
and/or bloodstream, and are responsible for such diseases as giardiasis, trichomonas vaginitis, and
African sleeping sickness.

Sporozoa

The Sporozoa cannot ingest solid particles and lack any obvious means of locomotion. They are
further characterized by having both a sexual and an asexual reproductive cycle that sometimes
requires two hosts. Sporozoa cause such diseases as malaria and toxoplasmosis.

Viruses

Viruses are much smaller than bacteria and are actually the smallest known microorganisms. They
canonly be seenusing electron microscopes. They come in many shapes and are so small they can
pass through bacterial filters. All viruses are parasites and multiply only within living cells; however,
they cannot multiply until they have invaded susceptible tissue cells.

Viruses are found in soil, on the surfaces of soiled objects (fomites), or in the air but are highly
selective in their growth requirements. They lack both a cell wall and a distinct nuclear structure.
Each virus consists of a strand of either deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) that
is surrounded by a layer of protein called a capsid. In some cases, they are also surrounded by a
membrane. Like Rickettsiae and Chlamydiae, viruses are obligate intracellular parasites. They survive
by entering a host cell and altering its reproductive structures to produce additional viral structures
and proteins. These new viral structures are then released to invade other cells. The original cell either
is broken down through a process called lysis or continues to grow and produce viral structures.

Viral cells are specific for certain parts of the body. For example, the measles virus affects skin cells,
rabies affects the brain and spinal cord, and yellow fever affects the liver. Viruses cause a multitude
of infectious diseases ranging from the common cold to smallpox, rabies, etc. There is even some
evidence viruses are responsible for some forms of cancer. Figure 1-5 shows a variety of DNA
viruses.
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Many pathogenic microorganisms are
present in the hospital and surgical
environment. To better understand
infection control activities in the
operating room and central supply,
you should become familiar with Poxviras Iridovirus
some of the more common “bugs”
that cause infections and disease. The
table below and the paragraphs which
follow describe some common
pathogens and the diseases or
infections they are associated with.

H e I m i nth Herpesvfrus Adenovirus Papﬂvavffidae Parvovirus

The last types of infectious agent that Figure 1-5. Deoxyribonucleic acid viruses.

you will cover are the helminths, or

worms. Helminths are not microorganisms and normally do not cause infectious diseases. These are
included in the discussion of infectious agents because they are true parasites and infest human hosts,
and most importantly, because they are “infectious” and can be transmitted from one individual to
another.

There are many different types of helminths infesting our bodies. There is neither enough time nor
space todiscuss all of them in this text. Characteristically, those forms that affect humans have life
cycles that include adult, egg, and larval (immature) stages. These life cycles may occur totally within
the human host, or they may involve an intermediate host. Typically, the helminth enters a human
host in one of the larval stages. The larva migrates to the intestine or other part (liver, lungs, blood
vessels, subcutaneous tissue, or brain) of the host’s body, and develops into the adult form. The adult
helminth undergoes reproduction and produces eggs that are then expelled through one of the body’s
waste mechanisms. The eggs are ingested by an intermediate host, where they penetrate into the
tissues and mature to form the larval stage again. Another human is infected when he or she eats
improperly prepared, intermediate host tissues. Figure 1-6 shows the life cycle of the beef tapeworm,
Taenia saginata.

L2 Human being eats
raw or partially
cooked beef

Cyst liberated from
beef by digestion,
with attachment end
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Figure 1-6. Typical helminth life cycle.
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The following table lists common microorganisms, where they are commonly found, and resultant

diseases:
Microorganism Commonly Found In (On) Infection or Disease
Staphylococci Staphylococcus Skin Wound infection
(nonspore-forming aureus Hair Boils (skininfections)
bacteria) Respiratorytract Pneumonia
Urinary tract Urinary tract infection
Enterocolitis
Septicemia
Streptococci Streptococcus Nose Wound infection
(nonspore-forming pyogenes Nasopharynx Cellulitis
bacteria) Urinary tract infection
Streptococcus Nose Lobarpneumonia
pneumoniae Nasopharynx Sinusitis
(pneumococci) Oropharynx Parotitis

Conjunctivitis
Peritonitis

Streptococcus viridans

Upperrespiratorytract
Intestinal tract

Localized gum/mouth
sores

Abdominal abscess
Pulmonaryabscess

Neisseria

Neisseria gonorrhoeae

Genitourinarytract

Gonorrhea

bacteria)

Salmonella (others)

(nonspore-forming (gonococci) Rectum Gonorrheal wvulvovaginitis
bacteria) Mouth Pelvic inflammatory
Eye disease
Conjunctivitis

Neisseriameningitidis | Nose Meningitis

(meningococci) Oropharynx Pneumonia
Enteric (coliform) Salmonellatyphosa Intestinal tract Typhoid fever
(nonspore-forming Shigellasonnei Dysentery

Enteric fever
Gastroenteritis

Septicemia
Escherichia coli Large intestine Peritonitis
Perineum
Proteus wlgaris Intestinal tract Cystitis

Pseudomonas Soil Wound infection
aeruginosa Skin Urinary tract infection
Intestinal tract Burn infection
Clostridium Clostridium tetani Soil Tetanus (Lockjaw)
(spore-forming Dust Surgical tetanus
bacteria) Feces
Clostridium perfringens | Soil Gas gangrene




1-15

Microorganism

Commonly Found In (On)

Infection or Disease

Mycobacterium tuberculosis
(nonspore-forming bacteria)

Respiratorytract
Urine
Lymph nodes

Tuberculosis

Peritonitis

Meningitis

Infection of almostany
tissue, including: skin,
bones, kidney, lymph
nodes, and fallopian tubes

Rhinoviruses and
influenzaviruses

Viruses

Respiratorytract

Colds
Flu

Hepatitis A Blood and urine from Infectious hepatitis
infected persons
Sewage/contaminated
water
Contaminated shellfish
Food handled by infected
person practicing poor
hygiene
Hepatitis B Blood Serum hepatitis
Saliva
Other body fluids
Feces
Hepatitis C Blood Non-A, non-B,
Blood products transfusion-associated
hepatitis
Hepatitis D Co-exists with Hepatitis B Superinfects liver, leads to
in some patients necrotizing liver disease
and death.
Hepatitis E Typically spread by fecally | Viral hepatitis

contaminated acute water.

Herpes virus

Lesions and bodyfluids of
infected patients

Localized eruptions on
borders oflips, in mouth,
in nose (cold sores).

Localized eruptions on
genitalia or anal region.

Conjunctivitis
Meningoencephalitis

Human
immunodeficiency
virus (HIV)

Blood
Semen
Other body fluids

Acquired
immunodeficiency
syndrome (AIDS)

Helminths differ in appearance in the specific stages of their life cycles and in the manner in which
they are transmitted from one host to another. In any case, they cause some trauma when they invade
the host tissues and may interfere with the functions of the different tissues they have invaded. They
also weaken the host’s defenses and make him or her more susceptible to secondary infections from
other infectious agents. Occasionally, a human host ingests or otherwise absorbs the helminth in the
egg stage, rather than in the larval stage. When this happens, the eggs hatch into larvae and migrate
through the body of the host until they become embedded in the host’s tissues as cysts. Eventually,
these cysts die, producing an infllmmatory reaction in the host. They may also cause problems if they
become embedded in sensitive tissues, such as the brain.

Before you read about the infection chain, keep in mind that there really are no hard and fast
definitions or rules for the relationship between microorganisms and their human hosts. The science
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of both microbiology and medicine is changing almost daily. In this text, the definitions and rules that
are most commonly accepted at this time are the ones emphasized.

003. The infectious process

In this lesson, you will cover the infectious process. The chain of infection is covered in detail. If
necessary, see figure 1-1 of the previous lesson to give you a visual understanding of the infectious
process as you go through this lesson.

Chain of infection

The chain of infection begins when an infectious agent (causative agent) finds a location (reservoir)
where it can grow and multiply. The agent multiplies, and some of the resulting offspring leave the
reservoir through the portal of exit. The offspring are carried by a mode of transfer through a portal of
entry into a susceptible host. The type of mode of transfer depends on the characteristic required for a
particular agent to enter a susceptible host. The host is the organism (frequently a human) that harbors
or allows the agent to grow and reproduce. Once in the host, the agent invades the tissues until it finds
a location (reservoir) where it can grow and multiply once again. The agent causes an infectious state
within the host by destroying cellular components, or by releasing toxic substances. From this
summary, you can see the overall relationship of the infection chain components. Now that you have
the general overview of the infectious chain, let’s take a more detailed look at each piece of the chain.

Characteristics of the infection chain

As identified previously there are severallinks in the infectious process; these are the infectious (or
causative) agent, reservoir, portal of exit, mode of transfer, portal of entry, and susceptible host.
These links must exist for an infectious agent to grow and spread. Any break in the chain, at any
point, will disrupt the infectious process and prevent the spread of disease. Let’s take a closer look at
each of the links and discuss how each plays a part in the overall process. Since we’ve already
discussed the first link (infectious agents) in detail, we’ll begin our discussion with the next link in
the chain—the reservoir.

Reservoir

As indicated at the beginning of this section, the second link in the infection chain is a location where
the causative agent can grow and multiply. This location is known as the reservoir. Reservoirs are
locations where microorganisms are found. Reservoir locations include infected wounds,
contaminated food and water, animals and insects, human or animal waste, and the infected
individual.

Certain precautions are used to help prevent the spread of infection to reservoirs. The most important
of these is good handwashing. This is the most effective way to prevent microorganisms from
spreading. Using aseptic (absence of pathologic organisms) technique while performing invasive
procedures such as urinary catheters and intravenous therapy is also important in preventing the
spread of infections. The bottom line is that patient areas have to be extremely clean and free from
potential infectious hazards.

Portal of exit
Portals of exit are routes in which the microorganism exits the host’s body. The following are
examples of normal portals of exit:

e The respiratory tract is a portal of exit when coughing or sneezing releases a pathogen.
Mumps, tuberculosis, and measles can be transferred in this manner.

e The gastrointestinal tract where feces can transport a microorganism. An example would be
typhoid bacillus.

e Skin and mucus membranes are portals of exit if the patient has open wounds or sores.
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By identifying and treating patients who are infected, the portal of exit can be interrupted. Using
standard precautions, transmission based isolation, and body substance isolation (BSI) when handling
and disposing of urine, feces, secretions and exudates is critical in preventing the transfer of
pathogens.

Mode of transmission

There are three primary modes of transmission, contact, droplet, and airborne. The most common
mode of transmission, contact can be divided into two subgroups: direct contact and indirect contact.
Direct contact involves contact with body secretions from wounds, sores, or boils, etc. You have
indirect contact when you touch objects such as forks, spoons, coffee cups, and medical equipment
that are contaminated with an infectious agent. Droplet transmission occurs when infectious agents
are transmitted through the air short distances (less than three feet) by a person coughing, sneezing, or
talking. Airborne transmission occurs when very small particles of infectious agents are dispersed in
the air over longer distances (greater than three feet).

Two additional forms of transmission are Vectorborne and Infection spreading. Vectorborne
transmission occurs with mosquitoes, fleas, ticks and any other insects that carry infectious disease
and can transmit infection by stinging or biting. Infection spreading occurs when an infection spreads
from one part of the body to another.

Effective hand washing can be instrumental in disrupting most modes of transfer. Proper disinfection
and sterilization of hospital equipment, aseptic technique used while performing tests and procedures,
and using standard precautions are all ways to prevent mode of transfer contamination. Patient
education can be very effective as well. Teach them to cover their nose and mouth when they cough
or sneeze. Instruct the patient to properly dispose of any soiled tissues. Have them wash their hands
after coughing, sneezing, wiping the nose or mouth and after coming in contact with contaminated
items or potentially contaminated items. They should also be told to try to avoid contact with
individuals who may have an infection. Insect spraying programs and proper air filtering in the
medical facility are also valuable methods of reducing transfer of pathogens. Additionally, using a
hand sanitizer can be helpful after washing hands or to reduce the spread of germs if there is no place
to wash hands.

Portal of entry

The mouth, nose, skin, trachea, and mucus membranes are all portals of entry where pathogens may
enter the body. Eating or drinking something contaminated is an example of how this can occur.
Contracting a virus through a cut on your hand or inhaling droplets contaminated with a pathogen are
other examples of entry.

Ensuring the use of sterile and clean supplies or equipment will reduce the entry of pathogenic
microorganisms. Additionally, using barriers such as masks and gloves, careful handling of food and
water, proper personal hygiene, refraining from risky behavior, and careful prevention from insect
bites and stings, are all methods to prevent entry of microorganisms to a susceptible host.

Susceptible host

The last link in the infection chain is a susceptible host. This is normally a person who cannot resist a
microorganism invading the body, multiplying, and resulting in infection. The host is susceptible to
the disease, lacking immunity or physical resistance to overcome the invasion by the pathogenic
microorganism. A human host can be susceptible to pathogenic invasion by virtue of their age, state
of health, or by breaks in the skin.

The stages of infection

Looking again at the infected host, you see there are four stages or periods to the infectious process.
They include incubation, prodromal, illness, and convalescence.
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Incubation

This period is characterized by invasion of a microorganism to the onset of symptoms. During this
time the pathogen will grow and multiply. The duration of this period will vary on the type of
microorganism involved. Some viral diseases may be transmitted during the incubation stage.

Prodromal

The prodromal period is the time from the onset of nonspecific symptoms to the start of specific
symptoms of infection. During this period, the patient may experience lethargy, malaise, fatigue, and
fever. Depending on the disease, this stage can last a few hours to a few days; microorganisms are
more likely to spread within this infectious period. Many times, individuals don’t realize they are
truly ill until specific symptoms occur. Unfortunately, this prevents them from taking protective
precautions, which allows the infection to spread.

IlIness

Systemic and localized symptoms appear in the iliness period. The patient may suffer from headache,
malaise, and fever. Other specific signs may include rash, edema, leukocytosis, purulent wound
drainage, nausea, vomiting, and diarrhea. Symptom severity and duration is based on the power of the
microorganism and the individual’s susceptibility to the causative agent.

Convalescence

The convalescent or recovery period starts when symptoms begin to subside and continues until the
patient has returned to a normal, healthy state.

Body defense mechanisms

There are five major defensive systems that the body uses to prevent entry of infectious
microorganisms and the spread of infection—the skin, mucous membranes, tears, lymphatic system,
and antibody formation.

The skin

Skin is the body’s protective armor and its best natural barrier to infection. As long as this barrier
remains intact and unbroken, it repels invasion of pathogens. If the skin is penetrated or removed in
any way, then microorganisms have free access to the deep tissues that provide an ideal breeding
ground for infectious agents. This is important for you to remember because it not only applies to
patients who may be ill or have wounds but also applies to you as a medical team member. We have
stressed the importance of handling sharp instruments, needles, and blades with great care. This is not
only to prevent being severely cut or stabbed but also to prevent accidental infection by highly
virulent microorganisms. A needle used on a patient with type B hepatitis or HIV is a potentially
deadly item!

During minor surgical procedures, we help enhance the protective nature of the patient’s skin by
performing preoperative skin preparation with antibacterial agents that leave a germ-Kkilling residue.
We also exercise great care in doing preoperative shave preps (when necessary) to avoid nicking or
cutting the skin. Before injections or introduction of intravenous catheters, the patient’s skin is
antiseptically cleanedto avoid introducing infectious agents into deep tissues or the vascular system.

To protect your skin as well as the patient, always wear protective gloves when handling any
contaminated or soiled items. If at all possible, avoid “scrubbing” if you have cuts or other breaks in
the skin on your hands or arms. If harsh germicidal chemicals and soaps are drying and cracking the
skin on your hands, use a skin moisturizer (after duty) to keep the skin supple and moist. Remember,
healthy skin is the best defense you and your patients have against infection.

Mucous membranes

Any tract or orifice of the body that communicates with the external environment is a potential entry
point for infectious microorganisms. That’s why nature provided us with moist, highly vascular
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mucous membranes to line most of these entry points. The nose, throat, respiratory and genitourinary
tracts are all lined with protective mucous membranes that trap microorganisms. Since the
membranes are well supplied with blood, any invading pathogen can be quickly destroyed by a
massive influx of white blood cells that engulf and digest microscopic invaders. Some mucous
membranes, such as those in the nose, have hairs projecting out of them that help filter and trap
foreign matter. Other mucous membranes, like those lining the trachea, have tiny hair-like projections
called cilia that also filter and trap foreign bodies, keeping them away from more susceptible inner
body tissues. Last, mucous membranes can harbor certain microorganisms (normal flora) that aid in
defending against infection by other microorganisms. One example of this is a type of bacteria
normally found in the vagina that help keep the vaginal mucosa acidic. This acidic environment helps
prevent the growth of harmful microorganisms and yeasts.

Tears

Tears are the eyes’ protective fluid bath. They wash away dirt, debris, and microorganisms that could
potentially cause inflammation or infection.

Lymphatic system

The lymphatic systemis closely associated with the circulatory system. It consists of a system of
vein-like, one-way vessels that return excess tissue fluid to the blood stream. The lymphatic system
also contains specialized glands and nodes that play a key role in fighting infection by producing
some types of large leukocytes (white blood cells) that are called lymphocytes. Lymph nodes in this
systemalso act as mechanical filters that trap invading organisms and prevent them from entering the
blood stream. During an infection, lymphocytesand leukocytes attack, engulf, and digest the
pathogenic microorganisms in the tissues. The lymphatic vessels also transport pathogens to regional
lymph nodes and glands where they are trapped and destroyed by lymphocytes contained in the
lymphatic tissue before they can enter the bloodstream.

The tonsils, adenoids, spleen, and thymus gland are parts of the lymphatic system. When your tonsils
(if you still have them), or the glands in your jaw swell and are inflamed, it is a sign these glands are
waging war against invading pathogens. The battle is concentrated at those sites. One of the reasons
ear, nose, and throat (ENT) surgeons do not routinely remove the tonsils and adenoids of young
children anymore (it was once a routine practice), is because these glands play a key role in protecting
the body against disease.

In addition to the lymphocytes produced in the lymphatic system and transported to infection sites by
the circulatory system, the body contains other large pathogen-ingesting cells called macrophages or
histiocytes. These cells are found in the walls of blood vessels and in loose connective tissue. Many of
these macrophages remain fixed in the tissue and attack any invading foreign organism that comes
near them. Some macrophages remain immobile until activated by an inflammation; then they begin
to wander, destroying foreign organisms they encounter.

Antibody formation

A part of every normal person’s defensive arsenal is the immune system that creates substances called
antibodies. These antibodies are substances created in the body to attack specific foreign substances
generally classified as antigens. Antigens stimulate the manufacture of antibodies and can include
such harmful agents as bacteria, foreign tissue cells, toxins, or foreign proteins.Immunity provided by
antibody production can be naturally acquired by contracting a certain disease, or it can be artificially
induced by inoculating a person with a vaccine or toxoid (antigen) related to the disease.

Body responses to infection

Now that you know more about the body’s natural defense mechanisms, it is time to find out what
actually happens when an infection starts and begins to spread.



1-20

When pathogenic microorganisms enter deep body tissues, the body responds with a defensive
reaction commonly known as an inflammatory response or inflammation. This reaction can also be
triggered when any foreign, physical, chemical, or biological agent enters the body.

The first reaction that occurs after microorganisms invade the injured tissues is anincrease in the flow
of blood to the area. The increased blood flow dilates the blood vessels in the area and carries large
numbers of leukocytes to the damaged tissues. As a result, the tissues near the injury turn red and feel
warm. The leukocytes carried by the blood engulf and digest invading pathogens.

After this initial attack, the blood flow to the area slows and swelling (edema) occurs due to the
buildup of fluid in the injured tissues. The swelling causes pressure on surrounding nerves and creates
the sensation of pain. As more leukocytesare brought to the injured area, pus begins to form. Pus is
actually an accumulation of live and dead microorganisms, dead leukocytes, and tissue fluid that
combine to form a thick, white-colored substance. The process of pus formation is called suppuration
and pus-forming infections are referred to as being suppurative.

Up to this point, the infection is localized near the injury or pathogen entry site. If it remains
localized, it may form a boil or abscess. If the infection is too great to be controlled at the entry site,
then the lymphatic system transports the infectious agents to regional lymph nodes where the battle
intensifies. Infections that spread to the lymph nodes are called regional infections and are
characterized by painful, swollen glands.

Sometimes, the infection wins the battle in the lymph nodes and spreads to the circulatory system.
Once in the blood stream, the pathogens rapidly spread throughout the body tissues resulting in what
is known as a systemic infection. If this systemic infection persists, the resulting condition is called
septicemia.

You should now have a general understanding of the infectious process, including the elements in the
chain of infection and how the body defends against it. Itis important to remember that all it takes is
breaking one link in the chain to stop the infection from occurring. Let’s look at how we can break
the chain.

Breaking the chain of infection

As discussed earlier, the infectious process is a continual cycle, which requires certain conditions to

exist to allow a disease to spread. To break the chain at certain points would disrupt this process and
prevent the disease from spreading (fig 1-7). The following table demonstrates how the chain can be
broken at these points in the infectious process:

Link Method to Break Link Interventions
Reservoir Prevent microorganism transfer | Standard precautions
Infected patient Hand washing
Gloves

Isolation techniques
Transmission-based precautions

Portal of exit Prevent contamination Standard precautions

Sputum Hand washing

Blood Cough etiquette

Urine Not recapping needles

Feces Correct sharps handling
Properdisposition of contaminants
Disinfection

Aseptic practice
Transmission-based precautions

Mode of transfer Prevent contamination Standard precautions
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Link

Method to Break Link

Interventions

Hands
Contaminated food

Contaminated equipmentand
supplies

Destroy vectors

Hand washing

Sterilization

Safe food handling

Disinfection

Properdisposal

Surgical asepsis

Isolation techniques
Pestcontrol measures
Transmission-based precautions

Portal of entry
Mucous membranes
Break in skin

Mouth

Protect mucous membranes
Protect the skin

Ensure only clean things putin
mouth

Standard precautions
Hand washing
Skin care

Antiseptic hand wash before invasive
procedures

Cover breaks inskin
Keep items outof mouth

Thorough skin cleaning before invasive
procedures

Transmission-based precautions

Susceptible host
Susceptible patient

Proper nutrition
Proper hygiene
Adequate rest

Reduced stress

Standard precautions

Hand washing

Asses potential risk forinfection
Enhance natural body defenses
Protective isolation
Transmission-based precautions

Handwashing
Personal Hygiene
Maintain Natural

Barriers

Handwashing
Wear Gloves
Use Sterile Technique
Control Air Movement
Control Vectors

Portal of
Entry

Mode of
Transmission

Handwashing
Proper Disposal of
Waste Products

Susceptible
Host

Infection

Portal of
Exit

Breaking the Chain of

Limit Exposure
Maintain Immunization Program
Maintain Good Health Habits

Infectious
Agent

Handwashing
Antibiotic Therapy
Cleaning/Disinfecting

Reservoir

Isolation Techniques
Eliminate Infectious Agent

51955148007

Figure 1-7. Breaking the infection chain.
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Infectious agent precautions

As mentioned earlier, isolation precautions prevent the spread of disease by blocking transmission of
the infectious agent. Since each infectious agent has a particular mode of transmission, the isolation
precautions must be tailored to the agent. The CDC has recommended a two-tier system of
precautions to be used within hospitals — standard precautions and transmission-based precautions.
Standard precautions were developed as a primary strategy in the prevention of nosocomial
infections (illness or disease originating or acquired in a medical facility). Transmission-based
precautions were developed to prevent the spread of infectious agents by interfering with the
organisms’ known method of transmission.

Standard precautions

Standard precautions have been developed by the CDC to aid in breaking the infection chain. These
standard precautions are designed to protect both the medical staff and the patient and are to be
applied during patient contact. A partial listing of standard precautions is given in the following
instructions:

1. Wash hands after touching blood, body fluids, excretions, secretions, and any contaminated
items even if gloves were worn. Wash hands after every patient contact. Sometimes it may be
necessary to wash hands between tasks on the same patient.

2. Wear gloves when touching body fluids, blood, secretions, excretions, and any contaminated
items. Change gloves between patient contact even on the same patient.

3. Gowns or aprons are worn when splashing, splattering, smearing, or soiling from blood or
body fluids is possible.

4. Masks, goggles, or face shields are worn when splattering or splashing of blood or body
fluids is possible.

5. Handle used patient-care equipment soiled with body fluids, secretions, excretions, or blood
in a way that ensures no contact with skin or mucous membrane, clothing, or any other
patients or patient environments.

6. Eachfacility should have adequate policies in place for cleaning and disinfecting beds,
bedrails, bedside equipment, environmental surfaces, and any frequently touched items.

7. Handle, transport, and process soiled linens in a way that ensures there is no contact with skin
or mucous membrane, clothing, or any other patients or patient environments (that means do
not hold dirty linen waded up in your arms or against your body). Wear appropriate personal
protective equipment (PPE) and hold linen away from your body by gloved hands.

8. Use extreme care to prevent injuries when using or cleaning needles, scalpels, and any other
sharp instruments or devices. Do not recap used needles, or manipulate using both hands, or
use any technique that directs the needle point toward the body; rather, use the one-handed
“scoop” method or a mechanical device that can hold the sheath. Place used sharps in
puncture-proof containers, which are located in close proximity to where the item was used.

9. Use barrier devices such as a bag-valve-mask, pocket mask or some type of ventilatory
device as an alternative to mouth-to-mouth resuscitation.

10. Patients who contaminate the environment, do not, or cannot maintain appropriate hygiene or
environmental control should be placed in a private room.

Remember that standard precautions are used to reduce the risk of transmission of micro-organisms
from both recognized and unrecognized sources of infection in clinics or hospitals. Simply stated, you
may not know if your patient has an existing infectious process going on within their body. Therefore,
it is important to your health and welfare to use precautions when dealing with any body fluid,
whether it is blood, secretions, excretions, non-intact skin, or mucous membranes as it is all
potentially infectious.



1-23

Transmission-based precautions

When a patient is infected with highly transmissible pathogens, transmission-based precautions are
used. There are three types of transmission-based precautions: airborne, droplet, and contact
precautions. For patients with highly contagious disease processes, the CDC recommends all
transmission-based precautions be used in conjunction with the standard precautions. A good rule to
follow is to ensure you are familiar with the disease process you are dealing with, understand the
route of transmission, and ensure you follow all transmission and standard precautions to prevent the
spread of infection to yourself and others.

Airborne precautions

To reduce the risk of spreading infectious agents by the “airborne” route, place the patient in a private
room, which has monitored, negative air pressure. Keep the door to the room closed, and wear
protective respiratory equipment (mask). Infectious agents that are spread through the air can be
dispersed by air currents. Tuberculosis, varicella, and measles are diseases spread in this manner.

Droplet precautions

Patients with infectious agents that can be spread by coughing, sneezing or talking are placed in
droplet precautions isolation. Wear masks when working within three feet of these patients. Bacterial
infections spread by droplet transmission include diphtheria, mycoplasma pneumonia, pertussis,
pneumonic plague, streptococcal pharyngitis, pneumonia, and scarlet fever. Viral infections include
adenovirus, influenza, mumps, parvovirus, and rubella.

Contact precautions

Contact precautions are required when infections spread by way of direct contact or indirect contact
canoccur. A patient must be placed in a private room or with another patient who has the same
infection. Always wear gloves when entering the patient’s room, and when providing nursing care,
remove the gloves when leaving and wash your hands with an antimicrobial agent. If you think your
uniform may become contaminated, wear a gown for protection and remove the gown prior to leaving
the patient’s environment. Some of the more commonly seen diseases within this area of precaution
include hepatitis A, herpes simplex, impetigo, pediculosis, scabies, and viral conjunctivitis.

General Hygiene

You may have noticed hand washing is mentioned in nearly every context that deals with breaking
the chain or preventing the spread of infection. The same applies to general hygiene practices for the
staff as well as the patient. Remember reading how normal bacteria in the wrong place can lead to
infections? Practicing good hygiene decreases these risks by washing skin with soap, water and
friction and washing facial and body hair. Good hygiene also applies to ensuring clothes are kept
clean and dry and washed frequently. For some people, this may seem like a silly topic to bring up.
You must realize you will be working with patients and staff from all over the world and from many
different cultural backgrounds. Different cultures have very different views on hygiene practices! In
some cultures, people do not use deodorant or bathe each day. On the other hand, you may also know
someone who showers three times a day! It is important for you to be able to explain why regularly
washing hands, wearing clean clothes, brushing teeth, showering with soap and shampooing hair are
an integral part of decreasing the spread of infection and promoting health.

As a healthcare worker, it is essential you have excellent hygiene practices! Throughout a day, you
may touch many sick or injured patients, handle specimens and used equipment. You must take a
shower and brush your teeth at least once a day, wash your clothes and store them in a neat and clean
area. Even washed clothes left in a heap in the closet or on the floor will pick up dirt and microscopic
organisms that may lead to iliness for you or your patients. Clothes that are contaminated at work
should be changed as quickly as possible, bagged, and then washed in hot soapy water. One place
many people forget to wash closely is under fingernails. Itis very easy for dirt and debris to collect
under your fingernails. Think about all the times you touch your face with your hands. You should
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use a nail scrub brush to remove particles that are not washed off with regular handwashing. This is
especially important before and after assisting with any medical procedure. Last, but not least, good
hygiene practices ensure you appear (and smell) professional!

Housekeeping

At first thought, what do housekeeping duties have to do with performing as a medical technician? In
most cases, once a procedure is complete, the responsibility of preparing the room for the next patient
lies with the technicians. Housekeeping is a locally contracted service provided to each treatment
facility and specific guidelines differ from one facility to another. Ensure you know what the specifics
of the housekeeping contract are before being in a situation when there are more patients than exam
rooms available.

The primary purpose of the housekeeping duties is to control the spread of infection. The previous
lesson reviewed the basics of asepsis. The third principle of asepsis: limiting the spread of
microorganisms breaks the infection cycle, promoting an aseptic environment for our patients.
Whether visiting a clinic, being admitted to an inpatient unit or undergoing major or minor surgery,
preventing the spread of infection is the governing rule why housekeeping is accomplished. Most
housekeeping contracts do follow some basic guidelines. Most will include:

e Empty trash daily.
e Terminally clean non-medical equipment when patients are released from care.

e Mop/clean any “slipping” hazards upon notification. There may be some limitations on
biohazard materials such as blood or other body fluids.

Housekeeping is usually not responsible for:
e Emptying sharp’s containers.
e Cleaning/disinfecting medical equipment or reusable supplies.
e Cleaning up blood, feces, or dirty linens left by a patient.

These are just a few examples. You should always make sure you are aware of the Occupational
Safety and Health Administration (OSHA) standards, and any other guidelines you are held to when
performing housekeeping duties. Specific details for cleaning a patient unit and performing
disinfection procedures will be covered in depth later in this volume.

004. Description of common communicable diseases

It is extremely critical to be familiar with the most common communicable diseases. As a 4NO, it is
very likely you will be providing care for patients with some type of communicable disease. The
information provided should enable you to better understand these diseases and hopefully assist in the
safety of your patient as well as yourself. Although there are many different types of communicable
diseases, this lesson will discuss some of the more common forms you must be aware of, along with
their characteristics.

He patitis

Hepatitis is an inflammation of the liver caused by bacteria, viruses, protozoa, helminths, chemicals,
or drugs. The hepatitis viruses specifically attack the liver and cause reactions ranging from slight
jaundice with a full recovery to complete destruction of liver tissue resulting in death. We used to
believe there were only two types of hepatitis virus, type A and type B. We now know there are many
hepatitis viruses, including type C (formerly called non-A, non-B), type D (the delta agent), and type
E (enteric). As researchers continue their investigations of viral diseases, other types may be
discovered.

Hepatitis types A and E cause symptoms commonly known as infectious hepatitis. This type of
hepatitis is usually transmitted by ingestion. Contaminated food, milk, and shellfish infected by
sewage-polluted waters are common sources of the A virus. Contaminated water is the primary source
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of the E virus. Type A and type E hepatitis is found worldwide, and is particularly prevalent in
countries with poor sanitation. Symptoms include fever, nausea, gastrointestinal upset, liver
enlargement and tenderness, and jaundice. The disease caused by type A usually lasts from three to
eight weeks (sometimes longer) and is seldom fatal. Type E hepatitis is not fully understood, but
appears particularly lethal for pregnant women. A short-term vaccine is available to protect against
Hepatitis A from three to six months; you may receive it if you are being deployed to a high-risk area.

Hepatitis types B, C, and D cause diseases commonly known as serum hepatitis; they are transmitted
solely by contact with infected blood or body fluids. The symptoms are similar to those of infectious
hepatitis, but the disease is more prolonged and more likely to cause permanent damage or

death. Type B hepatitis primarily affects young adults in high-risk groups (such as medical personnel);
adults generally recover, but the disease can be fatal in infected newborns. Type D hepatitis is found
only in combination with type B; it intensifies the effects of the disease and is the type most likely to
result in death. Type C accounts for as much as 90 percent of hepatitis found in post-transfusion
patients.

Serum hepatitis is of special concern to medical personnel because of the probable and sometimes
frequent exposure to blood and body fluids, combined with the inherent risks presented by the
numerous sharp instruments used in medicine. Even 0.0001 milliliters (ml) of blood can transmit the
infection, even a scratch from an infected instrument can result in the disease. This is why it is
imperative for medical personnel to be immunized with the hepatitis B vaccine (the vaccine also
immunizes you against type D). The vaccine is mandatory for all military healthcare workers. The
risk of transmission is also one reason you must immediately report all needle sticks or wounds
received on duty to your supervisor. You should be tested for hepatitis after any sharp instrument
injury or other exposure to blood or body fluids.

Since Hepatitis A and B are better understood, let’s take a look at some additional information. Keep
in mind that these diseases can be prevented with proper PPE, vaccinations, situational awareness and
following public health rules, especially whenyou are in a foreign country.

Hepatitis A

The hepatitis A virus (HAV) is usually a mild disease lasting 1 to 2 weeks, but can be debilitating and
last several months. The symptoms include fever, malaise, anorexia, nausea, and abdominal
discomfort followed within a few days by jaundice. Children under the age of two with HAV usually
are asymptomatic (do not exhibit symptoms). Children above this age are more likely to have
symptoms. The disease is transmitted by the fecal-oral route. The incubation period is 15 to 50 days
with an average of 28 days. The infected person usually sheds the virus in the feces during the last
half of the incubation period. The virus usually disappears from the feces within a week after the
onset of symptoms.

HAYV is a common problem in child development centers because of the poor hygiene of young
children and because many of the infected children are asymptomatic. This is why diapered and
toilet-trained children are separated in child development centers. Also, it can be a problem for the
military members who are assigned or deployed to an area of endemic disease. This virus is
transmitted through contaminated food and water, including milk, sliced meats, salads, and raw or
undercooked mollusks, or by direct contact.

Those at risk for hepatitis A can be educated about the importance of sanitation. For example,
caregivers at child development centers are at risk of acquiring hepatitis A if they care for diapered
children. If proper hand washing and diaper changing procedures are not rigidly followed, it is
possible to pass the infection on to other children and caregivers. You normally will not be aware of a
problem until infected caregivers or parents become symptomatic. By the time adults show symptoms
you may have a full-scale epidemic on your hands.
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Education is not the only preventive measure you can take to protect people exposedto HAV. Those
exposed to hepatitis A can be given an injection of immunoglobulin intramuscularly (IM) to prevent
hepatitis A infection or to lessen their symptoms. However, for this injection to be effective, it must
be administered within two weeks of exposure.

Hepatitis B

The effects of the hepatitis B virus (HBV) can be more severe than hepatitis A. Symptoms of HBV
includes anorexia, vague abdominal discomfort, nausea, and vomiting. Sometimes a rashis present
and jaundice ultimately develops. Fever is usually either mild or absent. Hepatitis B virus may
infrequently result in chronic infection in carriers, chronic active hepatitis, and cirrhosis of the liver. It
is the primary cause of hepatocellular carcinoma, a form of liver cancer. Although HBV has been
found in all body fluids, such as blood, saliva, and semen, only the blood or serum derived fluids are
known to be infectious. Contaminated needles, syringes, and other intravenous equipment are
important vehicles for transmitting the disease, especially among IV drug users. The infection can be
spread through contamination of wounds and lacerations, or by exposure of mucous membranes to
infected blood. All of these are a potential source of transmission in health care occupations. This
virus is also transmitted through sexual contact.

Those exposed to HBV should be given hepatitis B immunoglobulin within one week of exposure.
Since HBV is transmitted through body fluids, people such as health care providers, laboratory and
blood bank workers, and dental personnel are at risk for occupational exposure. Examples of
exposures might be from needle sticks or exposure to an infected patient’s mucous membranes.
However, there is an effective vaccine to prevent HBV infection. The vaccine is a series of three
injections given over six months. The follow-up injections are given at one and six months after the
initial injection. Vaccination of military members who are at high risk for occupational exposure to
hepatitis B virus is now mandatory.

Airborne/respiratory diseases

One of the most significant communicable diseases occurring among the active duty population is
respiratory (or airborne) disease. There is much concern over these types of diseases due to the
adverse effects they can have on Air Force operations and activities. Respiratory diseases are readily
transmitted by casual contact and they are difficult to control or prevent. Although vaccines have
been developed for common respiratory diseases such as mumps and rubella, others still pose a threat
to the health and effectiveness of our highly mobile force. While there are many respiratory or
airborne diseases, only a few of the more common diseases will be covered.

Meningitis

Meningitis is simply an inflammation of the meninges covering of the brain and/or spinal cord and is
caused by various organisms such as bacteria, viruses, fungi, or parasites. Though meningitis
manifests in many forms, the discussion is limited to three general types—bacterial meningitis, viral
meningitis, and pneumococcal meningitis.

Bacterial meningitis

This is the most serious type of meningitis and is sometimes fatal. Bacterial meningitis spreads easily
from person to person by direct contact or droplet infection. Since the responsible bacteria are carried
in the nasopharynx, all oral or nasal discharges are capable of transmitting the disease. Signs and
symptoms include sudden onset of fever, headache, nausea, occasional vomiting, stiff neck, and very
often a rash. Some patients progress to delirium or coma.

Viral meningitis

This form of meningitis, often called “aseptic meningitis,” is the most common and is less severe than
bacterial meningitis. Several viruses can cause the disease, but the mumps virus seems to be the most

common. Other common viruses, including herpes simplex and varicella are also known to cause the
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disease. Viral meningitis is characterized by sudden onset of fever and headache. The mode of
transmission and incubation period varies depending on the virus responsible for the infection. The
illness seldom exceeds 10 days and is rarely fatal.

Pneumococcal meningitis

This type of meningitis occurs mainly in infants and the elderly. Signs and symptoms include a
sudden onset of chills, fever, difficult breathing, a productive cough, and chest pain. The cough
produces “rusty” or blood-tinged sputum.

Streptococcal infections

Streptococcal sore throat is the most common type of streptococcal infection caused by the
streptococcus pyogenes (group A strep) organism. Those infected carry the organism in the
oropharynx and transmit the droplets through kissing, touching, or sharing drinking or eating utensils.
The incubation period of streptococcal sore throat is one to three days and characterized by the
sudden onset of sore throat, fever, and headache. The normal treatment for a laboratory confirmed
infection is penicillin; however, the infection usually resolves itself if untreated. The problem with
untreated streptococcal sore throat is it could progress to rheumatic fever, kidney inflammation, or
scarlet fever.

Rhinoviruses and influenza viruses

The diseases we call the “common cold” are caused by numerous rhinoviruses. The rhinoviruses
primarily attack the respiratory system and can cause severe inflammation of the nose and throat.
Young children are particularly susceptible to “colds” caused by these viruses, and pneumonia is
always a possible complication.

Influenza is an acute, febrile, respiratory infection that may exhibit systemic manifestations. The
average incubation period of influenza is one to three days. Symptoms include a sudden onset of
chills, fever, headache, generalized aching, swollen glands and malaise. Fever may last one to seven
days, with an average of three days, and most patients usually recover in a few days. Recovery is
slower than with rhinoviruses and because of the body’s weakened state bacterial pneumonia can
easily develop. The elderly and people with chronic diseases are prone to complications such as
pneumonia.

Because there are numerous types of rhinoviruses and influenza viruses, it is impossible to develop
vaccines to inoculate against all of them. The “flu shot” you get every year is intended to inoculate
you from the influenza strains epidemiologists believe will be most virulent during the season; it does
not protect you fromall forms of influenza. Surgical patients are particularly susceptible to viral
infections because their bodies are already weakened by disease or injury. The trauma caused by
surgery weakens their natural defense mechanisms and allows infection by “cold” or “flu” viruses to
cause numerous complications.

Besides being highly virulent to patients with weakened immune systems, rhinovirusesand influenza
viruses are highly contagious and easily transmitted from person to person. Even wearing masks does
not provide complete protection as these viruses are easily spread via aerosol droplets that blow
through the masks when you sneeze, cough, talk, or laugh. The viruses can contaminate sterile setups
and find their way into open wounds. As a result, not only are patients infected but a mini epidemic
can spread amongst medical personnel. Overall patient care suffers because there are fewer healthy
staff members to provide direct patient care. Also, those infected personnel who remain on duty
perform at less than peak proficiency because they simply do not feel well.

The best way to combat rhinovirusesand influenza viruses is to keep you healthy. If you do come
down with a cold or the flu, report it to your supervisor. You may need to work away from direct
patient care, especially if you are working with patients that are at high risk for infection.
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Tuberculosis

Tuberculosis is a highly contagious infection caused by the bacterium called mycobacterium
tuberculosis. It primarily affects the lungs, but it can form and cause necrosis in tissues of any organ
and is transmitted by the inhalation of droplet nuclei. A single exposure to tuberculosis is not likely to
result in infection. It takes repeated, prolonged exposures to develop infection, as those occurring in
close quarters such as homes, dormitories, nursing homes, classrooms, or offices. Initial infection
usually goes unnoticed. If a susceptible person inhales tubercle droplets and they reach the alveoli of
the lungs, tuberculin sensitivity usually appears within a few weeks. Common symptoms include
fatigue, weight loss, fever, chills, night sweats, loss of appetite, and a persistent cough. Most patients
do not seek medical attention until they develop a persistent productive cough, cough up blood, or
experience chest pains.

Sexually transmitted diseases

Sexually transmitted diseases (STD) are amongst the most common types of infectious diseases in the
United States today. They are caused by a variety of infectious agents transmitted primarily through
sexual contact. Although transmitted primarily through sexual activity, other methods of transmittal
pose a significant threat to our safety and health while treating those infected. This category includes
AIDS, chlamydia, gonorrhea, herpes, and syphilis.

Human immunodeficiency virus and acquired immunodeficiency syndrome

One of the most widely publicized, life-threatening, and incurable disease-causing viruses is the
human immunodeficiency virus (HIV). Itis the virus that causes acquired immunodeficiency
syndrome (AIDS). This virus poses a serious occupational health risk to medical personnel.

HIV is transmitted by exposure to infected blood, blood components, or other body fluids; primarily
those that contain white blood cells. The virus has been found in blood, semen, vaginal secretions,
saliva, tears, breast milk, cerebro-spinal fluid, synovial fluid, pleural fluid, pericardial fluid, peritoneal
fluid, amniotic fluid, and urine. The virus may be spread by unprotected contact with any of these
fluids, butis NOT spread by casual contact with an infected person.

The HIV virus may remain dormant for 10 years—maybe even longer—before any symptoms of
infection develop. Whenthe HIV virus develops into AIDS, it virtually destroys the body’s immune
system. This makes the body susceptible to nearly all diseases or pathogenic agents. Death is
inevitable and results from complications associated with numerous diseases occurring
simultaneously.

All healthcare workers who handle or are exposed to blood and body fluids run a significantly greater
risk of being infected than the average person. As a result of this increased risk, the CDC recommend
healthcare workers consider all patients as potentially infected with HIV. It also recommends
healthcare workers take standard (universal) precautions with all patients. OSHA issued the standard
Occupational Exposure to Bloodborne Pathogens; Final Rule. This standard requires employers and
employees at risk of exposure to follow certain rules and wear certain attire.

AIDS is the acronym for acquired immunodeficiency syndrome first used by the CDC in 1982. Itis
used to describe a group of symptoms that usually result from an infection with a virus. This disease
has affected many people around the world and even created a panic situation in some areas. The
effects of this disease have single-handedly changed the sexual conduct of many people in our
society.

The virus initially was called human T-lymphotrophic virus type 111 (HTLV-III) in the United States
and lymphadenopathy associated virus (LAV) in France. HIV stores its genetic material in the
ribonucleic acid (RNA). HIV infected cells use an enzyme called reverse transcriptase to copy the
viral genetic material from RNA into DNA. This genetic information stays in the infected cell and
continues to replicate more viruses that can infect other cells. HIV destroys the body’s ability to
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defend against invading organisms since it attacks the T, (T-helper or CD, cells), as well as, the
macrophages/monocytes.

As stated above, HIV is primarily transmitted in blood, semen, or vaginal secretions through a variety
of transmission modes. The most common form of contact is direct contact during sexual intercourse.
Other modes of transmission include sharing contaminated needles (drug abusers) and receiving
contaminated blood (hemophiliacs and other blood recipients). A number of newborn infants also
have contracted the virus from infected mothers. Finally, and of particular concernto us, a few health-
care workers have contracted the virus while caring for infected patients. This usually happens when
the worker is exposed to the patient’s secretions during a procedure.

When the AIDS virus enters the bloodstream, it begins to attack the T-lymphocytes, and one of three
things happens:

1. The victim may carry the virus, but remain asymptomatic.

2. He or she may develop the characteristic signs and symptoms of the immunodeficiency
syndrome.

3. The victim may develop the symptoms of a lesser condition called the AIDS-related complex
(ARC).

The immunodeficiency syndrome is so named because of characteristic symptoms developed by the
victims. Victims become susceptible to all sorts of opportunistic infections. An opportunistic infection
is caused by a microorganism that is normally nonpathogenic or not strong enough to overcome the
immune system. Some of the symptoms that develop include fever, rapid weight loss, swollen lymph
glands, fatigue, diarrhea, persistent dry cough, skin blotches or bumps, and “thrush” which is a fungal
infection of the mouth and throat characterized by thick white spots. All of these symptoms can also
be seen in other disorders. The symptom most characteristic is the development of opportunistic
infections with a very high rate of fatality (e.g., some individuals develop uncommon types of
cancer). There is some evidence the virus also attacks the nervous system producing long-term
damage. Signs of neurological damage include memory loss, confusion, loss of coordination,
paralysis, etc.

The AIDS-related complex is less serious than the immunodeficiency syndrome. Symptoms are
similar but milder than those mentioned for the actual syndrome (loss of appetite, weight loss, fever,
skin rash, diarrhea, fatigue, swollen lymph glands, and a decrease in resistance to infection).

AIDS has raised a moral and ethical issue that directly affects you. Itis possible for you to become
infected while caring for an AIDS patient. It is extremely unlikely if you follow all the recommended
precautions, but there are instances (heart attacks, surgeries, hemorrhages, and various other
emergencies) where it is difficult to avoid contact with the patient’s bodily fluids.

The Air Force currently uses two lab tests to confirm exposure to the HIV virus, the Enzyme-Linked
Immuno-Sorbent Assay (ELISA) and Western blot test. Both tests detect HIV antibodies, but the
Western blot is more specific. Neither test can detect the virus itself. These tests are highly sensitive
when used for testing high-risk groups such as homosexuals and intravenous drug users, but less
predictive for low-risk groups. If the ELISA testis positive on a blood sample, the sample is then
tested with a Western blot test.

Human papillomavirus

Genital human papillomavirus (HPV) is now the most common sexually transmitted disease and there
may be as many as 40 types of HPV. Itis a virus that infects skin and mucus membranes and
generally infects the genital regions in men and women to include the skin on the penis, the vulva
(area outside the vagina), the cervix, lining of vagina and the rectum.

Certain types of HPV cause genital warts but otherwise may not be detectable by sight; many people
do not know that they or their partner has HPV. HPV is a risk factor for cervical cancer in women. On
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rare occasions, a woman may pass HPV to her baby during a vaginal delivery and the child may
develop warts in the throat. Recently, a new vaccine for women was introduced onto the market with
recommended vaccinations for women 11 to 26 years of age. There is currently no approved
preventive treatment for men other than abstinence or condoms.

Condyloma is a wart appearing on the genitalia or rectumand is also spread by sexual contact. They
may be single or multiple warts that are soft, fleshy or flat and they may also occur in a cauliflower
like mass. Condyloma is frequently diagnosed by a Pap smear or biopsy. The common forms of
treatment are cryotherapy (freeze) or topical Podofilox 0.5%. Regardless the type of treatment,
however, recurrence is common.

Chlamydia

A chlamydia infection can affect the urogenital and reproductive tract of both men and women and
the conjunctiva and lungs of newborn infants. This infection is just as serious as a gonococcal
infection. Chlamydia infection in men is often called non-gonococcal urethritis (NGU). Chlamydiae
share properties with both bacteria and viruses. Like viruses, chlamydiae only grow intracellularly,
which makes culturing difficult and expensive. Chlamydia infections are not always apparent, and
many infected men and women may be asymptomatic. It can be transmitted from one person to
another during sexual intercourse with either the penis or vagina becoming infected. It has also been
isolated from the pharynx and rectum from both heterosexual and homosexual men and women. The
organism is also transmitted from the mother’s birth canal to the newborn’s conjunctiva during
delivery.

Gonorrhea

Gonorrhea is another common STDs. It is spread from one person to another by intimate penile,
vaginal, oral, or rectal contact with an infected person. The gonococcus bacteria travel from the
mucous membranes of the infected partner to the uninfected partner’s mucous membranes; however,
it does not always infect the uninfected partner. Organisms often die during sexual contact, making
the chances of catching gonorrhea during a single exposure about 50 percent. Repeated sexual contact
with an infected person greatly increases the chances of becoming infected.

In males, about three to seven days after contact, gonorrhea causes a thick, whitish-yellowish
discharge of pus from the penis. This discharge consists of dead urethral cells, bacteria, and white
blood cells. The meatus becomes swollen, making urination difficult and painful. Some men are
asymptomatic and do not show any signs or symptoms. These men do not seek medical attention and
are amajor factor in the continual spread of the disease.

In about 20 percent of the men who remain untreated for longer than a month, the bacteria spread
down the vas deferens, reach the epididymis on the back of one or both of the testicles, and cause
gonococcal epididymitis. Epididymitis, which occurs more commonly on the left side, causes pain in
the groin, a heavy sensation in the affected testicle, and the formation of a small, hard, painful
swollen area at the bottom of the testicle. The overlying skin of the scrotum becomes red, hot, and
painful. Even when treated, gonococcal epididymitis leaves scar tissue, which closes off the passage
of sperm from the affected testicle. Complications of gonorrhea in the male are extremely rare and
even when treatment is delayed, the patient will likely have a total recovery.

Gonococcal infections in females are more difficult to identify based on symptoms. The infection
may cause an unusual vaginal discharge; however, this discharge is hard to distinguish from that
which normally occurs during sexual excitement, ovulation, a few days before menses, or during
pregnancy. Occasionally a burning sensation may occur during urination. Approximately 80 percent
of cases in women are asymptomatic. Therefore, it is very important for men with symptoms to notify
their female sexual partners immediately and for women to seek a medical examination for
gonorrhea.
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Complications canalso occur in the female if the infection goes untreated. Gonorrheal pelvic
inflammatory disease (PID) is the most common and most serious complication of gonorrhea
infections, occurring in about 50 percent of the untreated cases of uncomplicated gonorrhea. Because
uncomplicated gonorrhea does not produce noticeable symptoms in most women, the infection is
often not treated. If treatment is delayed for more than 8 to 10 weeks, the bacteria may travel into the
uterus. During menstruation, the bacteria can multiply rapidly in the dead cells and blood of the
uterine lining, spreading quickly up the sides of the uterus and attacking the inner walls of the
fallopian tubes. Infection may block the fallopian tubes, allowing pus to collect. As infection builds,
the tubes become grossly enlarged. Even after the infection resolves, the fallopian tubes frequently
remain blocked with scar tissue, often resulting in sterility. The infection can also travel out of the
fallopian tubes and invade the pelvic cavity. When this occurs, the pelvic tissues become swollen and
inflamed. A woman with gonococcal PID may experience one or more of the following symptoms:

e Lower abdominal pain.
e Pelvic tenderness.
e Elevated temperature.

e Dysuria.

e Vaginal discharge.
e Nausea.

e Vomiting.

Nongenital gonorrhea can attack organs other than the genitals. It can infect the rectum, pharynx,
conjunctiva, and bloodstream. In females, infectious heavy discharge or menstrual blood may be
manually transferred to the rectum and result in infection. Although it usually does not cause
symptoms, rectal gonorrhea caused by anal penetration may produce rectal mucous discharge, intense
rectal irritation, a feeling of incomplete evacuation after defecation, and burning pain during
defecation or anal intercourse. However, these symptoms are also often associated with men who
practice anal intercourse and do not have gonorrhea. Rectal contacts of persons with penile gonorrhea
should receive treatment since medical examination and diagnostic cultures may not detect rectal
gonorrhea.

Another form of gonorrhea is pharyngeal gonorrhea or oral gonorrhea. People with this form of
gonorrhea are usually asymptomatic. However, some symptoms may develop including mild to
severe sore throat, fever, and chills.

The third type of nongenital gonorrhea is gonococcal opthalmalia neonatorum, which occurs in
newborn infants. The eyes are infected as the infant passes through the birth canal of the infected
mother. Symptoms include intense redness, swelling, and a discharge usually occurring within three
days of birth. The infection usually occurs bilaterally and if untreated may lead to corneal ulceration
or orbital cellulitis. To prevent infection, all newborns in United States hospitals have silver nitrate
drops placed into their eyes immediately after birth.

Herpes

Genital herpes is a viral disease that usually affects sexually active people. Newborns can also be
affected during birth. Herpes is caused by herpes simplex virus (HSV). There are two types of HSV.
Type one (HSV1) usually causes cold sores or fever blisters of the mouth, and type two (HSV2)
usually causes genital herpes. HSV2 invades the nerve cells of the genital area. After the initial
infection, the HSV2 leaves the infected genital area and travels to the nerve cells that lie next to the
lower part of the spinal cord. The virus lives here for the remainder of the person’s life. Periodically
thereafter, reactivation of the virus within these nerve cells causes the virus to retrace its path back to
the nerves of the initially infected site. It is possible for this relapse to occur years after the initial
infection. Furthermore, such relapses may recur frequently or rarely. Due to the antibodies produced
by the body to fight off the first invasion of the virus, the repeat episodes are generally not as painful
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and do not last as long as the initial infection. Herpes can be transmitted from any form of sexual
contact including intercourse and oral-genital contact. Even the HSV1 has been found in the genital
areas of infected patients.

Syphilis

This disease occurs in both an acute and chronic form. The acute formis characterized by primary
stage lesions known as chancres; the secondary stage has characteristic skin rashes and mucous
membrane eruptions, as well as long periods of latency without symptoms. The late stage of syphilis
may be present as a chronic disease involving the central nervous systemand the cardiovascular
system. It is also possible for a pregnant woman to pass the infection to her unborn baby. Syphilis
occurs in stages classified as primary, secondary, latent, late, and congenital, but is only
communicable during the primary and secondary stages (and relapses during early latent stage). The
following are discussions on each stage of the infection, including signs and symptoms.

Primary

The first clinical sign of syphilis is the chancre (usually a dull red, hard, insensitive lesion) that forms
at the site the spirochete bacteria enters the body. The chancre is a characteristic single, painless

lesion that appears on the penis, meatus, or the scrotum of infected men. In men, the chancre is
usually visible; however, this is not true for women. The lesion occurs anywhere in the genital area
and because it is painless, it goes unnoticed if located in the vagina or on the cervix. Some people
never realize they have a lesion and progress to the secondary stage of the infection. Chancres occur
around the anus of people who practice anal intercourse and on the lips or inside the mouth of those
practicing oral sex. Syphilis is not confined to the chancre during the primary stage, as the spirochetes
travel throughout the body.

Secondary

Usually, within 6 to 8 weeks after the primary lesion appears, the patient enters the second stage of
syphilis. However, this stage could begin as soon as the primary lesion disappears or as long as
several months afterwards. The clinical signs of this stage vary and may affect any organ of the body.
The diagnosis is usually based on the existence of skin and mucous membrane lesions or a thinning of
the scalp hair. Along with these manifestations, other clinical signs of the secondary stage consist of a
mild fever, slight malaise, anorexia, headache, sore throat, myalgia, arthralgia, and aching bones.
These signs may be overlooked during the diagnosis, and the symptoms usually disappear after about
4 to 12 weeks, usually without scarring.

Latent

In this stage, the patient has no clinical signs of infection. This stage is divided into two parts. First,
the early latent stage starts when the secondary lesions disappear. This early latent stage continues for
4 years. The late latent stage starts at the 4-year mark after the latent stage first began. The patient
may live with the late latent stage and remain asymptomatic for life or this late latent stage will last
until the late stage of syphilis begins.

Late

The late stage of syphilis is considered the destructive stage of the disease. It is noninfectious and can
involve any organ or tissue in the body. It has been called the great imitator since it can produce signs
of almost any other disease; however, it usually involves the cardiovascular and central nervous
systems (CNS). The late stage in the CNS can be diagnosed and managed, but late cardiovascular
syphilis is usually identified too late for the survival of the patient. The late stage also can affect the
skin and bones; however, these two forms of late stage syphilis are less common.

Congenital

The term congenital is not as accurate as prenatal in describing the transfer of the disease to the fetus.
The spirochete usually crosses the placenta between the 16th and 18th week of pregnancy. Prior to
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this period, the cell layer of the placenta acts as a barrier to the spirochetes. This layer breaks down
after the 18th week, allowing the bacteria to infect the fetus.

Congenital syphilis is divided into two basic stages, early and late congenital syphilis. There is no
primary stage since the bacteria are transferred directly into the bloodstream of the fetus. The early
congenital stage produces signs and symptoms before the child is two years old. If the symptoms
appear within the first few weeks of life, a poor prognosis usually results. The signs include
cutaneous lesions, mucous membrane lesions, poor development of the long bones, anemia, and an
enlarged liver or spleen. Almost 50 percent of the patients have CNS problems related to the disease.

The late stage is defined as congenital symptoms persisting beyond two years of age. This stage is not
infectious and can be similar to latent syphilis in adults; however, there are symptoms that might
appear. These symptoms include dulling of the cornea, maldevelopment of the first molar teeth,
eighth nerve deafness, neurosyphilis, and bone development problems such as saddle nose
configuration or a poorly developed hard palate. Other signs include cracks or fissures around the
mouth, cardiovascular lesions, and painless swelling of the joints. These signs may develop before
puberty or as late as middle age.

Communicable disease reporting

You have learned about many diseases in this volume. Atthis point, you may be asking yourself,
what good is this information and how will this help me in my job? One of the foundations of your
job is prevention. As an aerospace medical service journeyman, you must know the specifics about a
disease before you can educate people on preventing the disease. Additionally, you must know the
procedures for reporting diseases and the agencies responsible for disseminating this information. The
following will help you become familiar with the reporting process, the organizations to which you
will report, and other actions necessary to prevent the spread of communicable diseases.

Disease reporting

As part of an active communicable disease surveillance system, many diseases must be reported
immediately. In some cases, even a suspected diagnosis should be reported as soon as possible to
avoid delays in epidemiologic follow-up, while waiting for laboratory confirmation. Examples of
diseases requiring rapid case reporting are those which are universally required by International
Health Regulations such as: cholera, yellow fever, plague, measles, and meningitis. Report any
increase of communicable disease incidence in your local community to the Public Health (PH) office
to identify the disease and alert them of any increase at your military treatment facility (MTF). PH
reports the disease rates in the local area to the medical staff. This helps the health care providers look
at the local picture of disease problems. You also have a part in making the “big picture” for the Air
Force by reporting disease incidences to higher headquarters.

Action by health care providers

Upon identification of a suspected or confirmed diagnosis of any communicable disease condition,

the health care provider will report the case to PH immediately. The health care provider or technician
will notify the MTF PH office by phone or locally derived form. Itis best to make the notification
while the patient is still in your clinic in case there are any questions that need to be answered
immediately or the PH office is available to see your patient at that time. Some MTFs may have a
locally devised form for notification of communicable diseases, so ensure you check your facility.

United States Air Force reportable diseases

The PH office is responsible for identifying and preparing a list of diseases that must be reported
under federal, state, and local laws. AFI 48-105, Surveillance, Prevention, and Control of Diseases
and Conditions of Public Health or Military Significance lists the communicable diseases that the
USAF MTFs must report to higher headquarters. It also discusses other diseases that require reporting
such as sexually transmitted diseases.
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Reporting procedures

PH is responsible for making communicable disease reports to civilian agencies. Anytime these
reports may adversely impact security or security regulations, the civilian authorities are bypassed
and the report is sent to the next higher Air Force headquarters for action.

Self-Test Questions

After you complete these questions, you may check your answers at the end of the unit.

001. General patient care skills
1. What are some of the general patient skills 4NOs perform?

2. Whatkind of information and assistance does the CDC provide military hospitals?

3. Usually, what are the qualifications of an infection control officer?

002. Understanding infectious agents
1. What are two ways that a causative agent may cause disease?

2. Where do normal flora originate?

3. What type of relationship develops whena host is exposed repeatedly to a pathogen but is never
successfulin eliminating it?

4. How do carriers differ from individuals who actually develop an infectious disease?

5. What type of pathogen uses parts of the host’s tissues as nutrients?

6. Whatis the average rate of reproduction for bacterial cells?

7. What physical characteristics of bacteria are used to determine their classification?

8. What are the three basic bacterial shapes?
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9. What type of organism causes Rocky Mountain spotted fever?

10. List three useful functions of fungi.

11. What unique quality does the cell wall of the protozoa possess, and what does it allow the cell to
do?

12. What enables the amoebae to propel itself and ingest food particles?

13. What is the smallest known microorganism?

14. In what stage do helminthes normally enter the human host?

003. The infectious process
1. List the components of the chain of infection.

2. What are the normal exit portals for infectious agents?

3. Describe indirect contact.

4. Describe droplet transmission.

5. What are the stages of an infectious disease?

6. How much can the prodromal period vary for different diseases?

7. Whatis the body’s best natural barrier to infection?
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8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

How do mucous membranes defend against infection?

How do tears defend against infection?

What role does the lymphatic system play in the body’s disease defense system?

What are antibodies?

What s a regional infection?

What are the two recommended tiers of isolation precautions developed by the CDC?

Why were standard precautions developed?

When is it important to use masks, goggles, or face shields?

What are the three types of transmission-based precautions?

Describe how to reduce the risk of spreading infectious agents by the “airborne” route.

If droplet precautions are in effect, when should you wear a mask?

Describe the primary purpose of having housekeeping duties?
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004. Description of common communicable diseases
1. Define hepatitis.

2. Whatis meningitis, and what is the most serious type?

3. What is the most common type of meningitis?

4. Briefly describe the AIDS disease and the virus known to cause fit.

5. What is the most common/serious complication of gonorrheal infections in women?

6. List the five stages of syphilis.

7. How does a physician notify the PH office of a reportable disease?

8. What directive discusses how reportable disease lists must be updated?

9. Who ensures civilian agencies are notified of reportable diseases?

1-2. Aseptic Practices

In the previous section, you read about the infectious process and the different organisms that cause
infection. That information should help you understand why infection control is necessary. The next
logical step is to discuss how infection control measures are implemented. First, you will learn about
the principles of asepsis, and then you cover an in-depth review of medical aseptic and surgical
aseptic techniques.

005. Principles of asepsis

At this point in your training, you should understand the importance of infection control. While at
work you probably don’t consciously think about the fact that every time you wash your hands you
are stopping the spread of infection, but you are! Y ou may remember your instructor saying, “Wash
your hands, wash your hands!” Whatever reminds you to wash your hands is not important; doing it is
most important. Before you learn about the two methods of reducing or eliminating microorganisms
(medical and surgical asepsis), let’s review exactly what the term “asepsis” means.
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Asepsis is defined as the state of being free of pathogenic microorganisms. Simply stated, it means
freedom from infection. If you remember these three points, you should be able to understand the
principles of asepsis.

1. Asepsisis the absence of all microorganisms.
2. Asepsis canonly be achieved on inanimate objects, not on people.

3. Limiting the spread of microorganisms breaks the infection chain and results in the eventual
destruction of the microorganism.

Aseptic techniques

Based on these three points, you can break down asepsis into two levels or different types— medical
asepsis and surgical asepsis. Let’s take a closer look at these types of aseptic techniques.

Medical asepsis

This term refers to practices designed to reduce the number and prevent the spread of
microorganisms. Another term often used is clean technique. Common sense aseptic practices, such
as maintaining good personal hygiene and handwashing, are so simple many people, including
medical personnel, frequently overlook them. In fact, handwashing is considered by many medical
authorities to be the single most effective means of preventing the spread of infection. Hands are one
of the most useful tools medical personnel have. Unfortunately, they are also one of the most frequent
sources of contamination in the hospital or clinic. Much of that contamination is linked to poor
handwashing techniques. To help decrease this possibility, you must take care to wash your hands
before and after giving care to any patient.

Standard precautions also aid in reducing the number of organisms by interrupting the chain of
infection at the transmission link. Standard precautions have been developed by the CDC to facilitate
breaking the chain of infection. These precautions protect both the patient and yourself by using
barriers as necessary for all patients. The barriers of standard precautions start with hand washing
along with all elements personal protective equipment (PPE) or BSI. PPE or BSI includes gloves,
gowns, masks, protective eyewear, and both shoe and hair coverings.

Pathogens can be killed or inactivated by disinfecting reusable equipment. The disinfection of
equipment is completed after all visibly soiled items have been cleansed using proper local protocol.
All items must be rinsed thoroughly after cleaning before disinfection because soap may react with
the disinfectant, preventing its killing properties from working. Disinfectants are solutions containing
chemical compounds such as phenol, alcohol, or chlorine that kill or inactivate the microorganisms
present. Disinfectants have bactericidal or bacteriostatic properties. A bactericidal solution destroys
bacteria; a bacteriostatic solution prevents the growth or reproduction of some bacteria.

Since disinfectants do not kill or prevent all pathogens, you must use surgical asepsis to kill all
current pathogens and inhibit the growth of new microorganisms from growing.

Surgical asepsis

Surgical asepsis refers to practices designed to eliminate all microorganisms. When all
microorganisms have been destroyed, an object is called sterile. Another term for surgical asepsis is
sterile technique. Surgical aseptic techniques ensure every object, whether directly or indirectly
coming in contact with skin tissues or wounds, or entering a body cavity, is completely free of all
microorganisms.

Under these conditions, all articles must be sterile, and the following rules apply:

1. Anarticle is either sterile or not sterile. There is no in-between. If any doubt exists about the
sterility of an item, consider it not sterile.

2. Cover sterile items with a sterile covering until they are ready for use.
3. Touch only the outside of a wrapper or cover when you open a sterile package or container.
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4. Handle a sterile article only with a sterile instrument or while wearing sterile gloves.
5. When you remove an article from a sterile container, do not return it to that container.

There are a number of terms related to aseptic techniques. Contamination is the exposure of a sterile
item (surgical asepsis) to a microorganism or the exposure of a “clean” item (medical asepsis) to an
infectious agent. Cleaning is the physical removal of organic material or soil from objects and is
usually done using water with or without detergents. Cleaning can be applied to either surgical or
medical asepsis. Sterilization is designed to destroy or remove all forms of microbiological life and
applies to surgical asepsis only. Disinfecting describes measures somewhere between cleaning and
sterilization. These measures are designed to destroy pathogenic organisms, but usually do not affect
spores. However, if disinfectant procedures are carried out for a sufficient length of time, spores will
eventually be destroyed as well. Because disinfecting contributes to elimination of pathogens and can
result in eventual sterility, it is classified with surgical asepsis. Disinfectants are substances used to
disinfect and are usually used on inanimate objects. Antiseptics are substances that inhibit the growth
and development of microorganisms on living tissue, but do not necessarily kill them; therefore, they
canonly be associated with medical asepsis. Actions to perform cleaning, sterilizing and disinfecting
will be discussed in more detail later in this volume.

Medical and Surgical Aseptic Techniques
Medical Surgical

Indicated: In presence of communicable disease. Indicated: In presence of openwound, or when

Emphasis: On cleanliness. entering body tissue or cavities.

Purpose: To confine disease orinfection to the patient; to | Emphasis: On sterility.

protect other patients and workers from additional Purpose: To protect patients with open wounds
disease; to maintain cleanliness. from possible disease of workers or other

patients;to maintain sterility.

Isolation

Patients with a communicable disease are separated from | Patients are operated on in a separate
the restof the hospital byroom, ward, or unit. A zone departmentawayfrom the restof the hospital. A
aboutthe area is established as contaminated. Once an zone about the site of operation or wound is
article touches a contaminated surface, itis contaminated. | established as a sterile field. Once a sterile
Nothing goes outof the zone withoutbeing sterilized, objecttouches something nonsterile, itloses its
disinfected, orwrapped in a clean cover. sterility. Only sterile articles are broughtinto the

sterile field.

Masks

Masks protect workers from inhaling disease organisms Masks protect an open wound and patientfrom
from patients. Masks also protectthe patientfrom workers | disease organisms exhaled by workers. They
who have anillness such as acold. also protectworkers from inhaling disease
organisms ofa patient.

Hand Washing

A worker’s hands and forearms are washed to protect A worker’'s hands and forearms are scrubbed to
other patients, other workers, and selffrom any disease. prevent infecting the patient. Plenty of soap,
Plenty of soap, water, and friction are used, rubbing well water, and friction are used, rubbing well
between fingers and around nails.Hands and arms are between fingers and around nails. Abrush may
dried with papertowels. be used.Hands are held undertap to allow

water to drain off elbows.Hands are dried with a

sterile towel.

Gowns

Clean gowns are worn to protect the worker from a In surgery, sterile gowns are worn to protect the
patient's disease. The inside ofthe gown is kept clean; patientfrom infection possiblycarried by the
the outside is in contact with the patientand is therefore worker. The outside ofthe gown is in contact
contaminated. The gown is worn when caring for one with the sterile field; therefore, it mustbe kept
patientor a group of patients with the same disease. sterile. Each gown is worn for only one

operation.

Caps

Caps areworn to protect workers from disease-laden or Caps arewornto protect the patientfrom
airborne organisms. possible infection carried byworkers.
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Medical and Surgical Aseptic Techniques

Medical

Surgical

Gloves

Gloves can be sterile ornonsterile. They are worn to
protect workers when handling articles carrying infectious
material.

Gloves are sterile and worn to protect a wound
from organisms since hands cannotbe sterilized.
Gloves are in contact with a sterile field;
therefore, they mustbe kept sterile.

Linen

Requires special handling to protectward and laundry
workers.Placed inside a clean bag or containertagged
“contaminated” and taken to the laundry facility.

Surgery has its own linen supply. After
laundering, itis packed, sterilized, and kept
sterile untilitis used.

These types of aseptic techniques follow closely related concepts, but there are some distinct
differences as well. By carefully studying the table, Medical and Surgical Aseptic Techniques, the
similarities and differences in these concepts will become very apparent to you.

006. Isolation techniques

Now that you have learned about the importance of aseptic techniques, isolation techniques will be
the next area covered. An isolation technique is a medical aseptic practice, which inhibits the spread
and transfer of pathogenic organisms by limiting the contacts of the patient and creating some kind of

physical barrier between the patient and others.

Isolation precautions

Isolation precautions are designed to prevent the spread of microorganisms among patients,
personnel, and visitors. As shown in figure 1-8, isolation precautions break the chain of infection by
placing transmission barriers between susceptible individuals and sources of contamination. In most
cases, the patient is the source of contamination and the barriers are used to protect everyone else.
Such patients are isolated because they have an extremely contagious (easily spread) disease. Other
patients are isolated because they are highly susceptible to infection. These patients have a lowered
level of resistance because of an injury (i.e., burn), genetic defect, disease or medication treatments.
For these patients, isolation means the barriers are protecting them from the outside world. This is

referred to as “reverse isolation.”
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Figure 1-8. Transmission barriers.

Isolation has no effect unless all precautions are followed scrupulously by patients, visitors, and
personnel. These precautions are frequently time consuming, inconvenient, and expensive. Also, the
concept of “clean” versus “dirty” is difficult for some people to understand, since there is usually no
visible evidence of contamination. Some people refuse to believe they can be contaminated, so they
ignore the precautions. Others do not understand what they are supposed to do and become
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contaminated without knowing it. This is typical of visitors who do not stop at the nurses’ station,
listen to the nurse or follow posted instructions before visiting a patient. Also, individuals who are
illiterate or do not read English can become infected due to their inability to understand the caution
signs posted on isolation room doors.

Patients and visitors are not the only people who have trouble following isolation precautions. Often,
medical personnel contaminate themselves because they get in a hurry and try to take shortcuts.
Either they do not understand how to follow the precautions, or they think the precautions really do
not apply to them.

Isolation fundamentals

The fundamentals of isolation are the techniques and physical barriers that block disease
transmission. The way the different techniques are used remains constant, but the need for the
different techniques varies with each type of infection.

Techniques

The techniques used include cohorting, bagging, cleaning, patient transportation, specimen
transportation, handling contaminated items, and handling postmortem bodies. Let’s take a closer
look at each of these now.

Roommates for isolation patients (cohorting)

It is not always possible to place contaminated patients in separate rooms. Often, there are not enough
rooms available to support individual cases, noris it always necessary. The best solution is to place
one infected patient in a room with another patient who has the same disorder. Also remember that
the patients will normally need to be of the same gender. The term for placing patients together in the
same living space is called cohorting. Inrare circumstances, you may also place infected and
noninfected patients together. However, both patients must be cooperative, understand the infectious
process, and be taught how to use the isolation techniques. There should also be limited opportunity
for the patients to share personal items or contaminate each other with secretions and excretions. This
obviously would not work well for young, ambulatory pediatric patients.

Bagging procedures

Used articles may need to be enclosed in a bag before they are removed from an isolation unit. Since
these articles are probably contaminated, they are bagged or placed in a container to prevent
contamination of the general environment and other people. If
there is no possibility anitem is contaminated, it may be removed
without bagging. A single bag is adequate if the bag is sturdy and
the article can be placed in the bag without contaminating the
outside of the bag. If there is any doubt, the article should be
double bagged. In any case, the bag should be sealed, labeled
appropriately, and disposed of promptly.

Il 'SOLATION

You learned the double-bagging technique in tech school, but let’s
refresh your memory. This procedure requires two technicians—
one inside the isolation unit and one outside. The technician in the
unit places contaminated items in a bag and seals it tightly. The
techinican inside the room then takes the bag to the door where
another technician is standing outside the room. The technician
outside should be holding another impervious bag open with their
hands under a cuff made by rolling back the top of the bag

(fig. 1-9). The technician inside the isolation room then places the
bag containing contaminated items into the other bag, being

Figure 1-9.
Double bagging technique.
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careful not to touch the outside. The technician on the outside of the room seals and labels the bag
and disposes of it promptly.

Cleaning

Unfortunately, you cannot always rely on the availability of housekeeping personnel to clean and
maintain the isolation units. If they are not there, guess who gets to do it? Right! You do! Cleaning
may be either routine or terminal. Routine cleaning is done every day. Itis usually performed the
same as in other areas of the hospital (wiping up spills, damp mopping floors, vacuuming carpets,
etc.). If the patient’s disease is such that he or she requires a private room, cleaning equipment should
be conducted using an approved disinfectant before going to another room (discard water; launder
and dry mop heads and cloths; disinfect buckets; etc.). If the cleaning cloths and mop heads are
grossly contaminated, bag and label them appropriately before sending them to be laundered.

Terminal cleaning

This type of cleaning is directed primarily toward objects the patient has actually beenin contact with
(e.g., the patient is unlikely to come in contact with the ceiling so you do not have to worry much
about cleaning it). Prepare fresh disinfectant or detergent solution for terminal cleaning. The solution
you use is selected by your local infection control committee according to Environmental Protection
Agency (EPA) standards. Use the same protective precautions (gowns, mask, gloves, etc.) used when
the patient was in the room. Clean (as necessary), bag, and label any reusable items (bedpans,
instruments, etc.), and send them to central supply (CS) for disinfection and processing. Discard
disposable items. If these items are contaminated, bag, label, and dispose of them according to your
infection control committee’s guidelines. Clean any equipment that was not sentto CS or discarded
with the appropriate disinfectant-detergent solution. This would include all horizontal surfaces of
furniture, mattress covers, and floors. Wash walls, blinds, and curtains only if they are visibly
contaminated. (NOTE: Do not worry about using disinfectant fogging or airing the room; the former
is ineffective and the latter is unnecessary.) Once all the surfaces have dried, you can resupply and
use the room.

Transporting contaminated patients, specimens, or other items

Before transporting infectious patients, give them protective barriers (gown, mask, and gloves) to
wear. Call the department before transporting the patient, so they can take the necessary precautions
to protect themselves from contamination. If you are transporting specimens or other articles, place
them in a well-constructed container with a tightly fitting lid (if applicable). Then place the container
in a sturdy plastic bag (impervious to water) and label it appropriately. (Some specimens will not
need to be bagged. Follow local guidelines.)

Postmortem handling of bodies

Generally speaking, use the same precautions you would use if the patient were alive (masks are
probably not necessary), and show the same respect. Follow your infection control committee’s
guidelines for labeling and wrapping the body.

Physical barriers
The physical barriers of isolation fundamentals include the unit itself, masks, gowns, gloves,
equipment, linen, trays, and the patient’s personal belongings. Let’s look at each one.

Patient unit

The most effective type of isolation unit is a private room. Here, the patient is physically separated
from other patients, and personnel are more apt to remember to wash their hands, etc., before going
on to the other patients. A private room is not a requirement, but should be used for patients who are
affected by highly infectious or virulent disorders. It should also be used for patients who have poor
hygiene habits and will likely contaminate the environment, or who share contaminated items (e.g.,
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pediatric or confused patients). In addition, patients who have clinically significant microorganisms
(resistant bacteria) or infectious blood disorders will be placed in a private room.

Private rooms (fig. 1-10) should be equipped with hand washing, toilet, and bathing facilities. An
anteroom (waiting room) is useful for storage and creating a space barrier to prevent airborne
transmission, but is not essential. The room should also have a trash container lined with an
impervious bag and a linen hamper. In some instances (e.g., patients with infectious airborne
pathogens), a room with negative pressure ventilation is recommended. This ventilation creates a
pressure difference between the room and the outside so that air is drawn into the room rather than
expelled when the door is opened. This system should provide at least six air changes per hour and
should be discharged outdoors.

As an alternative to an anteroom, you can

( N ) place an isolation cart just outside the door
to the isolation unit. This cart should have
. = —— = all the supplies (barriers) that are needed for
;@J Dirty-linen hamper isolation precautions. You should restock
(Uied ‘wh :5%0) the cart as needed and keep it outside the
- room. As a final note, there should be a sign
on the door specifying the type of isolation
T : and precautions to take.
{r'.'"e"’ “L*;r;) Masks
Masks are used to prevent transmission of
Sink (}'}'nﬂ:;ezjgfe;lmc begi airborne infectious agents. They protect the
) \@ wearer from inhaling large particle aerosols
. 2y - (droplets) that are transmitted by close
contact (with infected patients), and
— gl tectetion sian on deor generall3(/ travel only sﬁort dist?amces (3 feet).
ﬁ:);k? Hall They also protect against small particle
] Plastic bags ) aerosols (droplet nuclei) that remain
e - suspended in air and travel longer distances.

Masks might also prevent transmission of
some infections that are spread by direct
contact with mucous membranes, because
masks may discourage personnel from touching the mucous membranes of their eyes, nose, and
mouth. The high-efficiency disposable masks are more effective than cotton gauze or paper tissue
masks. Place the mask on before entering the room and remove it before exiting. 1f the infection is
transmitted by large-particle aerosols, you need a mask only if you are working close to the patient. If
the infection is transmitted over longer distances, you should wear a mask when you enter the room
for any reason. See figure 1-11.

Figure 1-10. Private isolation room.

Figure 1-11. Applying a mask.
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Gowns

Gowns are used to prevent contamination of your uniform when caring for patients and to protect
your skin from blood and body fluid exposures. You will most likely need a gown if you are going to
have extensive contact with the patient, or if the patient’s disorder could cause an outbreak in the
hospital. When gowns are worn to prevent the spread of infection they are worn only once and
discarded before leaving the unit. See figure 1-12.

Figure 1-12. Applying agown.

Gloves

Gloves are worn: (1) to provide a protective barrier and prevent gross contamination of the hands
when touching blood, body fluids, secretions, excretions, mucous membranes, and non intact skin; (2)
to reduce the likelihood that microorganisms present on the hands will be transmitted to patients
during invasive or other patient care procedures that involve touching a patient’s mucous membranes
and non intact skin; and (3) to reduce the likelihood that hands contaminated with microorganisms
from a patient or fomites can transmit these organisms to another patient.

When working with a patient in isolation, the gloves you wear may be either sterile or nonsterile,
depending on the type of isolation or the procedure being done. If you are doing a sterile procedure or
working with an immunosuppressed patient, for example, you should wear sterile gloves. For routine
care, you can wear nonsterile gloves. Gloves, however, do not eliminate the need for handwashing!
You will still accumulate microorganisms beneath the gloves, and there is always a possibility that
the gloves could be torn or punctured.
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Eye protection and face shields

Wearing goggles or face shields in certain circumstances is mandated by the Occupational Safety and
Health Administration (OSHA) to prevent the transmission of bloodborne pathogens. The purpose of
wearing such protective equipment is to protect your eyes and the mucous membranes of your mouth
when the possibility of splattering or splashing of blood or body fluids is possible. See figure 1-13.

Equipment

If disposable equipment becomes

contaminated, it should be bagged, labeled, AT
and disposed of according to local policy. a ;p'g )
When nondisposable equipment becomes

contaminated, it should be cleaned,

bagged, and sentto CS for disinfection and (& R} \
processing. No special precautions are ~ ()

needed for sphygmomanometers and
stethoscopes, unless they become
contaminated. If so, they are dealt with in

the same manner as other contaminated %’ /// % \ \
equipment. All equipment should be wiped L_, [,‘
down with an approved disinfectant. _\l
Th_ermometers should be_ sterlllzed_ before Figure 1-13. Eye and mucous membrane protection.
being reused. Take special care with

needles, syringes, scalpel blades, and other items that may be contaminated with the patient’s blood.
Place suchitems in anappropriate biohazard storage device. This device should be maintained in the
isolation unit. When it is full or when the patient leaves, the device should be bagged, labeled, and
disposed of according to infection control and EPA guidelines.

Food trays

There are no special precautions needed for dishes, glasses, cups, or eating utensils. Your facility will
use either disposable or reusable dishes for patients in isolation. The CDC has determined the use of
hot water and detergents in hospital dishwashers is sufficient to decontaminate the reusable tray
items.

Linen

You should handle linen carefully, and as little as possible, to avoid contamination. Do not shake
linen out to unfold it or drop it on the floor when you are changing the bed. Most linen used in
isolation rooms are contaminated with pathogenic microorganisms, but the risk of transmission is
insignificant if it is handled, transported, and laundered in a manner that avoids transfer of
microorganisms. All handling of linen, whether or not it is isolation linen, is determined by local

policy.

Patients’ belongings

Patients often bring several personal items with them when they come into the hospital. There is
nothing wrong with this in most instances, because these items improve a patient’s morale. However,
isolation patients must be advised any item in the room that becomes contaminated must be
disinfected or destroyed. This can create problems, particularly when personally significant items
cannot withstand the disinfection process. To avoid having to destroy such items, explain the isolation
policy to the patient, family and friends and ask them to send home any valuable items that could
become contaminated.

Waste products

Waste products were mentioned earlier when you learned about terminal cleaning. However, you
should not wait for the patient to leave to take care of contaminated dressings, urine, feces, and other
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waste products. Urine and feces should be flushed, and bedpans and other containers should be
cleaned and disinfected immediately after they are used. All waste products (contaminated dressings,
disposable dishes, etc.) should be bagged, labeled, and disposed of according to local policy and EPA
standards. This should be done at least daily or more often to prevent accumulation.

Self-Test Questions

After you complete these questions, you may check your answers at the end of the unit.

005. Principles of asepsis
1. Whatdoes the term “asepsis” mean?

2. Whatis another term used for medical asepsis?

3. Whatis another term use for surgical asepsis?

4. What procedure is designed to destroy pathogens but usually does not affect spores?

5. What s the difference between disinfectants and antiseptics?

006. Isolation techniques
1. Whatis the purpose of isolation precautions?

2. What are three reasons nonmedical individuals contaminate themselves when attempting to deal
with isolation?

3. Why do medical staff members violate isolation principles?

4. Under what conditions cana roommate be placed with anisolation patient?

5. Why are contaminated articles bagged before they are taken out of the isolation unit?

6. Define routine and terminal cleaning.
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10.

11.

12.

13.

14.

15.

What additional precautions should be taken with cleaning equipment if the patient’s condition
requires a private room?

How is the solution that is used for terminal cleaning selected?

What should infectious patients wear when they are being transported through the hospital?

Why is a private room the most effective type of isolation unit?

How do masks protect the wearer?

When should you put on and take off a mask?

For what reasons are gloves worn?

What should you do with disposable equipment when it becomes contaminated?

What should you do with an isolation patient’s food tray?

1-3. Principles of sterilization

Effective sterilization and disinfection of patient care items are the “master links” in the chain of
infection control activities performed in a medical facility. 1t makes no sense to provide care or
operate on a patient to correct a problem if the environment and items you use to do so are crawling
with pathogens that will result in an infection—which, in turn, will cause greater problems. As a
medical technician, you need to be familiar with the principles and methods of sterilization and
disinfection to ensure your patients (and co-workers) remain free from infection.

007. Disinfection and sterilization procedures
Before you attempt to disinfect or sterilize any object, you should know:

e \What eachterm means.

¢ Which items we disinfect.

e Which items we sterilize.

e Why we sterilize or disinfect these items.
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You should also be familiar with the processes or methods we routinely use to achieve these
conditions.

Sterilization
The absolute definition of sterilization is:

A processthat destroys all living microorganisms, including bacterial spores and
viruses.

This state of total destruction is technically impossible to scientifically measure; it is impractical to
test each and every item after sterilization because the testing would render it nonsterile for patient
use. The more technically correct definition is:

A processthat provides the highest level of assurance that an item can be expected to
be free of viable microorganisms.

However, the goal is to completely destroy all microbial life that may be on equipment or supplies
used for specific procedures. So for practical purposes, the absolute definition is acceptable. When an
item is “considered sterile,” it is an absolute term—an item is either sterile or not sterile—there is no
such condition as “partially sterile” or “almost sterile.”

For an item to be considered sterile, the process used must be capable of achieving this (theoretical)
total destruction. The items exposed to a sterilization process are considered sterile if all mechanical
parameters are met and all external and internal sterilization cycle indicators are acceptable. We will
discuss these parameters and indicators in greater detail later in this unit.

Deep tissues, body cavities, and intravascular areas are considered sterile. This is because they
usually only contain resident bacteria that are common to that patient and as such will not normally
cause an infection. Surgical procedures involving these areas are considered invasive procedures.
Because these areas are sterile, any surgical instrument or supply that comes in contact with these
areas should also be sterile.

Sterilization is the elimination of all microorganisms from an object. Sterilization procedures include
cleaning, disinfecting, wrapping, and sterilizing. As stated before, you should use the most current
guidelines from the Centers for Disease Control (CDC), the Environmental Protection Agency (EPA)
and locally developed guidance and policy in your daily duties. Although, sterilization procedures are
primarily the responsibility of the central sterile supply (CSS) personnel (normally 4N1X1s), you
may staff the CSS in some hospitals and clinics, or you may perform some steps of the sterilization
process in others.

Disinfection

Disinfection is the destruction of microorganisms by pasteurization (exposure to boiling water),
exposure to chemical germicides, or ultraviolet irradiation. In terms of antimicrobial action,
disinfection falls somewhere between cleaning and full sterilization. Although it kills most
microorganisms, disinfection does not affect spores; thus, it cannot be considered true sterilization.

There are three levels of disinfection—high, intermediate, and low. High-level disinfection destroys
bacteria, viruses, and fungi, but does not affect bacterial spores. This level is satisfactory for semi
critical items when sterilization is not feasible. Intermediate-level disinfection destroys fungi, almost
all active bacteria, and some viruses, but does not affect spores or resistant forms of bacteria and
viruses. It can be used for non critical items (laundry, stethoscopes, etc.), or for general cleaning
purposes. Low-level disinfection destroys fungi, some forms of active bacteria, and a few viruses, but
does not affect spores or other forms of bacteria and viruses. Low-level disinfection is useful for
general cleaning purposes. The level of disinfection achieved depends on the length of exposure,
temperature, type and concentration of chemical disinfectant, and resistance of the microorganism.
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Pasteurization

Pasteurization is an intermediate- to high-level nontoxic disinfection process that can be used for
items such as inhalation therapy tubing. Usually, it is done by placing small items in boiling water for
a specified period. Pasteurization is effective against fungi and some forms of bacteria, but has no
effect on spores and is of limited use against viruses.

Chemical disinfection

Sterilization is the method of choice for all surgical supplies, equipment, and instruments because it
destroys all pathogens—and all other living organisms as well. In an ideal world, everything in the
medical facility would be sterile; if all organisms were destroyed, infection would be impossible. In
reality, many items or surfaces can not be sterilized. In some cases, it is simply not practical and, in
other cases, sterilization damages or destroys the item. To render items and surfaces that cannot be
sterilized as biologically safe as possible, medical personnel use a process known as disinfection.

Like most areas of infection control, certain principles apply to disinfection. These principles are
generally outlined as guidelines and are based on numerous factors that influence the disinfection
process.

There is a wide variety of chemical disinfectants under an even wider variety of brand names. These
disinfectants include alcohol, chlorine compounds, iodophors (iodine), glutaraldehyde 2 percent
(Cidex), phenols (LpH, Vesphene), quaternary ammonium compounds (Zephiran), and others. The
EPA classifies these solutions as sporicides, general disinfectants, hospital disinfectants, sanitizers,
and others. They are classified according to the types of microorganisms they destroy. Disinfectants
that are classified as “sporicides™ are considered sterilants if the contact times are long enough to
destroy all forms of microbial life. They are considered high-level disinfectants if contact times are
shorter. Sanitizers usually fall into the category of low-level disinfectants. Other disinfectant solutions
are classified as either low- or intermediate-level disinfectants, depending on the specific
microorganisms they claim to destroy.

Many of these chemical solutions are caustic. Wear gloves to protect your skin when working with
these chemicals. In some cases, you also need to rinse disinfected objects in sterile water to remove
toxic or irritating residues. All disinfected items should be allowed to air dry thoroughly, and then
they should be stored in a manner to prevent recontamination. Your infection control committee
specifies both the type and use for disinfectants.

Basic rules of chemical disinfection
Certain variables must be considered for all procedures of chemical disinfection, they include:
1. The number and types of microorganisms (particularly their resistance) determine the
effectiveness of a chemical agent. As a rule, the greater the number and the more resistant the
type of microbes, the less effective the disinfecting agent is.

2. Disinfectants vary in their level of effectiveness according to the makeup, or concentration of,
the chemical agent and the manner in which it is used. If the concentration is diluted, the
effectiveness decreases; an agent that is wiped-on and allowed to dry is not as effective as the
agentwould be if the item were completely immersed for an extended period. In addition:

e The solution must be of sufficient strength to be lethal to the microorganisms for which it
is intended.

e The disinfectant must contact the entire surface of the item.
e The exposure period must be accurately timed and consistent for bactericidal effect.
e The disinfectant must be economical and safe for patients and personnel.
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Commonly used disinfecting agents
To help you select the most appropriate disinfectant, several of the most commonly used disinfecting

agents are described below. Although there are many chemical agents used as hospital disinfectants,
the ones discussed below are the most common.

Alcohol

Alcohol—either ethyl or isopropyl—is useful as a disinfectant in concentrations of 70 to 95 percent.
Alcohol kills vegetative bacteria, pseudomonas, and fungi after about 10 minutes of exposure. It kills
tubercle bacillus and most viruses after about 15 minutes. Alcohol is classified as an intermediate-
level disinfectant, and may be used to disinfect semi-critical items. Alcohol is also sometimes used as
an antiseptic.

Advantages of alcohol are related to its fairly rapid action and fast evaporation times. It is relatively
nontoxic, easy to use, and inexpensive. Because alcohol evaporates quickly and leaves no residue, it
is commonly used to damp-dust environmental surfaces. When used in this way, it should be allowed
to evaporate or “air dry” for best effectiveness.

Disadvantages of alcohol are related to its effects on people and items; it is also flammable. Alcohol
is irritating to open wounds and skin lesions, and prolonged use dries the skin; wear gloves and eye
protection when using it. Alcohol is corrosive to some metals and other materials. Frequent or long
exposure hardens and swells some plastics. Do not use alcohol on lensed instruments because it
dissolves the cement holding the lens in place. Alcohol is volatile; it is highly flammable and it loses
its germicidal capability as it evaporates and its concentration drops below 50 percent. Alcohol is also
inactivated by organic material, and it will not penetrate many oils. Its effectiveness against the HBV
virus is sporadic, soit should not be used if this virus is known to be present.

lodophors

lodophors are solutions containing a mixture of iodine and detergent. Depending on the concentration
of the solution, iodophors kill vegetative bacteria and pseudomonas after 10 to 20 minutes exposure,
and are tuberculocidal and virucidal after 20 minutes at high concentrations (450 parts per million
[ppm] iodine). lodophors are classified as low- to intermediate-level disinfectants, again depending
on the concentration of iodine. lodophors are most frequently used as antiseptics.

Advantages of iodophors are related to their low toxicity and broad-spectrum effectiveness. By
mixing the iodine with a detergent, the solution is rendered nontoxic, non-staining, and non-irritating
unless the individual exposed to it is allergic to iodine. The detergent also increases the biocidal
activity of the iodine. lodophors dry more slowly than alcohol, so the exposure time; thereby the
effectiveness, is also increased. lodophors are useful for housekeeping activities, such as cleaning
floors, walls, and furniture, because they clean as well as disinfect the surfaces.

One of the major drawbacks of iodophors is the iodine stains porous surfaces such as linens and
certain plastics. This staining is reduced, or is temporary, by the added detergent, but is still a problem
on some items. lodophors also corrode some metals. Some iodophors are rendered ineffective by
organic soil, hard water, or heat. Another disadvantage is that although frequently used as a skin
antiseptic, iodophors cause chemical burns if allowed to remain in contact with the skin for prolonged
periods. Some people are allergic to iodine or iodine-containing compounds and have severe allergic
reactions from even slight exposure to the chemical.

Chlorine compounds

Sodium hypochlorite, more commonly known as household bleach, is an effective low-level
disinfectant in concentrations from 1-5 percent. Itis mainly used as a sanitizing agent for spot
cleaning floors and furniture. Chlorine in high concentrations can be bactericidal, fungicidal,
tuberculocidal, and virucidal to many viruses, including HIV and HBV. One chlorine compound
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(sodiumdichloroisocyanurate) has a lowered pH to increase its microbial effectiveness. Chlorine
compounds act rapidly, leave no residue, are easy to use, and are inexpensive.

Disadvantages are numerous. Chlorine compounds usually have an objectionable odor, are very toxic
to skin, eyes, respiratory tract and mucous membranes, and are corrosive to many metals and plastics.
They are not used for disinfection of surgical instruments. Chlorine compounds are seldom used in
the OR or central supply.

Phenolics

Phenolics are derived from phenol (phenolic or carbolic acid), which is obtained from coal tar. Pure
phenol is extremely caustic to tissue and is rarely used. However, many of the housekeeping
detergent-germicides used today are phenol-containing compounds. In proper concentrations,
phenolics are low-level disinfectants, and are capable of killing vegetative bacteria, fungi, tubercle
bacilli, and some viruses, but not spores.

Advantages are many. Phenolics are easy to use, economical, stable, non corrosive to environmental
surfaces, and remain active after mild heating or prolonged drying. Dry surfaces previously treated
with a phenolic compound, which are moistened, again, will once again become bactericidal due to
the residue left by the agent. Because of this residual germicidal action, phenolic detergent-
germicides are widely used in the OR and central sterile supply (CSS) to clean and disinfect
environmental surfaces. They are the agents of choice when dealing with fecal contamination

(E. coli).

Disadvantages are primarily related to toxicity. Phenolic compounds are toxic and are not used on
porous materials, rubber, and some plastics. They are also highly corrosive and should not be used on
instruments. Skin and mucous membrane contact with phenolic compounds is irritating, so always
wear protective gloves and face protection when handling these agents. The capability of phenolics to
reactivate after drying, coupled with their skinfmembrane irritation properties, make phenolics
unsuitable for disinfecting instruments that will contact skin or mucous membranes, such as
anesthesia equipment. Phenolics may also have an unpleasant odor.

Formaldehydes

This agent is used in concentrated solutions of 37 percent if mixed in water (aqueous formalin), or

8 percent if mixed in 70 percent isopropyl alcohol (alcohol formalin). Formaldehyde mixtures can be
used to attain high-level disinfection of instruments. Formaldehyde is bactericidal and fungicidal after
an exposure period of 5 minutes, and is tuberculocidal and virucidal after 10 minutes (in alcohol) or
15 minutes (in water). It is sporicidal after 12 hours.

Disadvantages of formaldehyde are related to its toxicity. The solution is irritating to the skin, eyes,
and mucous membranes; gloves and face protection must be worn when using it. Instruments must be
thoroughly rinsed in sterile water after disinfection, and items that may absorb the solution should not
be disinfected in formaldehyde. The fumes are highly toxic and prolonged inhalation must be
avoided. In fact, the fumes are so toxic formaldehyde is not suitable for housekeeping use.

Ultraviolet irradiation

Ultraviolet lights produce rays that can destroy microorganisms. Unfortunately, the contact must be
direct, and few microorganisms remain in one place long enough to be affected. Ultraviolet lights
have been installed in some rooms as a method of reducing transient bacteria. Because ultraviolet
irradiation is irritating to the eyes and skin, wear protective garments such as: gown, gloves, and
protective glasses when using this process to prevent injury.

Now you know the basic principles of disinfection and are aware of the factors that influence the
effectiveness of chemical disinfection, it is time we look at how they are used. The specific procedure
for disinfecting instruments is usually listed on the bottle containing the agent. The instructions
provided by the instrument manufacturer must also be considered. Chemical agents used for
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disinfection are primarily liquids. Most disinfectants require immersion of the instrument. The basic
steps for disinfecting articles are listed in the table below.

Steps for Disinfecting Articles

Step Discussion
1 Disassemble,ifpossible, the articles to be disinfected to allow disinfectantto contact all surfaces.
2 Thoroughlyclean and dry all components ofthe articles:

e Useacleaning agentthatleaves noresidue, and pay particular attention to removal of blood
and other organic matter from instrumentsurfaces.

e Apply friction to remove soil; use brushesto clean the lumens oftubularinstruments.

e Change the cleaning solution often if several instruments are washed to prevent gross
contamination ofthe cleaning bath.

3 After cleaning, rinse the articles thoroughlywith water.
4 Allow the articles to airdry.
5 Completelysubmerge the articles in the disinfectantsolution.

e The solution mustcontactall surfaces of the instrument; therefore, all lumens need to be
flushed with the disinfectantusing a syringe (be sure to open all stopcocks and channels as
well).

e Theinstrumentmustbe dry before immersion in the disinfectantto prevent dilution of the agent,
which decreases the concentration and germicidal action.

e Coverthe containerto prevent evaporation and airborne contamination ofthe solution, as well
as to contain any vapors or fumes.

6 Expose the articles to the disinfectantfor the prescribed period oftime.
e Starttiming as soon as the articles are submerged and all surfaces are in contact with the
disinfectant.

e Refer to the disinfectant manufacturer’'sinstructions for proper exposure periods.

7 Remove the articles when the specified time has elapsed.

Rinse thoroughlywith sterile water for irrigation. This is necessaryto remove any chemical residues
that may irritate, inflame, or even burn a patient's tissues.

Always wear gloves when handling a disinfected instrument to not only prevent re-contaminating it
but also to protect yourself.

Remember, these are just basic guidelines. You must always follow local policies, procedures, and
any applicable manufacturer’s guidelines to ensure both patient and hospital personnel safety when
disinfecting patient care items.

Processing instruments and e quipment

Obviously, it is neither possible nor necessary to sterilize everything (e.g., a bed). Some items are
simply cleaned, others are cleaned and disinfected, and still others are actually exposed to some sort
of sterilization process. The level of decontamination depends on the intended use and the potential
for infection of the item.

For sterilization purposes, items used in patient care are classified as “critical,” “semicritical,” and
“non critical.” Critical items are instruments or objects introduced directly into the bloodstream, or
into other normally sterile areas of the body. Some examples include surgical instruments,
intravenous needles, catheters, biopsy needles, etc. Critical items must be sterilized prior to reuse.

Semicritical items are instruments or objects that come in contact with intact mucous membranes, but
normally do not penetrate body surfaces. Examples include fiber-optic endoscopes, endotracheal
tubes, cystoscopes, etc. Semicritical items should be sterilized, but they may be exposed to high-level
disinfection if sterilization is not feasible.
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The last category, noncritical items, includes those objects that either do not touch the patient or
touch only intact skin. Examples include stethoscopes, blood pressure cuffs, crutches, IV poles, etc.
Non critical items are either exposed to low-level disinfection or simply washed with a detergent. The
following table summarizes much of what was just mentioned. Keep it handy; it will prove to be

useful.

Classification of Items Patient use Examples
Used in Patient Care

ltems used forinvasive Surgical instruments, IV
Critical procedures (introduced into the needles, catheters, biopsy

body). needles.

Items that come into contact . .

i Fiber-optic endoscopes,

Semicritical With intact mucous membranes, endotracheal tubes

but do not penetrate body ’

cystoscopes.
surfaces.
- Items that do nottouch the Stethoscopes, blood pressure

Noncritical . . .

patient, or only touch intact skin. | cuffs, crutches, IV poles.

Cleaning

Cleaning is the physical removal of organic material (blood, feces, etc.) or soil from objects. Itis the
first step in preparing objects for sterilization. These organic substances frequently contain high levels
of microorganisms and may either inactivate chemical germicides or protect the microorganisms from
the disinfection or sterilization process. If objects are not cleaned physically, these microorganisms
will continue to grow and become a source of contamination even after the object has been
“sterilized.”

Critical and semicritical items usually are cleaned and disinfected in a specifically designated
location, which normally is the receiving/decontamination area of CSS. Your main responsibility is to
remove all visible or gross contaminants from items immediately after use. You do this by wiping
them with a wet sponge or cloth (preferably while in the room where the procedure was performed).
You then prepare the items for transport to CSS, according to local policy. According to TJIC
recommendations, after gross contaminants are removed, the items are carried, in a protective barrier,
to the dirty utility room, and dropped carefully into a bucket/container containing a locally approved
disinfectant. Of course, you must follow standard precautions anytime you are handling potentially
contaminated items.

The following information is used if you are working in the CSS and are responsible for cleaning and
sterilizing equipment. There is no one specific way to clean equipment. The method used depends on
local policy, type of object to be cleaned, and amount and type of organic material on the object.
There are a few basic suggestions or guidelines that may help you:

1. Remember cleaning will not kill most microorganisms. Treat the objects you are cleaning
and the equipment you use to clean those objects as contaminated.

2. Always wear gloves, eye protection, and adhere to locally required protection when you clean
to protect yourself from contamination.

3. Avoid splashing. The splashed water will contaminate anything it contacts.

4. Rinse objects in cold water first. Cold water loosens organic materials (blood) and makes
cleaning easier.

5. Use hot water, soap or detergent, and a scrubbing device (brush, cloth, etc.) to clean the
objects. (A little elbow grease is also helpful; the dirt is not going to just lift itself off!)

6. For manual cleaning, objects should be cleaned and rinsed while submerged to prevent
splashing.
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7. Disassemble objects whenever possible to ensure cleanliness of all surfaces, crevices, and
connection points.

8. Rinse and air-dry objects thoroughly after they are clean.

In addition to scrubbing items by hand, technicians at some facilities mechanically wash objects with
special washer-sterilizers (or washer-decontaminators) and sonic energy cleaning machines. Washer-
sterilizers work like dishwashers. The objects are placed in the machine and cleaned with
mechanically agitated water and a detergent. These machines also sterilize objects after they are
cleaned. (The temperature of the water is much hotter than that for the dishwasher!) The sonic energy
equipment cleans by passing ultrasonic waves through a fluid. This produces submicroscopic bubbles
that collapse and pull dirt from objects by suction. Sonic cleaning usually is done after physical and
mechanical cleaning, and removes any remaining particles of organic material from the object. Once
an item has been cleaned, it is either disinfected or wrapped to prepare it for sterilization. More
information on the washer-sterilizer will be covered later in this unit.

Wrapping and packaging

Wrapping or packaging is part of the preparation for the actual sterilization. Items that are going to be
sterilized are wrapped so that they remain sterile until they are used. Otherwise, these items would be
contaminated by airborne microorganisms as soon as the door to the sterilizer was opened.

Depending on the size of the item, method of sterilization, and availability of materials, items may be
packaged in paper/plastic envelopes (peel-packs), or wrapped in cloth or commercially manufactured
disposable wraps. Regardless of the type used, the wrapper must be constructed to allow the
sterilizing agent to enter and leave, without allowing microorganisms or dust particles to enter. It
must be durable enough to withstand conditions in the sterilizer and in storage, and must provide
physical protection for delicate items. The wrapper must also be flexible enough to adapt to the shape
of the object and allow the package to be opened without contaminating the contents. Finally, the
wrapper must be cost-effective.

Arranging packages

Items to be sterilized usually are arranged and packaged by CSS staff, but you must work closely with
them when designing or preparing packs specifically for your work area. When you prepare a
package to be sterilized, you must arrange the contents so the sterilizing agent can reach all the
surfaces. If you are packaging metal instruments or other impervious items, separate them with
porous material (sponge or cloth) to prevent metal-to-metal contact. Along the same line, open hinged
instruments to allow the sterilizing agent to reach all surfaces. Arrange the contents in order of use
when possible. Ifit’s a procedural pack, for example, it won’t help the user if the first instrument
needed is beneath all the others. Limit the contents of the package to what is needed for that
procedure or purpose. Remember, the package can be used only one time and on only one patient.
Therefore, don’t waste time and space adding items that won’t be used for a specific procedure.

The size and density of packages have a direct relationship to the amount of time required for
sterilization. As a rule, the larger the package, the longer it takes to sterilize. You are also limited to
the capacity of the sterilizer. Obviously, there are some exceptions (large instruments, etc.), but the
normally accepted maximum size for a package should not exceed 12 by 12 by 20 inches, and 12
pounds in weight for woven materials (16 to 17 pounds for metals).

Wrapping techniques

Once the package is arranged, it must be packaged in a paper-plastic envelope, or wrapped. As
previously mentioned, the wrapper may be cloth or a commercially manufactured disposable wrap.
Normally, the packages are double wrapped to create multiple layers of material between the contents
and the environment. The two layers are wrapped independently so they can be opened separately.
The outer layer acts as a protective barrier, and the inner layer becomes a sterile field when opened.
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The wrappers you select must be large enough to wrap completely around the contents and tuck in at
all the edges and corners.

The two basic ways to wrap packages are the diagonal method and the straight method. The diagonal
method is used for most items or materials. The steps for this method are shown in figure 1-14 and
explained in the following table.

Step Explanation

A Place two square wrappers on the worktable, with one cornertoward you. Put the item thatis to be
wrapped inthe center of the wrappers and atrightangles to a line between the corner toward you
and the corner opposite you. Fold the corner of the first wrapper that is toward you over the item
being wrapped. Fold the same corner back toward you to make a tab.

B Fold the rightcorner of the first wrapper over the item being wrapped, and make a similar tab.

C Fold the left corner of the firstwrapper over the item being wrapped, and make a similartab.

D Fold the corner of the first wrapper away from you over the item being wrapped, and make atab on
this lastfold.

E Repeatthe process with the second wrapper, butdo not put a tab on the lastfold.

F Secure the package with pressure-sensitive indicator tape.

51955148015

Figure 1-14. Wrapping technique (diagonal method).
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Usually, the straight method is used only for larger packages, such as double basin sets. Wrapping
such packages is easier if two people work together. The steps for the straight method are shown in
figure 1-15 and are explained in the following table. (NOTE: Instead of individual wrappers, sheets
are sometimes folded in half to make each double thickness wrapper. Place two sheets folded in half
on the table with one single fold toward you and one single fold away fromyou.)

Step Explanation

A Place the item to be wrapped in the center of the wrapper and square with its sides. Fold the single
folded side of the firstwrapper over the top of the item that is being wrapped, making a cuff.

B Fold the other side over the top of the item being wrapped, making a cuff.

C Fold the left side over the item, and fold the ends under so thatthey do not extend beyond the
package.

D Fold the rightside over the item being wrapped, again folding the ends under. (You can see the
advantage of using two people to do these steps neatly.)

E Repeatthese steps with the second wrapper. Do not fold the lasttwo ends under; secure the final
fold with pressure-sensitive tape, as shown.

Figure 1-15. Wrapping technique (straight method).
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When you finish wrapping using either method, you should have a neat, snug package with no
openings or loose edges. At the same time, the wrappers should not be so tight that the sterilizing
agentis unable to circulate freely. To ensure an appropriate wrap, inspect the package for protruding
contents and that it is securely wrapped.

Never use clips, pins, or staples to secure packages. Such objects make holes in the wrapper through
which microorganisms canenter. They also cause a tendency to wrap the package too tight. A special
pressure-sensitive tape should be used to secure these packages. This tape has indicator markings that
change when exposed to the sterilizing process. The tape secures the package and indicates whether
the package has been sterilized. It also identifies the contents of the package. (NOTE: The indicator
markings do not prove that the wrapped item is sterile; they merely indicate that it has been
sterilized.)

Labeling is very important because it lists the contents of the package and provides information about
its sterility. You can either use a preprinted indicator tape or write the information on the “external
chemical indicator” tape. If you write the information, use an indelible-ink, felt tipped marker (like a
laundry marker). Do not use a regular ballpoint pen, because the ink will run and the label will be
illegible. Also, do not write on the wrapper itself. The ink can cause deterioration and may allow
microorganisms to enter. The information you put on the label should include the contents of the
package and the preparer’s initials; it may also include a designation for the receiving unit. Use
standard nomenclature and abbreviations (i.e., O.B. PACK —L&D). The labelalso includes a
sterilization control number that usually consists of the sterilizer number, load number, and Julian
date of sterilization. Depending on the local policy on shelf life, the label may also include an
expiration date.

Hospitals use two methods to determine the shelf-life of locally sterilized items, the time-related
method and the event-related method. The traditional or “time-related” method, assigns an expiration
date to each package. This expiration date is determined by the material used to wrap the package.
Wrapped items usually are considered sterile for 28-30 days. Items that are peel-packed, or wrapped
then sealed in plastic dust covers, usually are considered sterile for six months. Under the time-related
method, all sterilized packages must be labeled with an expiration date. After this date, the contents
may not be used. The expiration date is necessary to ensure that only sterile items are issued and used.
You must check your supplies for expired or outdated items on a regular basis. If something does
become outdated, return it to CSS for resterilization.

A relatively new way of determining shelf life is the event-related method. This method considers
items sterile until an event occurs that will render them unsterile. Under this method, all packages
must have a label stating the item may be used as long as the package integrity is not compromised.
Use of this method requires adhering to strict guidelines for packaging, sterilizer testing, and storage.
Local policy will determine the method you use. However, whichever is selected, package integrity is
always performed before use, and supplies must always be rotated.

Rotation of sterile items is simply using the most recently sterilized item last. When you receive a
package from CSS, you should store it behind other, similar packages. That way, you will use the
oldest package first, and packages will not be allowed to remain on the shelf too long.

Sterilizing

The last step in the sterilization process is the actual destruction of microorganisms. The basic
methods of sterilization are physical sterilization, chemical sterilization, or ionizing radiation (seldom
used in hospitals). Although each of these uses a different sterilizing agent, they have certain common
requirements. They all require a period of exposure, which allows the agent to effectively destroy the
microorganisms, and a physical arrangement, to allow the agent to reach all the surfaces. The
exposure time required depends on the following factors: the type of agent used, the type of
equipment or material being sterilized, the type of material used to wrap the item, the amount and
type of contamination, the concentration, temperature, and the pH of the agent (chemical sterilant).
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The method used depends on the type of material to be sterilized and the capabilities of the facility.
Steam is most economical, but it is unsuitable for many delicate items. Gas can be used on delicate
items, but it is expensive and slow. This section briefly describes the different types of sterilizers and
discusses their advantages and disadvantages in more detail.

Steam sterilization is done using pressurized steam. Pressurized steam sterilizers (or autoclaves) are
designed to hold items for sterilization, allowing pressurized steam to contact or penetrate these
items. There are several types of steam sterilizers, including gravity (downward) displacement
sterilizers, prevacuum (high-vacuum) sterilizers, and high-speed, pressure sterilizers (flash
sterilizers). Washer-sterilizers are sometimes classified as steam sterilizers, although they are
designed primarily for terminal (decontamination) sterilization, not for sterilizing items for storage.

Pressurized steam sterilizers work about the same as your home pressure cooker. Water is heated in a
chamber, producing steam and tremendous amounts of heat. Essentially, what you are doing is
cooking the microorganism. The heat alters the cellular structure and the microorganism dies. Of
course, sterilizers are more sophisticated than pressure cookers. For one thing, scientists have learned
that air acts as an insulator, so for full effect, the sterilizer must eliminate the air. The typical sterilizer
consists of a chamber within a chamber and openings for air to escape and for steamto enter. The
chambers are sealed by an airtight door, or doors. Steam is supplied from a central point, or from
water heated by electric coils beneath the sterilizer. As the steam builds up, the pressure increases; as
the pressure increases, the steam gets hotter. When the air has been removed and the heat reaches a
preset point, the sterilizer begins timing the actual sterilization cycle. The length of the cycle varies
according to the temperature reached and the type of material being sterilized. An exposure period
chart should be available to provide information about the different times, temperatures, and
materials. Once the sterilization cycle is over, the item must be allowed to dry and cool before it can
be handled. Handling a hot or damp package allows bacteria from your hands to “strike-through” the
package and contaminate its contents.

The different types of steam sterilizers vary according to the way air is removed from the chamber,
the speed with which the operational temperature is reached, and the operational temperature itself.
The slowest type is the downward displacement sterilizer, which uses gravity to force air out of the
chamber. This sterilizer operates at a lower exposure temperature (about 250°F) and has longer
exposure and drying cycles than other sterilizers.

Steam sterilizers have many advantages. They are effective, economical, nontoxic, and relatively fast.
On the other hand, they use great amounts of heat and cannot be used for many delicate items made
of plastic or rubber. Since these sterilizers do get hot, great care should be taken when opening the
door and removing the sterilized items. Insulated gloves generally are used to prevent burns.

When sterilizing liquids, special precautions must be taken. If you try to move the solutions too soon,
the lids will blow off and splash hot liquid, scalding anyone in the vicinity. Normally, liquids are
sterilized at the end of the day and allowed to cool overnight. Fortunately, most liquids used today are
packaged for sterile use, and local sterilization is rare.

Gravity displacement steam sterilizer

Figure 1-16 shows the basic design of a typical gravity displacement, sometimes called a downward
displacement, steam sterilizer. After the door is closed and the button is pressed to start the cycle, the
following events take place in the sterilizer as shown in the figure.

1. The steamenters the chamber through an inlet located in the center of the topmost back of the
chamber.

2. The steamis forced upward and to both sides in the chamber by a baffle plate. Because the
hot steam is heavier than the cool air, gravity causes the steam to compress the air to the
bottom-front of the sterilization chamber.
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As the air is forced downward, a drain valve opens. This allows the cooler air to escape
through a screened drain outlet located in the bottom-front of the chamber.

As the air is displaced by the steam, the temperature in the chamber and drain increases,
causing the chamber drain valve to close. Then the steam begins to build pressure in the
chamber. This process is rapid when the sterilizer is empty. But when it is filled, air can get
trapped in and around the packages. This causes cool air pockets to form in the load
preventing the steam from contacting all portions of the contents, which, in turn, severely
decreases the killing power of the steam.

As the pressure rises, the temperature increases. If loaded properly, the steam penetrates to
the center of all packs and heats all items.

When the internal thermometer measures that the proper temperature is reached, the timing of
the exposure period begins. The internal thermometer is usually located in the discharge line,
just after the chamber drain strainer but before the control valve, because it is the coolest area
of the chamber.

Most gravity displacement sterilizers operate at 15-17 psi and at a temperature of

250-254° F. The minimum exposure period to kill all organisms is 15 minutes at 250° F, but,
because the steam can take some time to penetrate and heat all items, 30 minutes is the most
common exposure time used. These operating parameters vary, depending on the items being
sterilized, the size of the load, and manufacturer’s recommendations.
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Figure 1-16. A typical gravity displacement sterilizer.
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The exposure period is determined by considering three distinct phases: heat-up, thermal death (or
holding), and a safety factor. A typical 30-minute cycle breaks down into three stages:

1. A 12-minute heat-up period. This allows the steam to penetrate the load and bring the
temperature of all items in the load to the same temperature as the surrounding steam.

2. A 15-minute thermal death period or kill time. This is the minimum recommended time for a
250° F sterilizer load to ensure total destruction of all microorganisms.

3. A 3-minute safety factor. This is generally added to each cycle to ensure that effective
sterilization is achieved.

When the preset exposure time is reached, the steam is automatically and rapidly exhausted from the
chamber and a drying cycle begins. The typical dry cycle in a gravity displacement sterilizer is 15
minutes. At the end of this “dry” cycle, the chamber pressure returns to zero, an audible alarm sounds,
and the operator opens the door.

Note that the total cycle time, from the time you close the sterilizer door and push the cycle “start”
button until the drying period is completed, is much longer than the sterilization time you preset on
the sterilizer control panel.

The entire cycle includes the time it takes to:

Remove the air from and pressurize the chamber with steam.
Sterilize the load.

Exhaust the steam from the chamber.

Dry the load.

Total cycle time averages about 60 minutes for a 30-minute exposure period cycle.

When the end-of-cycle signal sounds, open the door slightly, or crack the door. This allows residual
steam to vent from the chamber. Allow a few minutes for the items in the sterilizer load to begin
cooling-down in the chamber before removing them for final cooling and drying.

Prevacuum steam sterilizer

The prevacuum, high-temperature sterilizer is the most efficient steam sterilizer. This sterilizer design
provides a faster and more reliable method of sterilization than that provided by the gravity
displacement sterilizer. Air trapped inside the sterilizer chamber is one of the greatest dangers
associated with steam-under-pressure sterilization. The prevacuum sterilizer reduces this danger and
improves the speed and efficiency of the sterilizer by using a pump to literally “suck” the air out of
the chamber. This creates a near-perfect vacuum before the steam is introduced into the chamber
which allows for rapid air removal; thereby resulting in faster (virtually instantaneous) and more
positive steam penetration of the entire load. The vacuum that removes air prior to the exposure cycle
shortens the time needed to reach operational temperature and allows for a higher operational
temperature (270°F) and shortens the drying cycle.

As you can see from figure 1-17, the prevacuum sterilizer looks very similar to the gravity
displacement sterilizer. The steaminlet and chamber drain are usually located in the same places as in
the gravity sterilizer. The difference is in the sterilization cycle.

After the door is closed and the button is pressed to start the cycle, the following events occur in a
typical prevacuum sterilizer:

1. First, the chamber drain valve opens, and the vacuum pump removes nearly all the air in the
chamber.

2. Asteaminjector preconditions the load contents and assists the vacuum pump with air
removal. This generally takes about 8- 10 minutes.

3. Next, the drain valve closes, and the sterilizing steam is rapidly forced into the chamber.
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4. The vacuum and preconditioning phase allow the sterilizing steam to penetrate the contents
almost instantly. The rest of the sterilizing cycle is similar to that of the gravity displacement
sterilizer. Following the pressure and temperature increases, the timed cycle begins when the
selected temperature is reached. Steam is automatically exhausted from the chamber after the
exposure period is complete.

5. After the sterilization cycle, a vacuum is again created to help moisture dissipate during the

“dry” cycle.
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Figure 1-17. A typical prevacuum sterilizer.

The prevacuum sterilization cycle generally differs from the gravity displacement in three ways:
1. The sterilizer temperature is between 270 and 276° F
2. The chamber pressure is set between 27 and 28 psi.
3. The exposure time period is a minimum of four minutes.

A typical prevacuum cycle takes between 15-30 minutes from start to finish, depending on factors
such as sterilizer capacity, vacuum depth, and load contents.
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Some prevacuum sterilizers use a series of vacuum pulses to evacuate the chamber. These pulses
usually vary in depth with each pulse getting progressively stronger to ensure optimal evacuation of
air during the conditioning phase and optimal evacuation of moisture during the drying phase. The
total cycle time for these sterilizers is slightly longer than for single vacuum sterilizers.

High-speed pressure sterilizer (flash sterilizer)

This steam sterilizer is designed to sterilize small quantities of unwrapped surgical instruments or
supplies that are needed quickly. Itis generally used for instruments that have been omitted from sets
or that have been accidentally contaminated during a surgical procedure. As the name (flash) implies,
it is designed for rapid sterilization.

The flash sterilizer may operate as a gravity displacement sterilizer, a prevacuum sterilizer, or may be
capable of both types of sterilization cycles. The most common flash cycle is a gravity displacement
cycle with a chamber pressure of 27-28 psi, a temperature between 270 and 274° F, and a minimum
exposure period of 3 minutes. This cycle is only acceptable for small quantities of unwrapped, non-
porous, non-lumen containing items. The time must be increased for other types of items.

Note: Items intended for implantation should never be routinely flash sterilized.

The specific uses and applications of flash sterilization are controversial, so flash sterilizers should be
used only in special situations:

e When the preferred method of sterilization is impractical or not available.

¢ In ORs specifically designed to meet all national standards for flash sterilization and
decontamination.

As always, follow the specific, written, policies established by your facility for flash sterilization
procedures.

Instrument washer-sterilizer

This sterilizer is designed primarily for decontaminating and terminally sterilizing used patient care
items. Because the washer-sterilizer uses the high temperatures associated with steam sterilization, all
gross contaminants and visible organic debris should be removed from the instruments before they
are processed in the washer-sterilizer. If a grossly contaminated item is processed, the debris is
literally “baked-on” and is nearly impossible to remove. Many surgical instruments have been
seriously damaged when a technician failed to clean the instruments during (and immediately after)
the surgical procedure and the instruments were washer-sterilized.

The wash-and-sterilize cycle consists of two distinct parts. The wash cycle washes the instruments in
a detergent solution. The method used to wash the instruments—and the effectiveness of the
wash—depends on the sterilizer. Most washer-sterilizer chambers fill with water and use “jets” to
agitate the water to clean the instruments; a few use “spray-arms” to wash the instruments. After the
contents are washed, they are usually rinsed with clean water, then the sterilize phase of the cycle
begins. Most washer-sterilizers use a standard three- or 10-minute “flash” cycle at 270° F as the
sterilize phase of the cycle. Because washer-sterilizer chambers are usually single-walled, there is not
a steam jacket to provide residual heat so there in no real “dry” phase. Although washer-sterilizers
can be used to flash sterilize instruments, their primary purpose is to decontaminate used instruments
so that they can be handled (assembled, wrapped, etc.) without danger from contaminants to
personnel.

When the sterilization phase is complete, the instruments are removed from the chamber for further
processing. A washer-sterilizer cycle should be used only for terminal sterilization. Do not use items
from the washer-sterilizer on a patient until the instruments are inspected for cleanliness and sterilized
by a more “permanent” method.
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In addition to the wash-sterilize cycle, most washer-sterilizers have other sterilization cycles
programmed to increase their versatility. These cycles can generally be used only for unwrapped
items because there is no drying phase. The cycles on most units are the:

e Three-minute “flash” cycle at 270° F for sterilizing unwrapped non-porous instruments or
utensils.

e Ten-minute “flash” cycle at 270° F for sterilizing other unwrapped instruments, utensils,
glass, tubing, or mixed loads of porous items.

Packaging and loading items in a steam sterilizer

Packaging of items and loading of the sterilizer has to be done in a manner to permit free access of
steam to all areas and surfaces in the load. When you load a sterilizer, you should arrange packages
and containers (basins, bowls, prep cups, medicine glasses, and so forth) on their sides so air is not
trapped in pockets. Do not place them upright or in a manner that allows them to hold water. If the
condensation “pools™ in the containers, the sterilized items will not dry and contamination occurs via
“strike-through.” Instrument sets or pans that must be sterilized “flat” should have perforated or mesh
bottoms so they do not hold water. Also, do not place basins, bowls, or cups upside-down; this traps
air, so the insides of the containers do not reach sterilizing conditions.

The primary exception to this loading rule is rigid container systems; most should be sterilized flat.
Follow the container manufacturer’s and the sterilizer manufacturer’s written guidelines when using
these containers. The design of the container can influence the sterilization cycle used. For example,
some rigid containers do not have perforated bottoms, so they may not be used in a gravity-
displacement sterilizer because air cannot escape downward through the container and air pockets
would result. Non-perforated bottoms also would collect and allow the water in the steam to pool.

Facilitating steam penetration

The steam must be able to penetrate every fiber of permeable items, and contact all surfaces of all
items in a sterilizer load. All dirt, organic material, grease, or oil has to be removed from the surfaces
of all items to be sterilized because the steam cannot penetrate. Hinges and ratchets of all instruments
should be opened. This is one of the reasons that exposure times vary; the exposure time must allow
complete steam penetration to all parts of the load. Some materials are penetrated more easily than
others, so it is important to follow the manufacturer’s recommendations for each item being sterilized.
A common example of this is air-powered instruments which often must be subjected to longer
exposure periods than metal instruments do. Many facilities post charts next to the sterilizers listing
the specific exposure periods for each specialty item used in the facility.

Monitoring the sterilization cycle

The sterilization cycle must be monitored by close supervision of processes, constant monitoring of
control devices, proper use of biological and chemical sterilization indicators, and proper
documentation of each sterilization cycle. Qualified, fully trained personnel should inspect and
maintain sterilizers regularly. Problems to look for include:

Unsaturated (superheated) steam.

Wet (over-saturated) steam.

Incomplete air removal from the chamber.

Automatic timer failure and other mechanical failures.

Steam sterilization is safe, relatively simple, and extremely effective—especially with modern
sterilizer design and operating controls. However, you must realize that effective steam sterilization
depends on the right combination of several factors, most of which you—the sterilizer
operator—have direct control of. Despite all the “high-tech” improvements in sterilization equipment,
effective sterilization still depends heavily on the skill, knowledge, and conscientiousness of the
operator. Learn everything you can about the steam sterilizers you work with. Read the
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manufacturer’s operating instructions and recommendations and strictly follow all local policies,
procedures, and guidelines pertaining to in-hospital sterilization.

To ensure steam sterilization is accomplished in an effective and reliable manner, there are several
rules to follow when loading the sterilization chamber. Figure 1-18, A through D, shows some
examples of properly loaded sterilizer carts. Refer to it as you study the “Do’s and Don’ts” of
sterilizer loading.

A. MIXED LOAD B. ALL LINEN LOAD
(LINEN & UNWRAPPED METAL WARE)

Figure 1-18, A and B. Various “mixed” sterilizer loads.
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C. WRAPPED INSTRUMENT LOAD D. PLASTIC/PAPER PEEL DOWN
(PERFORATED AND/OR WIRE MESH TRAYS) PACKAGING LOAD
(PROPERLY POSITIONED IN WIRE BASKETS)

Figure 1-18, C and D. Various “mixed” sterilizer loads.

Do’s and Don’ts of Sterilizer Loading
DO Load all packages with loose contactbetween individual items.
DON'T Overcrowd or overload the chamber racks or sterilizer cart.
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Do’s and Don’ts of Sterilizer Loading

This ensures the passage of steam meets minimal resistance from the top to the bottom of the chamber and
throughoutthe load. By not overloading the sterilizer, you reduce the tendency for air pockets to form in the
load and shorten load drying time.

DO e Placeall packages,trays, and sets (exceptrigid containers) on edge with the longestside
of the pack on the rack shelf.

e Placereceptacles such as basinsand bowls on theirsides.
e Tip wrapped packages slightlyforward (fig. 1-18,A).
e Placerigid containers flaton the shelf.

o Allow atleastthree inches between the top of the sterilizerchamber and the topmost
packages ofthe load.

DON'T Ever allowitems inthe load to touch the sterilizerchamberwalls.

This prevents air pocket formation, ensures thatsteam freelycontacts all surfaces, and prevents
condensation from being trapped in containers during load cool down.

DO e Place hard goods onthe bottom shelf; linens and softgoods on the top (fig. 4-3,A).
e Placethe larger packs on the lower shelves and the smaller packs on the top shelves.
(fig. 1-18,B).
DON'T Place instrumentsets with numerous metal instruments directlyover linen goods or porous,

absorbentitems.

This stops the linen packs and smalleritems from getting wetfrom the water condensation in the hard goods
and large packages as the load cools.

DO e Place heawy instrumentsets in mesh or perforated bottom trays, flat on the rack or cart
shelf(fig. 1-18,C).

e Placerigid containers flaton the sterilizer shelf.

DON'T e Ever place packages directlyon the sterilizer chamberfloor.

e “Stack” rigid containers unlessthe container manufacturer and sterilizer manufacturer
specificallystate they may be stacked.

This allows adequate airremoval and steam circulation. If heavy items are stacked together, the weight
tends to compressthe load and reduce the steam circulation.

DO e Place paperand plastic peel packaged items on edge with the plastic side of one package
facing the paper side of the adjacentpackage.

e Usewire baskets to hold the peel packaged items onthe rack or cart shelves to ensure
this position is maintained during the cycle and to provide easier handling (fig. 1-18,D).

DON'T Place them together plastic-to-plastic, or lying flat on the shelf

The steam maynot penetrate between the two layers of plasticto plastic,and moisture maycollectin
concave surfaces of peel-packs placed flaton the shelf.

DO Sterilize like items togetherin a load (whenever possible); do notmix with other type items.
For example, sterilize linens in one load and hard goods (instrumentsets, basins, trays)ina
separate load.

DON'T Sterilize fluids mixed with non-fluids in a sterilizer load.

Sterilizing like items together ensuresthatitems thatrequire the same exposure time, temperature, pressure,
drying time, etc., are subjected to the properrequirements for sterilization and safe handling. If fluids mustbe
sterilized (a rare occurrence), they are sterilized separatelyusing a slow exhaustcycle (instead ofthe usual
rapid exhaust)to prevent the containerlids from bursting and the fluid from being expelledinto the sterilizer
chamber.

DO e Promptly checkthe chamber pressure gauge priorto opening the door once the
sterilization cycle is finished and the audible alarm sounds.

e Remove the sterilized load as soon as possible after any locallyspecified “cool-down”
period.

DON'T e Putitems into a heated sterilizer until its time to start the sterilization cycle.

e Leave itemsina hot sterilizer for extended periods.
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Do’s and Don’ts of Sterilizer Loading

Permitting items to remain in the hot chamber causes the linen and other contents to over-dry or become
superheated,and maycause permanentdamage.

After the sterilizer is loaded, the items are steam sterilized by one of the methods covered previously,
and the “cycle complete” alarm sounds. You must now unload the sterilizer.

Unloading the sterilizer

As soon as the alarm sounds, check the chamber pressure gauge or digital readout to ensure there is
no pressure in the chamber.

e Always check the chamber pressure before opening any sterilizer door.

e Asyou open the sterilizer door, stand slightly towards the hinged side, never directly in front
of the opening side of the chamber.

These safety precautions greatly reduce the likelihood you will ever suffer a steam burn or other
injury as you open the door. All sterilizers have a pressure-lock system on the door that prevents it
from being opened when steam pressure is still in the chamber. However, particularly with older
sterilizers, this safety device may fail. You never know when a mechanical device will malfunction,
so check the chamber pressure. And, just in case—keep the door between you and the heat!

The next step is to “crack” (open) the door slightly a few inches (about 6-8 inches) to allow the
residual steamin the chamber to vent. Again, do not stand in front of the open door, you can get
burned. Allow the load to cool-down for the period specified by your local policy, usually 15 to 30
minutes. This helps any remaining moisture to evaporate and makes the load slightly cooler and safer
to transport to the sterile supply cooling area. It also reduces the likelihood of condensation occurring
within the packs, which results if the hot items are exposed to cool room air too quickly.

After this cool-down period in the sterilizer, unload the items from the sterilizer. If the items are on a
roll-out rack, unloading is greatly simplified. All you have to do is position the rack cart in front of
the sterilizer, lock it in place, and roll the rack out of the chamber onto the cart until it locks into
position on the cart frame. Always wear heat-resistant, insulated gloves to cover your hands and
forearms when pulling the rack onto the cart.

The rack, chamber door, chamber walls, and load items are still extremely hot and can give you a
severe contact burn. Place the rack and cart in an area free of cold drafts, and not directly under an air
conditioning duct, to prevent the load from cooling too fast. If the hot load is cooled too rapidly,
condensation forms in the packs resulting in strike-through contamination. Allow the load to cool to
room temperature. This usually takes an hour or more, depending on contents of the load and the
environment in the cool-down area. Itis a good idea to advise other personnel who may need to enter
the cool-down area the load is hot. Some units place simple signs in front of hot items to keep others
from receiving an unpleasant surprise!

When the load reaches room temperature, you can safely store or transport the items. Always check
the outside wrappers of every item in the load for signs of wetness. If water droplets or visible
moisture is on the outer wrapper or securing tape, the package is considered contaminated. If a
number of items are wet, the entire load is usually considered contaminated. In this case, a
mechanical sterilizer malfunction should be suspected.

Unloading items directly from a sterilizer shelf is not recommended, but is sometimes unavoidable.
Follow the same basic guidelines when unloading individual items by hand. However, there are
several additional precautions to take.

e Once again, always wear protective gloves when manually unloading individual items.

e Handle the items as little as possible—transfer them from the sterilizer directly to a drying
rack or table if atall possible.
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¢ Do not place the hot items on a cold surface. Put them on a well-padded, fabric covered
surface to prevent condensation.

e Check for wet packs and allow the items to cool to room temperature in an area free from
drafts and air conditioning currents before storing them.
Never allow sterilized items to remain in the sterilizer chamber for long periods of time following
sterilization. Over-drying leads to linen deterioration, causes tape to bake onto the wrappers, can
damage package contents, and potentially could cause a fire.

Routine operator maintenance of steam sterilizers

To ensure steam sterilizers stay in top working order, and to protect the taxpayer’s investment in
expensive equipment, you must perform some routine operator maintenance tasks. Clean and inspect
steam sterilizers on a regular basis. Establish and strictly follow daily and weekly routines.

Sterilizer Cleaning & Inspecting Routines
Daily Weekly

Perform the procedures listed below the first In addition to the daily maintenance routines, perform the
thing in the morning when the sterilizeris cool. | following operator maintenance steps weekly.

e Clean the interior of the chamber,the door, ¢ Remove the chamberdrain strainer or screen and

and all trays, carriages, and racks with a clean the chamberdischarge line and steam trap by
mild detergent; rinse with clean tap water. flushing with a solution oftrisodium phosphate and hot
Never use strong abrasive cleaners, wire water, or other manufacturer recommended product.
brushes, steel wool, or similar substances to Mix one ounce of trisodium phosphate to one quart of
clean the sterilizer as they damage the metal water or use anon-phosphate detergentas aflushing
surfaces and lead to rusting and corrosion. agent(liquid detergents designed foruse in the
Refer to the sterilizer manufacturer’'s ultrasonic cleaner can usuallybe used as a substitute
instruction manual forrecommended for trisodium phosphate). Follow this by flushing the
cleaning agents and procedures. drainwith one quart of hot water.

¢ Remove the chamberdrain strainer (plug e Checkthe sterilizer controls for burned out indicator
screen)and use abrushto cleanlintand lights, faulty gauges, loose orleaking control valves,
sedimentfrom the openings in the screen. faulty thermometers, etc.

This permits free discharge ofairat the o Checkthe door closing mechanisms. Also, check the

beginning of the sterilizing cycle and proper doorgasketfor cleanliness, proper fit, and signs of
steam exhaustat the end of the cycle.Don’t deterioration.

forget to replace the strainer after cleaning. ) ]
¢ Visuallyinspectsteam and water lines forleaks. Do

not touch them!Leave repairto the professionals.

If you discover any problems, immediately report them to your supervisor and then medical
equipment maintenance personnel. Do not use the sterilizer until it is repaired and tested according
to local policies.

Medical maintenance personnel also perform extensive periodic inspections and preventive
maintenance in accordance with the manufacturer’s recommendations. Work with them to ensure
your steam sterilizing equipment stays in top shape.

Advantages and disadvantages
Why is steam sterilization the most widely used method of sterilization? To answer this question, we
need to look at some of the advantages and disadvantages of steam sterilization.

Advantages
e Steamsterilization is relatively easy and safe. Itis also the most “sure-fire” method of in-
house sterilization available. If anitem is not damaged by heat and moisture, chances are it
can be—and should be—steam sterilized.

e Steamsterilization is the fastest method. Steam penetrates many items quickly, carries
considerable heat, and rapidly transfers the heat to the items being sterilized (via the process
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of condensation). As a result, microbes are killed faster than during dry-heat or chemical
sterilization.

Steam sterilization is the least expensive method. Steam can be generated in either in-house
boilers or out of the hospital, then be piped in to the sterilization area. Steam generators are
also available that will generate steam from water when piped-in steamis not available.

Many items used in surgery, such as metal instruments, are safely sterilized by steam. Steam
leaves no residue after the process. Even fabrics such as linen can be repeatedly sterilized
with minimal damage, provided they are properly re-processed before each sterilization cycle.

Most steam sterilizers have automatic, pre-set controls that make each type of sterilization
cycle virtually “fool-proof.” All the operator has to do is properly load the items in the
chamber, close the door, and press the button to start the cycle. The sterilizer conditions the
chamber, “times” the exposure period, exhausts the steam from the chamber, and dries the
load. The operator listens for a buzzer or other alarm, and then opens the door. Many steam
sterilizers have “manual overrides” that allow the operator to sterilize items in emergency
situations, even if electrical power is lost.

Disadvantages

Heat and moisture damages or destroys some materials and equipment (such as
laryngoscopes and bronchoscopes).

If the items being sterilized are not prepared, packaged, and loaded properly, the steam may
not penetrate and sterilize the item, or the item may not dry properly. Wet items are
contaminated via “strike-through.”

Steam must penetrate or directly contact all surfaces of items being sterilized. The packaging
must allow penetration of steam, but prevent penetration of microbes after the sterilization
cycle.

Steam does not easily penetrate some materials, such as oils, greases, and powders. It also
does not penetrate some components of some equipment. Dirt and organic soilage also
reduces the steam penetration. All items to be sterilized must be thoroughly clean and grease
or oil free. Since steam does not penetrate all materials equally, the exposure period is not
constant and has to be adjusted for individual items.

The quality of the steam is difficult for the operator to monitor. If the steam is not pure, air
pockets may form in, moisture may collect on, or solid particles may stain items being
sterilized.

NOTE: Automatic cycles do not remove the need for close supervision and monitoring of eachand
every sterilization load; they simply reduce the likelihood of “human error” during the cycle.

These are the principles, basic conditions, and advantages versus disadvantages of steam sterilization.
You now need to learn about some of the common types of steam sterilizers used in the OR and
central sterile supply.

Chemical sterilization

Chemical sterilizing agents are effective, though their effectiveness varies. They can be classified as
either liquid agents or gaseous agents. When using liquid agents, items must be completely immersed
in the solution. This may be done by simply immersing the item in a basin containing the solution, or
it may be accomplished using an automatic cycle and specialized equipment. Gaseous agents are used
in specially designed sterilizers under specific conditions. For any chemical agent to be a sterilant, the
agent must contact all surfaces of the items for a defined time of exposure.

Chemical sterilizing agents are considered hazardous chemicals by the Occupational Safety and
Health Administration (OSHA). Ensure you wear eye protection, splash protection, and gloves when
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working with them. Some, such as ethylene oxide, also require respiratory protection. Always ensure
you follow specific local policies and guidelines outlined by your hazardous communication program.

Peracetic and acetic acid solutions

Peracetic (technically peroxyacetic) acid solutions are also used as sterilants. These solutions are
liquid sterilants which means items must be fully immersed in the solution to achieve sterilization.
One method (Steris™) mixes peracetic acid with hydrogen peroxide and an anti-corrosive/buffer
powder in a specially designed table-top or sterilizer. The sterilizer automatically mixes the solution
to about 0.2 percent peracetic acid, heats the solution to between 122 and 131°F, immerses the
contents for a specified period, then rinses the now sterile contents—all in about 30-minutes.

Operation of peracetic acid sterilizer

The peracetic acid processor is a fairly simple piece of equipment to operate. Once you prepare your
instruments and devices for sterilization, place them in the processor, add sterilant, press the start
button, and the processor does the rest. The processor will submerse the instruments and devices in a
122-131°F (50-55°C) peracetic acid solution for 12 minutes. Once that is completed, it will perform
four consecutive rinses with sterile water. At the completion of the cycle, an audible alarm will sound
and the “cycle completion™ light will come on. One of the unique qualities of the peracetic acid
sterilizer is that it has a self-diagnostics monitor which continually monitors all conditions of the
sterilization process. Inthe event of a malfunction, the sterilization processor automatically aborts the
cycle and prints out the reason the cycle aborted. This is a real brief synopsis of what happens. Let’s
take a look at the process in more detail.

First, let’s look at the peracetic acid processor (fig. 1-19). Notice there is a latch near the bottom in
the middle of the processor. To open the processor, simply pull up on the latch and the lid will open.
Once you open the lid to the processor, notice there is an empty chamber with a fill valve connection
and a drain connection. Before sterilization, choose the appropriate processing tray to place in the
chamber. There are two types.

PROCESSOR CHAMBER
|

PRINTER

CONTROL
PAMNEL

1015307051
WINDOW

RELEASE
LATCH!
HANDLE

Figure 1-19. Front view of peracetic acid sterilizer/processor.

The first type of processing tray is a general processing tray (fig. 1-20). This tray is used to sterilize
surgical instruments, cameras, light cords, adapters, and rigid endoscopic devices. The second type of
processing tray is a flexible processing tray (fig. 1-21). This tray has a special design that allows you
to place a flexible endoscope into the tray without kinking it. Always remember how delicate flexible
endoscopes are. It also has special connectors and tubing to introduce the sterilant into the endoscope
lumen to ensure complete sterilization.
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Figure 1-20. Open view of peracetic acid sterilizer/processor with general processing tray/.
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Figure 1-21. Top view of peracetic acid sterilizer/processor flexible processing tray.

Once you determine the type of processing tray you need, place it inside the processor chamber. If
you are using the flexible processing tray, place your scope directly into the processing tray and
connect the special tubing and connectors. (Refer to the manufacturer’s recommendations when
selecting and connecting different types of hoses and connectors.) If you are sterilizing instruments,
cameras, light cords, adapters, or rigid endoscopic devices, place them in a general processing
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container with a chemical indicator and then place the container inside the processing tray. We will
discuss loading instruments into the processing container later in this unit.

Once you load your instruments or devices into the processor, place the sterilant into the processor.
Before you place the sterilant into the sterilizer, verify the expiration date, ensure the container is
intact, and gently squeeze the bottom of the container to make sure the powder is soft. Next, place the
container into the bottom right-hand side of the processing tray. Push the sterilant container down
until the lid is flush with the processing tray. Once you start pushing it down, a cup cutter in the
bottom of the processor will cause a slight clockwise rotation as it tears a hole in the bottom of the
container and releases the buffer powder into the processor. The next step is to insert the plastic
aspirator probe assembly into the center of the lid of the sterilant container until it is firmly seated on
the container. Make sure the plastic hose connected to the aspirator probe is not kinked. This allows
the sterilant to flow freely during the sterilization process. Then, close the lid and press the start
button. If you meet resistance when closing the lid, stop and inspect the positioning of the container,
tray, and aspirator assembly. From this moment on, the process is automated so all you need to do is
wait for the process to finish.

Once you press the start button, the chamber begins to fill with water and peracetic acid sterilant. As
it dilutes, it will turn to a greenish-yellow color. All devices in the processor are submerged in the
heated sterilant. During the sterilization process, the peracetic acid solution is heated to a temperature
between 122 and 131° F (50-55° C) for a 12-minute period. Once the sterilization cycle is completed,
the sterilant is discharged through a sanitary drain. The instruments are then automatically rinsed in
tap water a total of four times. The peracetic acid sterilizer has a filtering system where tap water is
fittered through two external prefilters in addition to an internal micro filtration system. Even the
smallest known bacterium, Pseudomonas dimenuta, is unable to pass through this filter system. After
the fourth rinse, the cycle is completed. An audible alarm will sound and the “cycle completion” light
will come on. The entire process takes 20-30 minutes. The actual processing time is dependent on
water temperature, water pressure, and the status of the water filter. When the cycle is complete; press
the “cancel” button. Once this is accomplished, the inflatable seal will deflate. Then, lift the handle
and open the lid. Check the chemical indicator and the processor printout to ensure all sterilization
parameters were met. The product is now sterile and ready for immediate use. Finally, remove the
aspirator probe from the sterilant container, remove the empty sterilant container, and discard it in the
trash.

Advantages and disadvantages
Now let’s turn our attention to some of the advantages and disadvantages of peracetic acid
sterilization.
Advantages
e Peracetic acid sterilization is relatively easy and safe. Itis a fairly fast method of sterilizing
medical instruments and devices.
e Many heat-sensitive items used in surgery, such as scopes and cameras, are safely sterilized
with peracetic acid.

e The peracetic acid sterilizer has a self-diagnostics monitor that continually monitors all
conditions of the sterilization process. Inthe event of a malfunction, the processor
automatically aborts the cycle and prints out the reason the cycle aborted.

e It usesastandard tap water supply, a regular sanitary drain, and a standard 110-volt electrical
connection.

e During the sterilization process, the processing tray is also sterilized. It can be directly
transferred to the sterile field using aseptic technique.

e All the operator has to do is properly load the items in the processor, place the sterilant in the
appropriate location, close the door, and press the start button. The processor takes over from
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there. Once you hear the audible alarm, open the sterilizer and remove the sterile processing
tray.

Disadvantages
e Peracetic acid must penetrate or directly contact all surfaces of items being sterilized.

e For peracetic acid to effectively sterilize, all items must be thoroughly clean and free of
grease and ail.

e Cannot be used for long-term storage. This process is designed for “just-in-time” sterilization.
e You cannot sterilize items that cannot be submersed in liquid.

e You must avoid contact with the skin because peracetic acid is corrosive and may cause skin
irritation.

Loading, unloading, biological monitoring, and ope rator mainte nance

As stated previously, to effectively sterilize using peracetic acid, the sterilant must thoroughly contact
all areas of the items being sterilized. To make sure this happens during a sterilization cycle, the
instrument and devices must be loaded properly.

Loading the sterilizer
To make sure sterilization is effective and reliable, follow these steps when loading instruments into
the processing container:

1. The items must me properly cleaned prior to sterilization.

2. Ensure all devices are properly inspected and are in good working order.

3. Place water-resistant caps on cameras, light cables, etc., if required by the manufacturer’s
recommendations. Failure to place caps on these devices may result in damage and costly
repairs.

4. Position devices to ensure exposure of the sterilant to all surfaces. Make sure all devices are
disassembled into the smallest components. Open all valves. All small components need to be
placed in a mesh bag. Open the ratchets on all graspers and clamps.

5. Load the instruments into the processing container so as to allow gravity flow of the sterilant.
Devices with lumens need to be positioned so as to allow the liquid sterilant to flow upward
through the lumen. This also aids in proper rinsing of the device following sterilization.

6. Correctly place a chemical indicator in the processing container for each sterilization load.

7. Place the lid on top of the processing container and position it in the processing tray. Make
sure you align the fluid ports of the processing container with the fluid ports of the processing
tray. You do this by resting the processing container on the rubber fluid port gasket. Now you
are ready to close the lid and start the process.

If you are sterilizing flexible endoscopic equipment, you must carefully position the endoscope and
accessories in the flexible processing tray. You must also attach appropriate adapters and hoses for
proper sterilization. (Refer to the manufacturer’s recommendations for positioning and proper
attachments.)

Unloading the sterilizer

When the cycle is complete, an audible alarm will sound. Check the processor printout to ensure all
conditions for sterilization were met. The following conditions must be reflected on the printout:

e Temperature reading should read between 122 and 131° F (50-55° C).
e The concentration must be 175 or greater.
e The exposure time must be 12 minutes.
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Once you determine the conditions of sterilization were met, it is time to open the processor. The first
step is to press the “cancel” button. Once you do this, the inflatable seal will deflate. Then lift the
handle, open the lid and visually check the chemical indicator. The effectiveness of the chemical
indicator is identified by a color change from white to purple. If the appropriate color change
occurred, your product is now sterile and ready for immediate use. Finally, remove the aspirator
probe from the sterilant container, remove the empty sterilant container, and discard the container in
the trash.

One of the unique qualities is that this sterilization system sterilizes everything inside the processor—
instruments and devices, processing container, and processing tray. The next step is to remove the
processing container using aseptic technique. The entire container can be placed directly on to the
sterile field.

Biological monitoring of the peracetic acid sterilizer

The peracetic acid sterilizer is unique in that it provides operators with three methods of quality
assurance. First, it has a computer processor that monitors the entire sterilization process and
identifies any problems. At the conclusion of a load, it prints a report that records the conditions of
the sterilization process. Second, a chemical strip is placed in every load. The third and final quality
assurance mechanism put into place to further monitor the effectiveness of the sterilization process is
biological monitoring.

Biological monitoring ensures that sterilization conditions are metand maintained during the
sterilization process. The biological indicator used to monitor the effectiveness of peracetic acid
sterilization is either Bacillus subtilis or Bacillus stearothermophilus spore strips. Biological testing
should be conducted and documented at least weekly. Refer to local policy for specific guidance on
frequency.

To perform biological monitoring, take the following steps:

1. Puton apair of gloves and open the envelope containing the spore strip. Using the special
clip provided, grasp the spore strip and place it in the processing tray channel or in an empty
processing container.

2. Add sterilant and run a standard sterilization cycle.

3. Once the cycle is complete, don new gloves. Using strict aseptic technique, transfer the spore
strip into the biological vial. Avoid contact with any unsterile surface! Be careful not to let
the indicator touch the outside of the vial because this can cause a false positive reading.

4. Once the spore strip is inserted into the vial, screw the cap on and make sure the spore strip is
completely immersed.

5. Label the vial with the load number, the date, and your initials, and place it into the incubator.
If you are using Bacillus subtilis spore strips, the incubator must be maintained at 37° C. If
you are using Bacillus stearothermophilus, the incubator must be maintained at 56° C.

6. Annotate the appropriate information into the peracetic acid biological logbook.

7. The vial canbe kept in the incubator up to seven days. Check for daily growth. Refer to local
policy and/or manufacturer recommendations for completion of biological monitoring
procedures.

8. Inaddition to placing the processed spore strip into the incubator, you also need to incubate a
control. Remove a spore strip from its envelope and place it directly into the vial and
incubate. Refer to local policy and/or manufacturer’s recommendations for completion of
biological monitoring procedures.
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Routine operator maintenance of peracetic acid sterilizers

To ensure peracetic acid sterilizers stay in top working order, you must perform some routine
operator maintenance tasks and checks. Clean and inspect sterilizers on a regular basis. Below is a list
of the daily cleaning requirements for the peracetic acid sterilizer.

1. Itis recommended that a diagnostic test be run on the peracetic acid sterilizer every 24 hours.
Initiating a diagnostic test each day validates the integrity of the processor. The diagnostic
test ensures all electro/mechanical systems and the sterile water filter are functioning
correctly. The completion of a successful diagnostic cycle assures the user that the processor
will operate appropriately. If a diagnostic cycle fails, the processor will prohibit you from
initiating any cycles till the problem has been corrected and a successful diagnostic test has
been completed. Refer to the manufacturer’s manual on specific instructions for running a
diagnostics cycle.

2. All cleaning of the processor should be done with a soft cloth dampened with 70% isopropyl
alcohol. Cleanthe external surfaces of the processor first.

3. Openthe lid and clean the processing tray by thoroughly wiping the inner surface and seal.
Next, clean the processing container and accessories rack.

4. Wipe the aspirator assembly and sterilant compartment.
5. Visually inspect the aspirator assembly and make sure the probe lumen is clear, that there are

no cracks or chips, and that the hose connection is secure. If there is a crack or chip, replace
the aspirator assembly.

6. Checkthe drain screen, which is located in the bottom of the sterilant compartment. Ensure it
is clean and remove any lint or debris. To remove the screen, lift the processing tray and
unscrew the drogue. Remember to replace the screen after cleaning.

7. Remove the processing tray and clean the processor chamber. Then replace the processing
tray and container.

8. Openthe control panel and check your printer paper. Replace with a new roll, as needed.

Since the peracetic acid sterilizer utilizes several filters, you will also be required to change these
filters at their recommended time. Refer to the owner’s manual for specific periodic maintenance
schedule and instructions.

Hydrogen peroxide plasma or vapor

Hydrogen peroxide is used as a sterilant by converting it from a liquid to either a vapor or to plasma.
A hydrogen peroxide plasma sterilizer subjects the liquid hydrogen peroxide to radiofrequency
energy to form a plasma. Air is evacuated from the chamber, the liquid hydrogen peroxide enters the
chamber and is vaporized, and then radiofrequency energy converts the vapor to a plasma within the
chamber. The plasma sterilizer operates at about 104° F and sterilizes in about an hour.

A hydrogen peroxide gas plasma sterilizer passes the liquid hydrogen peroxide through an
electromagnetic field to generate its plasma. This plasma is then introduced to the chamber. The gas
plasma sterilizer operates at about the same temperature as the plasma sterilizer, and sterilizes
unwrapped items in about 30 minutes, and wrapped supplies in about 90 minutes.

In a hydrogen peroxide vapor phase sterilizer, a vacuum is created in the chamber, and then a cold
vapor of hydrogen peroxide is introduced. It sterilizes between 39 and 46° F; the time varies.

Just like the peracetic acid sterilizer, the hydrogen peroxide plasma sterilizer is also a fairly simple
piece of equipment to operate. During the sterilization process, the hydrogen peroxide plasma
sterilizer automatically monitors and controls the sterilization process. Most hydrogen peroxide
plasma sterilizers use four different methods to do this:

1. Message screen (LCD). The screen continually indicates the status of the unit and displays
the time remaining to cycle completion.
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2. Status indicator lights. The lights identify the current stage of the sterilization cycle and
assist you in monitoring the cycle stages (vacuum, injection, diffusion, plasma, and vent).

3. Paper printout. Atthe completion of a sterilization cycle or a cycle cancellation, a paper
exits the front panel. This records the cycle parameters and should be kept for your records. If
problems were encountered during the sterilization cycle, they will be identified on the
printout.

4. Beeps. Atthe conclusion of a cycle or if a cancellation occurs, the beeps will alert you.

Once you prepare your instruments and
devices, properly load them into the
= — sterilizer chamber. Next, verify the status
= }'—CD DISPLAY  f the hydrogen peroxide plasma
INDICATOR .
LIGHTS cassette. Most hydrogen peroxide
— cassettes provide enough hydrogen
CHAMBER % } CONTROL peroxide for severalloads. If a cassette is
DOOR — ——=| ] BUTTONS empty or expired, it needs to be replaced.
It also needs to be replaced if you are
g *—;;ﬁi%RUT directed by a message on the sterilizer
EXIT display. Once this is done, you are ready

to start the cycle. Press the start button,
and the processor does the rest. Once the
cycle starts, there are five different stages
the sterilizer goes through: vacuum,
injection, diffusion, plasma, and vent.
Depending on which sterilizer you use, it
may go through just the five stages or it
may go through the injection, diffusion,
and plasma stage twice. The load is
sterilized in approximately one hour.

101 5307054

Figure 1-22. Typical front view of hydrogen peroxide plasma Once the load is completed, an audible

sterilizer. alarm will sound and a message will be
displayed on the message screen. A
report will also print that records the

conditions of the sterilization load. Once the cycle is complete, you can open the door. After you open
the door, check your chemical strips and make sure they changed from red to yellow. Remember, the
chemical indicator does not guarantee sterility: it indicates the load was exposed to hydrogen
peroxide. Remove the items from the chamber and they are ready for immediate use.

Advantages and disadvantages
Let’s look at some of the advantages and disadvantages of hydrogen peroxide plasma sterilization.
Advantages

The hydrogen peroxide plasma sterilization is dry and nontoxic.

Because hydrogen peroxide plasma is a by-product of oxygen and water vapor, it can be
evacuated into the room atmosphere.

Its low temperature allows sterilization of many heat-sensitive items such as endoscopes and
fiberoptic devices.

The sterilizer is simple to operate and connects to a standard electrical outlet.
It is safe, effective, economical, and easy to use.
No aeration is required and the sterilized items are ready for immediate use.
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Disadvantages

Metal trays block the radio-frequency waves.

You cannot sterilize items with cellulose (i.e., woven textiles with cotton fibers and paper
products).

After repeated exposure, nylon becomes brittle.

The concentrated hydrogen peroxide solution is corrosive to the skin, eyes, nose, throat,
lungs, and gastrointestinal tract.

All items must be cleaned and dried before sterilization. |f the sterilizer detects moisture, it
may cancelthe cycle.

The sterilizer cannot be unplugged or turned off for more than 24 hours.

Loading the hydrogen peroxide plasmasterilizer
To ensure sterilization is effective and reliable, follow these rules when loading instruments into the
hydrogen peroxide plasma sterilizer:

1.

Make sure the items you are preparing for sterilization can be sterilized using hydrogen
peroxide plasma. (The best way to determine if they are suitable for this type of sterilization

is to refer to the medical device manufacturer’s manual.) Hydrogen peroxide plasma is
designed for sterilization of both metal and nonmetal devices. It is also suitable for heat and
moisture sensitive instruments. Do not sterilize items with cellulose, such as woven textiles
with cotton fibers and paper products or items that absorb liquids (i.e., gauze sponges, hand
towels, linens). This means you cannot include count sheets inside your sets. If an itemis
labeled for “gravity steam methods,” or cannot withstand a vacuum, it cannot be sterilized in
this sterilizer.

All items placed in a hydrogen peroxide plasma sterilizer must be cleaned, rinsed, and dried.
Absolutely all moisture must be removed.

Hydrogen peroxide plasma sterilizers require the use of special trays specifically designed to
allow the diffusion of hydrogen peroxide and the plasma around all the items in the sterilizer.
Do not pad trays with linen. Refer to manufacturer’s recommendation for appropriate
padding.

Arrange items in an instrument tray in a manner that allows the hydrogen peroxide and
plasma to surround them. Do not stack instrument trays. Place a chemical indicator in each
tray and peel pack.

When loading items into the sterilization chamber, place the trays flat on the shelves. Do not
stack trays or basins within the trays.

Position peel pouches on edge and arrange them so the transparent side of the pouch faces the
opaque side of the next pouch.

Do not allow any items to touch the walls or doors and provide at least one inch of space
between the ceiling of the electrode and the top of the load.

Place a biological test pack in the sterilizer atthe back of the sterilization chamber on the
bottom shelf.

Unloading the sterilizer

Once the load is completed, an audible alarm will sound and a message will be displayed on the
message screen. It will also print out a report that records the conditions of the sterilization load.
Check the printout to make sure there were no problems with the load. Once the cycle is complete,
you can open the door. After you open the door, check your chemical strips and make sure they
changed from red to yellow. Remember, the chemical indicator does not guarantee sterility; it
indicates the load was exposed to hydrogen peroxide. The items can be immediately removed from
the sterilizer and delivered to their appropriate location.
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Biological monitoring of the hydrogen peroxide plasma sterilizer

Biological monitoring ensures sterilization conditions are met and maintained during the sterilization
process. The biological indicator used to monitor the effectiveness of hydrogen peroxide plasma
sterilization is Bacillus subtilis var. niger spore strips. Biological testing of hydrogen peroxide plasma
sterilizers is accomplished through the use of commercially prepared test packs. The pack contains
both a chemical and a biological indicator. Biological testing should be conducted and documented at
least once per day. The correct placement of the biological indicator is at the back of the sterilization
chamber, on the bottom shelf. Make sure the opening of the biological test packis facing the back of
the chamber and is not obstructed.

Once the sterilization load is completed, remove the test pack from the sterilizer. Check the chemical
indicator for appropriate color change. If the appropriate color change is noted, remove the spore strip
and transfer it into the vial using strict aseptic technique and incubate. The transfer process should be
completed within 15 minutes of cycle completion. Refer to local policy and/or manufacturer’s
recommendations for completion of biological monitoring procedures.

Routine operator mainte nance of hydrogen peroxide plasmasterilizers
To ensure hydrogen peroxide sterilizers stay in top working order, you must perform some routine
operator maintenance tasks and checks. Clean and inspect sterilizers on a regular basis.

To clean the outside surfaces of the sterilizer, wipe them down with a mild detergent. The inside of
the chamber normally does not require cleaning. Never wipe the chamber door or the chamber with
anything abrasive. Refer to your manufacture’s manual for specific cleaning requirements for your
sterilizer.

Since the hydrogen peroxide plasma sterilizer uses hydrogen peroxide cassettes, you will need to
replace the cassette collection box from time to time. The cassette collection box usually holds about
30 used cassettes. Other routine maintenance you will need to do is to replace the printer ribbon or
cartridge, replace printer paper, and clean or replace the injector valve vaporizer bowl. Refer to
manufacturer’s recommendations on the instructions to perform these tasks.

Glutaraldehyde solutions

Glutaraldehyde is the last chemical sterilizer we will cover. Glutaraldehyde solutions have been used
primarily as high-level disinfectants, but are capable of sterilizing items. It works by denaturing the
cells, but acts very slowly on spore-forming bacteria. It takes a minimum of 10 hours direct exposure
to most glutaraldehyde solutions before anitem can be considered sterile. Glutaraldehyde may be
packaged as two-part solutions; you must mix the two chemicals to “activate” the solution.
Glutaraldehyde may also be packaged full-strength, or in concentrations that must be mixed.
Glutaraldehyde is used multiple times in some facilities. After it is dispensed, the container is labeled
with the type (brand name) of glutaraldehyde, and expiration date, and the name or initials of the
person dispensing or mixing the solution. If it is reusable, a test strip may be used to ensure the
solution is still potent. Always follow the manufacturer’s instructions, particularly when mixing the
solution, sterilizing an item, and determining the date of expiration.

Non-ionizing radiation

Non-ionizing radiation, commonly called microwaves, sterilization currently uses low-pressure steam
combined with microwaves to generate very rapid high localized temperatures. Cycle times may be as
short as 30 seconds with this type of sterilization. However, technology limitations, such as the
requirement to place metal items in a partial vacuum within a glass container, have prevented its
practical wide-spread use in medical facilities.

lonizing radiation
This method of sterilization uses a combination of thermal and chemical energy to destroy microbes.
lonizing radiation involves the bombardment of items with beta and gamma rays from a radioactive
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source (cobalt 60). These rays destroy the microorganisms by disrupting their molecular structure.
lonizing radiation is used commercially, primarily for bulk sterilization of items. The need for
shielding, trained personnel, and radioactive substances prohibits its use in the average medical
facility.

The following table summarizes the methods used to limit organisms in our facilities.

Procedures Levels Methods Used Results
Cleaning Washing by hand Used for noncritical items

Washing in sterilizer

Sonic energy cleaning

Disinfecting High Pasteurization Kills mostmicroorganisms butNOT spores.
Intermediate Chemical germicides Used for noncritical items
Low Ultraviolet irradiation
Sterilization Physical Kills ALL microorganisms and is used for
Chemical critical items
Radiation

Sterilization indicators

Since you can not see microorganisms, there is no way to tell if items are sterile. There are devices or
indicators that tell you if the item has been sterilized and whether the sterilization process was
effective. The special tape you use to seal the packages is an external chemical indicator, it has been
chemically treated so that it will either change color or develop darkened lines when it is exposed to
the sterilizing agent. Unfortunately, these indicators only show that the outside of the item has been
exposed to sterilizing conditions, not whether it is sterile. However, it does serve one useful
purpose—if the tape on the package you are going to use has not changed, you will know that the
item is not sterile. Do not use it!

Internal chemical indicator

A paper strip placed inside the package is called an internal chemical indicator. It, too, changes color
when the package has been sterilized. When you open a sterilized package, check the strip to make
sure it has changed. As with the tape on the outside, the inside strip does not guarantee sterility, it
only indicates the inside has been exposed to sterilizing conditions. Again, if the strip has not
changed, do not use the item. While these chemical indicators tell us only that sterilizing conditions
have been met, biological indicators are used to test for actual sterility.

Biological test indicators

Biological indicators are used to test the sterilizers. They are not usually used to test individual items
for sterility. These biological indicators usually are commercially prepared ampules containing highly
resistant spores and a growth medium. The test ampule is processed in the sterilizer per local policy
(usually in each cycle), then activated and incubated as recommended by the manufacturer (12—48
hours). If the spores grow, the indicator changes color to show the sterilization cycle was not
effective. Any item processed since the last effective test is recalled. This is another reason to rotate
your sterile supplies. If you use the newest first, you may wind up using an un sterile item.

In addition to checking the tape, always examine your sterile packages for stains, tears, holes, loose
tape, or past expiration dates. If you find any of these, or if you doubt the sterility of the package for
any reason, DO NOT USE IT! It is always better to be safe than sorry! You should check these
packages thoroughly when you receive them, and check them again when you are ready to use them.

In this lesson, you learned about sterilizing and ensuring the sterility of the packages sterilized in the
hospital. For the most part, you will use manufacturer sterilized, prepackaged, disposable supplies. As
long as the container or package is intact and there is no expiration date, such items are considered
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sterile until used. However, you must still examine the package carefully before using any of these
items. The cardinal rule of sterility is WHEN IN DOUBT—TOSS IT OUT! (Do not throw it away;
just do not use it).

008. Universal Protocol concepts

A culture of patient safety is demonstrated by an organizational commitment to provide safe, high
quality patient care via a focus on collaborative teamwork, communication, and effective processes.
This commitment must be shared by leadership and staff members at all levels. Organizations with a
culture of patient safety acknowledge that medical errors canand will occur and strive to identify and
reduce risk before it results in harm.

Framework for safer and more effective healthcare

According to AFI 44-119, Medical Quality Operations, patient safety proactively and retroactively
identifies potential and actual risks to safety, identifies underlying causes, and makes the necessary
improvements to reduce risks. It establishes processes in response to sentinel events and adverse
incidents by identifying risks through a Root Cause Analysis (RCA) and implementing process
improvements. Patient safety, in collaboration with other activities, including performance
improvement and risk management, promotes a culture of safety in which errors are identified and
reported freely without retribution. The goal is to reduce variability and vulnerability for error in
processes.

Safety is rooted in the daily operations of the healthcare organization where proactive risk
identification, assessment, and control are the foundation for safe and effective healthcare. This
systems-based approach to advance a culture of safety, reduce vulnerability, and promote competent
patient-centered care is driven by the leadership at each medical organization through the
endorsement and active support of commanders, medical, and nursing leadership. These concepts are
anchored in the organization’s mission, vision, prioritization plan, guidance, and policies.

Regulatory compliance

All MTFs will use each patient’s full name and date of birth as the two standard identifiers associated
with National Patient Safety Guidelines (NPSG). Use these two patient identifiers ata minimum when
providing care, treatment, or services. The intent of this goal is to reliably identify the individual as
the person for whom the service or treatment is intended and to match the service or treatment to that
individual. These same two identifiers must be directly associated with medications, blood products,
specimen containers, and treatments or procedures. Standardization of this goal across the Air Force
Medical Service (AFMS) is intrinsic to the delivery of safe, high quality healthcare and system-wide
solutions.

Universal Protocol checklist

The Universal Protocol (UP) was established by TJC in 2003 and became effective in 2004 for all
accredited hospitals as a mechanism for preventing wrong site, wrong procedure, and wrong person
surgery. The UP is built on three key components: (1) preprocedure verification, (2) site marking, and
(3) preprocedure time out. All MTFs will adhere to the NPSGs for UP. UP applies to all surgical and
nonsurgical invasive procedures as determined by the MTF. MTFs will ensure UP compliance by
developing facility-specific processes that use the UP surgical checklist (fig. 1-23) and incorporate
elements of the nonoperating room procedure verification checklists into established processes. The
checklist templates are located in the Patient Safety Handbook posted on the Kx.
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UNIVERSAL PROTOCOL SURGICAL CHECKLIST

PROCEDURE: | SITE: | DATE:
Preprocedure Verification (with patient involvement when possible) Preprocedure Verification Completed
___ (Surgeon's initials) Attanding Surgeon/Residants disouseed procedure and patient care managamant Signature:
—__ {surgeon’s inttisls} Attending discusesd c3es with OR taam prior to surgary
Verifythe following: ¥ N NA | Time:
- Patient identification (Name and DOB) O 0O O [Comments:
- PtParent/Guardian verbalizes understanding of procedure Oooao
and site
-Consentsigned/dated by provider, patient, and witness ooag
-H&P completedireviewed by licensed provider OO o
-Pre-anesthesia assessmentcompleted oo g

- Safety check accompiished, Antibiotics available,
anticipated biood loss 2

-Mursing assessmentcompleted [ ] ';:::::‘f E
-Labeled diagnostic, radiology, pathology tests results, blood o0 O | pa.

products, implants, devices and/or special equipment present

and operational
-Surgical site marked andinitialed by licensed independent OO g

practitioner directly involved with procedure

(includes alternate marking method if necessary)
Final Time Out (Licensed provider Anesthesia Provider Girculsting Nurse and Technizisn) | Final Time Out Completed
(Verbally confirm with each team member immediately prior fo invasive Signature:
proceduredincision and prior to start of second procedure)

Site marked by:

Verify the following: YoM MNA | Time:
-Correct patient, procedure, and site ooOood
- Surgical site marked OO0 O [Team Members:
-Consentform accurate and comrect oo0oo
-Team members agrees on procedure/positioning correct [m |
- Antibiotics started/given ooao
- Appropriate pre-op beta blocker administered OooOoag Comments:
-Requireditems available (e g. irigation fluids, equipment, OooOag
bisod/biood products)
-Relevantimages and results properly labeled and displayed Ooono
-DVT prophylaxis as ordered [y |
- Appropriate measures taken to prevent hypothermia Oooo
Post-Procedure Brief PostProcedure Brief Completed.
Signature:
Verifythe following: MiA | Time:
-Mame of procedure recorded Coniants:

-Instrument, sponge, and needle (if applicable) counts
correct
-Specimens labeled correctly
- Any equipment problems addressed
-Licensed provider, anesthesia provider, and nurse
(I applicable) reviewed key concerns for recovery/management

OO0 oo
OO0 oOo=
ooo oo

PATIENT IDENTIFICATION STAMP

Figure 1-23. Universal Protocol surgical checklist.

Nonoperating room

The checklist (fig. 1-24) only applies to nonoperating room procedures (i.e., when medical staff
assists with procedures in a clinic). Staff must use the checklist to verify the right patient and
procedure as well as attain consent, along with prepping equipment, supplies, and the surgery site.
These responsibilities are not solely done by one person but must include all team members involved
with the procedure (provider/surgeon/nurse/technicians).

Operating room

This checklist (fig. 1-24) is used by operating-room staff before surgery begins; it’s one last check to
ensure verification of all resources used before, during, and after surgery. The checklist provides
more thorough verification of not only the patient but completion of documents used in assessing
patient throughout the process.
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UNIVERSAL PROTOCOL

Non-Operating Room Procedure Verification Checklist
(Used for Procedures Performed Outside the Operating Room)

When completing the Non-Operating Room Procedure Verification Checklist ensure the following:
- Procedure must match consent form

- Consent form is signed by a licensed independent practitioner directly involved with procedure
- Identify Provider or Surgeon performing procedure

- Identify Nurse and or technician assisting with procedure

- Annotate date and time of procedure

Universal Protocol Checklist
{Provider's Initials) Attending Provider/Residents discussed procedure and care management

{Provider's Initials) Attending Provider/Residents discussed case with assisting team member(s)

Pre-procedure Verification: Confirm correct patient, procedure, consent,
positioning, side/site marked (inciudes alternative marking method); blood
products and special equipment needs (as applicable).

Final Time Qut Accomplished: Verbally confirm with personnel
immediately prior to incision and prior to start of second procedure. Confirm
procedure, procedure site, patient position, relevant images and lab,
antibiotics, fluids, and safety precautions.

Team Agrees:

Procedure: | |

Provider/Surgeon: | |

Nurse/Technician: | |

Date/Time: | |

PATIENT IDENTIFICATION

Figure 1-24. Universal Protocol nonoperating room checklist.

After you complete these questions, you may check your answers at the end of the unit.

Self-Test Questions

007. Disinfection and sterilization procedures
1. What general tasks are included in the sterilization procedure?

2. For what purpose is low-level disinfection useful?

3. What type of disinfection is done by placing small items in boiling water for a specified period of

time?
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4. Whatis the method of choice for chemical disinfection?

5. What does the EPA classify chemical disinfectant solutions as?

6. What are the disadvantages of formaldehydes?

7. What special precaution must be taken when using ultraviolet irradiation?

8. For sterilization puroses, what type of patient use items are classified as semicritical?

9. What factors determine the cleaning method to be used for equipment?

10. When cleaning equipment, what things should you do to prevent self-contamination?

11. Briefly describe how ultrasonic cleaning works.

12. What characteristics should wrapping material for sterile packs have?

13. Why should you avoid adding extra supplies or equipment to a sterile pack?

14. Which wrapping method is used for most packages?

15. Why should you avoid using pins, clips, or staples to secure sterile packages?

16. What type of instrument should you use to label a sterile package?

17. What information should be included on the label?
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18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

What are the three basic methods of sterilization?

Which type of sterilization uses gravity displacement sterilizers, prevacuum sterilizers, and
washer-sterilizers?

When does a steam sterilizer begin timing the actual sterilization cycle?

What are disadvantages of steam sterilizers?

What is the difference between the gravity displacement sterilizer and the prevacuum steam
sterilizer?

What is the primary function of washer-sterilizers?

A washer sterilizer cycle should only be used for what type of sterilization?

How should items be loaded in a steam sterilizer?

When monitoring the sterilization cycle, what are some problems to look for?

What should you always do before opening a sterilizer door?

How many types of processing trays are there for the parectic acid sterilizer?

What are some disadvantages of the peracetic acid sterilizer?

As a minimum, how often should biological testing be conducted on a peracetic acid sterilizer?
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31. What are the four methods used to monitor and control the sterilization process of a hydrogen
peroxide plasma sterilizer?

32. When unloading a hydrogen peroxide plasma sterilizer, you must first check to make sure the
chemical strips have changed to what color?

33. For what purpose is ionizing radiation primarily used?

34. What are three methods of disinfection?

008. Universal Protocol concepts
1. Whatare NPSG used for?

2. What are the two standard identifiers associated with the NPSG?

3. What are the key components that the UP is built on?

Answers to Self-Test Questions

001

1. Set-up minor surgery, set-up/maintain sterile field, perform height and weight, record temperature, assess
pain scale, perform and label venipuncture, assess APGAR score, obtain body measurements, perform
immunizations, collect and label emesis, urine, stoolsamples, assess respiratory rate, and perform intake
and output measurements.

2. Outlines how infection control programs should be developed and operated, assists in solving infection
problems, analyzes infection survey data, and investigates the outbreak of serious infections and diseases.
The CDC also researches and publishes guidelines on a variety of infection control topics.

3. Usually aregistered nurse with training and background in epidemiology, microbiology, statistics,and
research methods.

1. They destroy surrounding tissue or produce toxins (poisons).

2. From exposure to various sources within our environment. They are usually found in a specific body area;
they are considered normal flora for that area alone.

3. Commensalism.
4. The pathogen inhabits the carriers butdoes not produce any symptoms of infection.
5. Parasitic, orinfectious agents that act parasitic.
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6. Bacterial cells divide every 30-120 minutes.

7. Size, shape,and attachments.

8. Spherical, rod-shaped, and spiral-shaped.

9. Rickettsiae.

10. Some are edible; others are involved in fermentation of breads and alcoholic beverages; and still others are
used to produce antibiotics.

11. The cell wall is flexible and allows the cell to form a variety of shapes.

12. Pseudopods or false feet.

13. The virus.

14. One of the larval stages.

003

1. Causative agent, reservoir, portal of exit, mode of transfer, portal of entry, and susceptible host.

2. Respiratory tract, gastrointestinaltract, skin and mucus membranes.

3. Indirect contactis touching contaminated objects such as forks, spoons, coffee cups, and medical
equipment.

4. Occurs when infectious agents are transmitted through the air short distances (less than three feet) by a
person coughing, sneezing, or talking.

5. Incubation, prodromal, illness, and convalescence.

6. Anywhere from a few hours toa few days.

7. Intact and unbroken skin.

8. The moist surfaces of the membranes in the nose, throat, respiratory and genitourinary trap
microorganisms. This is enhanced in some areas, as in the nose and trachea, by hair or cilia growing out of
the membranes that help filter and trap foreign matter. Also,the mucous membranes are highly vascular,
enabling white blood cells to be rapidly supplied to the area of pathogen invasion. They may also harbor
normal flora that combat pathogens.

9. They washaway dirt, debris, and microorganisms that could cause infection.

10. The lymphatic systemcontains special nodes and glands that produce large leukocytes, called lymphocytes,
which engulf and destroy invading pathogens. Also, the lymphatic systemtransports pathogensto regional
lymph nodes where they are trapped and destroyed, before they can enter the bloodstream.

11. Substances created in the body to attack specific foreign substances classified as antigens.

12. An infection that has spread to the lymph nodes.

13. Standard precautions and transmission-based precautions.

14. To preventnosocomial infection.

15. When splattering or splashing of blood or body fluids is possible.

16. Airborne, droplet, and contact precautions.

17. Place patient in a private room that has monitored negative air pressure, keep the doorclosed, and
personnelshould wear protective respiratory equipment (such as a mask).

18. When working within three feet of the patient.

19. To control the spread of infection.

004

1. Inflammation of the liver that can be caused by bacteria, viruses, protozoa, helminths, chemicals, or drugs.

2. Inflammation of the meninges covering of the brain and/or spinal cord; bacterial meningitis.

3. Viral meningitis.

4. AIDS is a group of symptoms that usually result from an infection caused by the retrovirus HIV.

5 PID.

6. (1) Primary.

(2) Secondary.
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(3) Latent.
(4) Late.
(5) Congenital.

7. By phoneorlocally derived form.

8. AFI 48-105.

9. The PH office.

005

1. Freedom from infection (absence of all microorganisms), butonly as applied to inanimate objectives.

2. Clean technique.

3. Sterile technique.

4. Disinfecting.

5. Disinfectants are designed to destroy pathogenic organisms and usually are used on inanimate objects.
Antiseptics are designed to inhibit the growth of microorganisms on living tissue, but do not necessarily Kill
them.

006

1. Prevent the spread of microorganisms among staff, patients, and visitors.

2. Refusal to believe that they can be contaminated, so they ignore the precautions; lack of understanding
what they are supposed to do and they become contaminated without knowing it; individuals who are
illiterate or don’t read English and become infected due to their inability to understand the caution signs
posted on isolation room doors.

3. Theyarein a hurry and try to take shortcuts; they don’t understand howto follow the precautions;they
think the precautions don’t apply to them.

4. If both patients have the same disorder and are the same gender. A patientwith an infectious disease may
sometimes be placed with a patient without an infectios disease if they are both cooperative, understand the
infectious process, and have been taught how to use the isolation techniques.

5. To prevent contamination of the general environment and other people.

6. Routine cleaning is general cleaning that’s done every day and usually is performed the same as in other
areas of the hospital; terminal cleaning is directed primarily toward objects the patient has actually had
contact with.

7. The cleaning equipment should be disinfected with an approved solution before going on to anotherroom.
If cleaning cloths and mop heads are grossly contaminated, bag and label them appropriately before sending
them to be laundered.

8. They are selected by the local infection control committee according to EPA standards.

9. Gown, mask, and gloves.

10. The patient is physically separated from other people and personnel are more likely to remember towash
their hands before going on to other patients.

11. They preventinhalation of large droplets and small droplet nuclei. They might also prevent personnelfrom
touching their mucous membranes and contaminating themselves.

12. Put it on before you enter the room and take it off before you leave.

13. To provide a protective barrier and prevent gross contamination of the hands when touching blood, body
fluids, secretions, excretions, mucous membranes, and non intact skin; to reduce the likelihood that
microorganisms presenton the hands will be transmitted to patients during invasive or other patient care
procedures thatinvolve touching a patient’s mucous membranes and non intact skin; and to reduce the
likelihood that hands contaminated with microorganisms from a patient or fomites can transmit these
organisms to another patient.

14. Bag, label, and dispose of it according to local policy.

15. No special precautions are needed; hospital dishwashers are capable of decontaminating dishes.

007

1. Cleaning, disinfecting, wrapping, and sterilizing.
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IS o

10.
11.

12.

13.
14.
15.

16.

17.

18.
19.
20.
21.
22.
23.
24.
25.
26.

27.
28.
29.

30.
3L
32.

General cleaning.

Pasteurization.

Sterilization.

Sporicides, general disinfectants, hospital disinfectants, sanitizers.

The solution is irritating to the skin, eyes,and mucous membranes; gloves and face protection must be
worn when using it. Instruments must be thoroughly rinsed in sterile water after disinfection, and items that
may absorb the solution should not be disinfected in formaldehyde. The fumes are highly toxic and
prolonged inhalation must be avoided. In fact, the fumes are sotoxic that formaldehyde is notsuitable for
housekeeping use.

Wear protective garments such as gowns, gloves, and protective glasses when using this process to prevent
injury.

Items thatcome into contact with intact mucous membranes, but do not penetrate body surfaces.

Local policy, type of object to be cleaned, and amount and type of organic material on the object.

Avoid splashing, wear gloves, eye protection, and adhere to locally required protection.

It cleans by passing ultrasonic waves through a fluid. This produces submicroscopic bubbles, which
collapse and pull dirt from objects by suction.

The wrapper must be constructed so that it allows the sterilizing agentto enter and leave, but does notallow
microorganisms or dust particles to enter. It must be durable enough to withstand conditions in the sterilizer
and in storage, and it must provide physical protection for delicate items. The wrapper must also be flexible
enough to adapt to the shape of the object and allow the package to be opened without contaminating the
contents. Finally, the wrapper must be cost-effective.

Sterile packs are designed for one-time use. Adding materials is a waste of time and space.
Use the diagonal method or straight method to double wrap the package to create multiple layers.

Such objects make holes in the wrapper that allow microorganisms to enter and they may cause the package
to be too tightly wrapped.

Preprinted indicator tape, or use an indelible-ink, felt-tipped marker to write the information on the
“external chemical indicator” tape.

Contents of the package; preparer’s initials; designation for the receiving unit; a sterilization control
number that usually consists ofthe sterilizer number, load number, and Julian date of sterilization.
Depending on the local policy on shelf life, the label may also include an expiration date.

Physical sterilization, chemical sterilization, and ionizing radiation.

Pressurized steam sterilization.

When all the air is removed and the heat reaches a preset point.

They produce great amounts of heat and cannot be used for delicate items made of plastics and rubber.
The sterilization cycle.

Decontaminate/terminally sterilize used patient care items.

Terminal.

On their sides.

Unsaturated (superheated) steam, wet (over-saturated) steam, incomplete air removal from the chamber,
automatic timer failure and other mechanical failures.

Check the chamber pressure.
Two types.

Peracetic acid must penetrate or directly contactall surfaces of items being sterilized, in order for peracetic
acid to effectively sterilize, all items must be thoroughly clean and free of grease and oil, cannot be used for
long-term storage, this process is designed for “just-in-time” sterilization, you cannot sterilize items that
cannotbe submersed in liquid, you must avoid contact with the skin because peracetic acid is corrosive and
may cause skin irritation.

At least weekly.

Message screen, status indicator lights, paper printout, and beeps.

Yellow.
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33. Bulk sterilization of commercial products.
34. Pasteurization, exposure to chemical germicides, and ultraviolet irradiation.

008

1. ltreliably identifies the individual and matches the service or treatment to that individual.
2. The patient’s full name and date of birth.

3. Preprocedure verification, site marking, and preprocedure time out.

Complete the unit review e xercises before going to the next unit.
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Unit Review Exercises

Note to Student: Consider all choices carefully, select the best answer to each question, and circle
the corresponding letter. When you have completed all unit review exercises, transfer your answers to
the Field-Scoring Answer Sheet.

Do not return your answer sheet to the Air Force Career Development Academy (AFCDA).

1. (001) What organization is responsible for establishing the hospital accreditation evaluation
criteria?
a. The Joint Commission.
b. Infection Control Committee.
c. American College of Surgeons.
d. Center for Disease control and Prevention.

2. (001) As a minimum, how frequently should area-specific general operating instructions (Ol) be
reviewed?
a. Quarterly.
b. Annually.
c. Every two years.
d. As needed.

3. (002) Which of the following most accurately describes an organism that causes infection and
disease?
a. Antigen.
b. Antibody.
c. Pathogen.
d. Micro-organism.

4. (002) Which infectious agents are primitive one-celled, plant-like organisms that reproduce
rapidly?
a. Helminths.
b. Viruses.
c. Bacteria.
d. Fungi.

5. (002) Which infectious agent includes two structural categories known as yeasts and molds?
a. Fungi.
b. Virus.
c. Bacteria.
d. Chlamydiae.

6. (002) What condition must be present for a virus to multiply?
a. Water and soil.
b. Cool and dry.
¢. Warm and moist.
d. Susceptible tissue.

7. (003) Which stage of infection is the period of time between the invasion of the infectious agent
into the body and the onset of symptoms of the particular disease?
a. lliness.
b. Virulence.
c. Incubation.
d. Convalescence.
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8. (003) Which of the following best states the purpose of the standard precautions recommended by
the Centers for Disease Control (CDC)?
a. Prevent the risk of transmission of blood borne pathogens.
b. Reduce the spread of infectious agents by interfering with the organism’s known method of
transmission.
c. Prevent the spread of infectious agents by interfering with the organism’s known method of
reproduction.
d. Reduce the risk of transmission of micro-organisms from both recognized and unrecognized
sources of infection in hospitals.

9. (003) What should you do if the clothes you are wearing at work become contaminated?
a. Change into clean clothes before leaving work and throw the clothes in the trash.
b. Change into clean clothes, bag the dirty clothes and launder them in hot soapy water.
c. Wipe off the affected area before leaving work and launder clothes in hot soapy water.
d. Wipe off the affected area, change into clean clothes and throw dirty clothes in the trash.

10. (004) One of the most common and serious complications a female may develop from gonorrhea
§
a. pelvic inflammatory disease.
b. irregular menstral cycles.
c. vaginal discharge.
d. Chlamydia.

11. (004) A health care provider notifies Public Health of a suspected communicable disease by
a. using the telephone or locally derived form.
b. completing an Air Force (AF) Form 422, Physical Profile.
C. paging a Public Health representative to report to the clinic.
d. faxing a Standard Form (SF) 600, Chronological Record of Patient Care.

12. (005) Which medical term means the absence of infection?
a. Antimicrobial.
b. Antiseptic.
c. Asepsis.
d. Sepsis.

13. (005) Which substance is used to inhibit the growth and development of microorganisms on living
tissue?
a. Disinfectant.
b. Antiseptic.
c. Detergent.
d. Antitoxin.

14. (006) When using a mask in an isolation unit, put the mask on
a. after entering the unit, and take it off before leaving.
b. after entering the unit, and take it off after leaving.
c. before entering, and take it off before leaving.
d. before entering, and take it off after leaving.

15. (007) What is the shelf life for sterilized equipment using the event-related method?
a. 30 days.
b. 45 days.
c. 6 months.
d. When package integrity is compromised.
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16. (007) Which is not a commonly used disinfecting agent?
a. Formaldehydes.
b. Hydrochloric acid.
c. Phenolics.
d. Alcohol.

17. (007) What is the temperature range of the sterilization cycle in a peracetic acid sterilizer?
a. Between 112 and 121 degrees F.
b. Between 122 and 131 degrees F.
c. Between 215 and 230 degrees F.
d. Between 270 and 285 degrees F.

18. (007) Which item may not be placed in a hydrogen peroxide plasma sterilizer?
a. Plastic trays.
b. Count sheets.
c. Metal instruments.
d. Nonmetal instruments.

19. (008) What are the standard identifiers associated with the National Patient Safety Guidelines?
a. Patient’s full name and date of birth.
b. Patient’s full name and Social Security Number.
c. Patient’s Social Security Number and date of birth.
d. Patient’s last name, age, and Social Security Number.

20. (008) What are the foundations of safe and effective healthcare?
a. Risk assessment and control.
b. Risk management and patient safety.
c. Proactive risk identification, assessment, and control.
d. Competent patient-centered care and a culture of safety.

Please read the unit menu for unit 2 and continue =
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tool for all health care workers. To provide the best patient care possible, it is also necessary

l l UNDERSTANDING the principles of human growth and development is a valuable knowledge
to know about other various concepts relating to health.

2—-1. Human Growth and Development

This section addresses the concept of human growth and development, basic needs and body
defenses. The first lesson addresses human needs common to all people regardless of their stage in
life.

009. Basic human needs

As you provide nursing care for your patients by meeting their needs as a whole person, you are able
to achieve a higher level of health for them. Whether a patient is admitted into the hospital or cared
for in the clinic, people respond better when treated as a “whole” person. Everyone has certain needs
present throughout life. A need is defined as something necessary or desirable for maintaining life
and mental well-being. A noted psychologist, Dr. Abraham Maslow, developed the “Hierarchy of
Needs” theory (fig. 2-1). According to this theory, certain basic needs must be met if a person is to
survive and function. He proposed a hierarchy of human needs as an explanation for the forces that
motivate human behavior. With any hierarchy, the lowest levels are met in succession to reach the
top. These needs are arranged in order of importance. The lower level needs must be met before the
higher level needs can even be considered. In other words, if the first need in the hierarchy is not met,
it does not matter if the others are met, because a person will be focused solely on the lowest unmet
need. These basic needs, from the lowest level to the highest, are physiological (or physical) needs,
safety and security, love and belonging, self-esteem, and self-actualization. Y ou may remember how
this was applied when you were in

tech school. Remember how

Maslow’s hierarchy of needs was

integrated throughout all the

patient care processes? As you

progress as a Journeyman, you PeYCROLOGICAL
will obtain skills and perform

more specialized patient care than

Self-
Actualization

Self- Esteem

the apprentice level. Once those / v sl BiskoA G \

skills are mastered, you will move

up to the Craftsman’s level where / Balelyzmi Bttty \
you will be involved in meeting -

more of the patient’s needs as a PHYSIOLOGICAL / Primary Needs \
whole person and incorporate and s A

complete all aspects of their care. Figure 2-1. Hierarchy of needs.

In this example, you are moving
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up the hierarchy of needs at the same time you are enhancing patient care.

Most of the low-level needs are met everyday; however, when they are not, the reason can often be
attributed to illness or injury. When these situations occur, people usually seek the assistance of
health care professionals. The following information explains each need from lowest to highest in
more detail.

Physiological and biological needs

Once a particular need is met, it does not remain satisfied forever. This is most obvious whenwe are
talking about the physiological needs of nutrition, rest,and oxygenation. These elements are met
repeatedly. The physiological needs required for life are oxygen, food, water, elimination, and rest.
These needs are the most important for survival, and they must be met before higher level needs can
be considered. People cannot survive without oxygen but can survive for a short amount of time
without food or water, experiencing negative (and eventually life-threatening) effects if the need is
not met. Elimination is included with the physiological needs because the kidneys and intestines must
function properly to prevent a buildup of poisonous waste in the bloodstream. Finally, without the
proper amount of rest, an individual would become completely exhausted and unable to function.
When we care for the sick and injured, we not only care for their physiological needs but also provide
security, belonging, and self-esteem. The following chart shows an illustration of an evolving
hierarchy of needs we can apply to planning our patient’s care.

Oxygen and circulation

Basic physical needs are essential to maintaining life. The most important of these basic physiological
needs is oxygenation. The body must have adequate oxygenation for proper cardiovascular function
to supply the tissues with oxygen. Respirations are the source for oxygenation. Everything begins at
the cellular level and oxygenation and the circulation of this oxygen is no exception.

A patient’s physiological need for oxygenation can be affected by many things, such as altitude and
disease processes. Diseases such as emphysema and chronic obstructed pulmonary disease (COPD)
are two examples where the physiological need for oxygen could be compromised. In both disease
processes the alveoli lose their shape and become floppy. Less air gets in and less air goes out
because:

The alveoli lose their elasticity (like an old rubber band).

The walls between many of the alveoli are destroyed.

The walls of the airways become thick and inflamed (swollen).

Cells in the airways make more mucus (sputum) than usual, which tends to clog the airways.

Signs and symptoms can include the patient’s use of accessory muscles, monitor tracings, and
through bloodwork results. Bloodwork results offer significant clues to a health care provider about
the patient’s ability to oxygenate and what treatment to implement for the patient’s recovery. Without
circulation, the body can inhale and exhale air all day long, but it will not sustain life. The blood is
what transports the oxygen and carbon dioxide between the lungs and the body cells. As these gasses
enter the blood, they dissolve in the plasma or combine chemically with other atoms or molecules.
The alveoli provide the capillary network necessary for this exchange of gasses.

The PaO, determines the amount of partial pressure of oxygen that combines with hemoglobin. The
greater the PaO,, the more oxygen that can combine with the hemoglobin for circulation. Almost all
oxygen in the body (98 percent) is carried in the blood, bound to the protein hemoglobin in the red
blood cells. The remaining 2 percent is dissolved in the blood plasma. For the circulatory systemto
carry oxygen to the body tissues, we must be able to produce enough red blood cells (RBC). The
good nutrition of an individual greatly increases the body’s ability to produce the RBCs we need to
carry the vital oxygen throughout the body.
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Nutrition and elimination

Following closely behind oxygenation and circulation is nutrition and elimination. Good nutrition
enables proper body functions and the end result is to help ease recovery time for the patient.

Nutrition covers a broad spectrum of vitamins, minerals, chemical reactions with cells, and of course,
the ability to eliminate the excess waste the body does not need. Many diseases affect the physiology
of the body’s cells and their function. As discussed previously, all things begin at the cellular level.
Nutrition is the basis for most cells, acquiring the necessary molecules they need for proper function.
The body relies on RBCs to produce hemoglobin for oxygen to bond to. The hemoglobin then is
transported to the body tissues and cells in need of the oxygen. The availability of two B-complex
vitamins significantly influences RBC production.

Vitamin B, and folic acid are the B-complex vitamins necessary for the production of RBCs. These
vitamins are also required for deoxyribonucleic acid (DNA) synthesis, thus being needed for the
growth and reproduction of all cells. Cellular reproduction occurs at such a high rate in hematopeitic
tissues that tissue is extremely vulnerable to the deficiency of either of these vitamins. The lack of By,
is usually due to a disorder or disease process that prevents the stomach lining from absorbing the B,
rather than a dietary deficiency.

Along with B-complex vitamins, iron is necessary for hemoglobin synthesis. Iron is absorbed slowly
from food in the small intestine. Justa small portion is absorbed even when the food contains an
abundance of iron. The rate of absorption is directly related to the amount of iron the body currently
has in it. If the body is low on iron, the absorption rate will increase. When a patient is anemic, this
reduces the oxygen-carrying capacity of the blood, giving the person a pale appearance and a lack of
energy.

Nutrients in the plasma portion of the blood are also very important. Plasma nutrients include amino
acids, simple sugars, nucleotides, and lipids absorbed through the digestive tract. Blood plasma
transports glucose from the small intestine to the liver where it may be stored as glycogen or altered
to form fat cells. Amino acids are also carried to the liver where the amino acids are synthesized into
proteins to be used as an energy source.

Plasma lipids include triglycerides, phospholipids, and cholesterol. Because lipids are not water
soluble, the lipids combine with proteins in lipoprotein complexes. Lipoproteins are classified into
four groups based on their density, which reflects their composition. Chylomicron consists mainly of
triglycerides absorbed from the small intestine. Very low-density lipoproteins (VLDL) consist of a
relatively high concentration of triglycerides. Low-density lipoproteins (LDL) consist of a relatively
high concentration of cholesterol and are the major cholesterol-carrying lipoprotein. High-density
lipoproteins (HDL) consist of a high concentration of protein and a lower concentration of lipids. The
following table reviews the characteristics and functions of each of these lipoproteins.

Lipoprotein Characteristics Functions
Chylomicron High concentration of triglycerides Transports dietaryfats to muscle
and adipose cells
Very low-densitylipoprotein Relatively high concentrations of Transports triglycerides
(VLDL) triglycerides; produced in the liver synthesized in the liver from

carbohydrates to adipose cells

Low-densitylipoprotein (LDL) Relatively high concentrations of Delivers cholesterol to various
cholesterol; formed from remnants cells,including liver cells

of VLVL moleculesthathave given
up theirtriglycerides

High-densitylipoprotein (HDL) Relatively high concentrations of Transports remnants of
protein and low concentrations of chlyomicrons thathave given up
lipids their triglycerides to the liver.
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The chlyomicrons transport dietary fats to both muscle and adipose tissues. The chlyomicrons are
then used as energy or stored as fat. In a similar manner, VLDL transport triglycerides that have been
synthesized from excess dietary carbohydrates to adipose cells; the remnants are convertedto LDL.
Because most of the triglycerides have been removed, the LDL molecules have the higher cholesterol
content. Cholesterol content is one of the contributing factors to many coronary disease processes.
The HDL molecules formed in the liver and small intestine transport the chylomicron remnants back
to the liver. The liver disposes of most of the cholesterol by secreting it into the bile. These bile
secretions are later reabsorbed largely by the small intestine and back to the liver. The secretion-
reabsorption cycle of the cholesterol and bile secretions are constantly repeated. During each cycle
some of the by-products of bile salts and cholesterol reach the large intestine and are eliminated with
the feces.

Activity and rest

The physiological need for restis not just the action of “lying around” but also includes the freedom
from pain. Patients constantly in pain are unable to fully rest. Lack of rest may increase their fatigue
and possibly inhibit their recovery time. Medications are just one way to promote pain-free rest for a
patient. Another avenue of meeting the physiological need for rest may be as simple as good personal
hygiene. For patients who have been on bed rest, either partial or complete, may be unable to take a
full shower, wash their hair, or just simply brush their teeth. When we as health care providers take
the extra time to assist them in accomplishing these tasks patients are more comfortable and feel
rested. The better individuals feelabout themselves, the more we can promote a speedy recovery.
Following pain-free rest, good hygiene also helps provide restand comfort. This adds a measure of
safety and protection against the invasion of bacteria.

Musculoskeletal activity is also a basic physiologic need. Through proper ambulation or range-of-
motion (ROM) exercises we can promote a quick recovery for our patients who suffer from possible
muscle atrophy or contractures. Therefore assisting or even teaching our patients these movements
helps to provide normal function of the muscles and joints. The guideline to providing/teaching ROM
exercises is as follows:

e Move the body part enough to stretch the muscles and keep the joint flexible. Avoid moving
the body part to the point of discomfort.

e Perform ROM exercises as prescribed, usually at least twice a day, or more if tolerated.

e Support the extremity above and below the joint when performing passive exercises of arms
and legs.

e Eachexercise should be performed a minimum of 3-5 times, either actively or passively.

e Involve patients in planning their exercise routine and encourage active performance of the
exercises, if allowed and when recovery returns to normal.

As patients feels their physiological needs are being met by the health care team, they begin to
progress to the next stage of the hierarchy of needs. According to Maslow, safety is one aspect in the
second tier of hierarchy. When integrating Maslow’s hierarchy and the patient care plan, safety can be
considered as one of the basic psychological needs. If patients cannot be protected from the dangers
of a battlefield or the environment attending, their safety and security as well as potential

physiological needs may not be met. Protection from physical harm, whether from themselves or an
outside source, fits the security Maslow is referring to in his hierarchy of needs in the second level of
safety and security.

Safety and security
After all physiological needs are met, the need for a safe environment takes precedence. Safety and
security needs are simply the need for shelter, clothing, and protection from harm and danger. The

need for safety has both physical and psychological aspects. Everyone needs to be and feel safe in his
or her own physical and emotional environment. Security for most adult patients mainly depends on
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the reassurance that their physiologic and safety needs will be met. When there is a structured
recovery process established along with a peaceful environment, we as health care providers increase
the sense of security for the patient. This security will help to decrease anxiety and fear of being in
the hospital. Both children and elderly patients are particularly susceptible to stress created by an
unfamiliar, disorderly, or hazardous environment. People value order, routine, and rhythm in their
daily lives and thrive better in an environment in which they believe these things to be true.

Adults who suddenly become ill might be anxious about finances, loss of control, change in their
body image, and what may happen to them in the future if they must cope with the effects of a
permanent disabling illness or injury. For the nursing staff, emotional support for the patient is very
important. Active listening on the part of the medical technician and health care staff is essential to
meeting the patient’s security needs. When patients feelthat their needs are being accurately
perceived, they feel secure with the health care provided.

Love and belonging

The next level—once physiological, safety, and security needs are met—is the need for love and
belonging. To meet this need, a person must feel love, closeness, and affection. He or she must also
be able to establish and maintain meaningful relationships with others. Communication is the method
by which human social interaction takes place and is therefore very important. Meeting the patient’s
need for belonging can be provided through the means of communication, encouraging, sharing
thoughts and feelings, and answering as many of the patient’s questions as possible. This is the
primary principle of good nursing practices. A health care provider can frequently meet the basic
physiologic needs (oxygenation, nutrition, limited activity) of a conscious, coherent patient without
communication. Itis very difficult to meet the other levels of their needs (self-esteem, belonging)
without good communication. Through adequate feedback, clarification and validation of the
communication, patients are able to play a part in their own health care. Patients who take part in their
rehabilitation and recovery are given the sense of belonging necessary to move to the next level of
self-esteem.

Self-esteem

Once the physiological, safety, security, and love and belonging needs are met, we can move onto
self-esteem. Esteem is the worth, value, or opinion one has of another person. Self-esteem relates to
both how they feel about themselves as well as how others feel about them. When an individual
receives praise for a job well done, it helps to establish a sense of self-worth, which aids in building
self-esteem.

Self-esteemand love are interrelated. It is apparent that one cannot truly love others until one first
loves and accepts oneself. Self-esteem is developed from feelings of independence, competence, self-
respect and recognition from others. Many people achieve these goals through various roles in life
(e.g., hushand, wife, father, mother, community leader), which all contribute to self-esteem. For
many, spiritual belief systems are an integral part of their sense of self and their ability to maintain
relationships as they fulfill the need for love. Within the hospital setting, patients may look to their
health care team to provide some levels of self-esteem and love.

Mental stimulation, motivation to seek knowledge, and learning all play a role in personal self-
esteem. You and the health care team must take on the teacher role when performing all aspects of the
patient care plan. By teaching the patient and the family the plan, you offer the building blocks for the
patient to reach the final goal of the care plan. This is instrumental in helping the patient rebuild
feelings of competence, independence, and self-respect. While you do not provide the patient with the
love through a personal relationship, you are able to provide the necessary tools to promote the
patient’s involvement in his or her care while in the hospital and at home.

Love consists of both the giving and receiving of that love. Anexample of the need for love is the
bond between an infant and the parents. An infant will withdraw and spiral to a deteriorating state
without love despite having its physiologic needs met. You may have heard this described as a
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“failure to thrive” baby. In other cases, prolonged deprivation of love and nurturing can bring about
neurotic behavior and organic illness. The nursing team needs to assist patients in finding a way to
fulfill the need for love. Your responsibility is to make sure you listen and observe your patients and
report findings to the nurse or health care provider. Once identified, appropriate treatment,
counseling, or referral service appointments can be initiated. Mental health professionals are often
able to assist the patient in this area.

Self-actualization

The highest level in the hierarchy is the need for self-actualization. Self-actualization cannot be
reached until the lower levels of the hierarchy are met. This level is seldom reached. However, once
reached, self-actualization is normally limited to a short period of time, due to the ever-changing
goals and decisions of an individual. Nursing actions that facilitate the self-actualization of an
individual are pertinent mainly during rehabilitation. This is when the nursing care team assists the
patient to strive to achieve full potential of recovery, not necessarily full recovery. Keep in mind, the
patient’s behavior is based on what he or she perceives to be a need and how highly the patient values
the satisfaction of that need. A patient who is severely injured and knows he or she will endure
significant hours of rehabilitation to walk may work very hard to meet the goals or he or she may be
satisfied in being confined to a wheelchair the rest of his or her life. Inthis case, the need/goal for
recovery set out by the health care team (to walk) is not the need of the patient (content to stay in a
wheelchair), and the patient’s behavior will convey this belief.

Meeting the patient’s basic human needs is only part of treating and caring for your patient.
Implementing interventions to aid in his or her recovery are also very important. For the patient
admitted onto the unit, the nursing process is a systematic method used to identify a patient’s problem
and methodically organize interventions needed to assist the patient to the expected outcome of
recovery. This means experiencing one’s full potential. Self-actualization involves reaching one’s full
potential by learning, understanding, and creating to the highest limit. As previously stated, this need
is rarely met in its entirety, which, in reality, is probably a good thing. Itis good because it inspires
people to continue to learn, grow, and accomplish more all the time.

Determining where an individual is on the hierarchy

It is important to understand the entire hierarchy of needs is a continuum. In other words, at any given
moment, an individual might be completely involved in the need for self-actualization and suddenly
be at a lower level on the pyramid. On the other hand, people can frequently be elevated to concerns
for the higher levels when the lower level needs are automatically met. The following example will
assist in illustrating these points:

A man who works for a computer software design company is on the verge of creating a
revolutionary new product. His company is fully supporting him, as are his coworkers. He
is involved in what may be the most creative period of his life up to this point. He is
obviously focused on the need for self-actualization.

During a lunch break, the man begins choking on a piece of food and cannot breathe. On
which need is his attention solely focused now? Obviously, his attention is devoted to the
primary, lowest level of the hierarchy. His immediate physiological need for oxygen causes
him to completely disregard any of the higher level needs. Once he is able to breathe again,
his attention can jump back up the pyramid.

Here is an overview of what we have covered in this lesson starting at the top of the hierarchy and
working our way down to the basics. Remember, Maslow’s theory is just that—a theory—; however,
it has been accepted for many years as a logical part of human nature. Being aware of these human
needs will heighten the awareness level of all medics, and your increased awareness will result in
excellent patient care, a high degree of patient sensitivity, and the ability to understand and improve
your own well-being.
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010. Human growth and development

The terms growth and development are both dynamic processes. Growth refers to the physical
changes that can be measured and occur in a steady and orderly manner. Height and weight are two
examples. Development relates to changes in psychological and social functioning. Different age
groups generally act appropriately for their age. Certain developmental tasks should also be
accomplished during each stage. Each stage lays the foundation for the next.

Growth and development occur from the moment of fertilization until death. The processes proceed
from simple to complex. There is a sequence, order, and pattern to growth and development. This
lesson explains nine age groups and the growth and development stages that usually occur in each
stage. Though some people may either be slightly ahead of or behind these general expectations, an
average view of each group is covered in this lesson. Understanding these expected characteristics is
important for those involved in patient care. Knowing appropriate growth characteristics can help to
identify abnormalities. Awareness of expected developmental characteristics serves to anticipate
behavior for patients of various ages.

Infant growth and development—birth to one year

Rapid physical, psychological, and social development characterize this period. The developmental
tasks that have been identified for this period are developing stable sleep patterns, beginning to have
emotional relationships with parents and siblings, beginning to talk and communicate with others,
learning to eat solid foods, and learning to walk.

Average newborns weigh seven to seven and one-half pounds and are 20-21 inches long. Their birth
weight usually doubles by the fifth or sixth month, and by the end of the first year, their weight triples
and they should also grow 10-12 inches in the first year.

The newborn’s central nervous system is not well developed. Movements are uncoordinated and
generally without purpose. As the nervous and muscular systems develop, the infant develops specific
voluntary and coordinated movements. Certain reflexes and involuntary movements normally are
present and disappear as the central nervous system develops.

Reflex Explanation

Moro (startlereflex) | Occurs when an infantis frightened by a loud noise or sudden movements. The
infant reacts by extending the arms and legs outward, then suddenlyretracting the

limbs.

Rooting Is necessaryfor feeding; it helps guide the infant’'s mouth to the nipple. This is
accomplished when the infant’'s cheek s touched.

Sucking Occurs whenthe infant's lips are touched.

Grasping Is presentatbirth and occurs when the palm of the infant's hand is stimulated,

causing the fingers to close around an object. This reflex begins to subside around
the second month and disappears around the third month.

Infants can see at birth, but their vision is not clear. They respond to bright objects. They can also
hear well and are startled by loud noises and soothed by soft sounds. At birth, they respond to touch
and their senses of smell and taste are developed.

During the first six months of life, the infant’s diet usually consists of breast milk or formula. Solid
foods, such as strained fruits and vegetables, are gradually added to the diet about the sixth month.
Around the eighth month, the infant normally advances to junior foods, still remaining on breast milk
or formula until one year of age. Table food usually is introduced at the end of the infant stage. Note
the various stages of development during the first 12 months of an infant’s life:

Months Infant Development

1 Can hold their head up while lying on their stomach.
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Months Infant Development
2 Can smile and follow objects with their eyes.
3 Canraise theirhead and shoulders while lying on their stomachs, sitfora shorttime, and hold an
objectin their hand.
4 Canroll over, situp when supported, and maysleep all night. The Moro and rooting reflexes have

disappeared bythis time. The infant can hold objects with both hands, puts objects inthe mouth,
and babbles when spoken to.

Can grasp objects and play with theirtoes. Teeth begin to eruptat this point.

6 Usuallyhave two lower front teeth and begin to chew finger food. They are able to hold a bottle for
feeding and can sitalone for shortperiods oftime. By this time, the infant can manipulate small
objects and can vocalize one-syllable sounds.

7 Upper teeth begin to erupt. Infants can respond to their name and begin to show a fear of strangers.
They can transfer objects from one hand to another. They also begin to imitate simple acts and
sounds.

8 Can usuallystand while holding onto something, theyrespond to the word “no,” and cry when

scolded. They can feed themselves finger food and reach with open arms to be picked up. At this
point, the infantis usuallybashful and nervous with strangers.

9 Crawls and can pull to a standing position. Theycomply with simple verbal commands and can
communicate with hand gestures (such as waving). They also show a fear of being left alone, which
may be evident when going to bed.

10 Can walk while holding onto objects, will look under objects for a toy, and can pullthemselvesto a
sitting position. Infants are also aware of theirown names bythis age.
11 Can stand momentarilyand can play interactive games using bodylanguage. Theyalso

communicate disapproval byshaking their head “no.”

12 Begins to walk with help and can hold a cup for drinking. Demonstrates emotions such as angerand
affection, and cling to parents in unfamiliar situations.

Toddler growth and development—one to three years
Physical growth is not as rapid during the second year of life as it is during the first year; however,
the rate of development increases dramatically.

At one year, visual acuity is fairly well established. Between the ages of one and two years, toddlers
grow approximately four to five inches. Fine muscle coordination and gross motor skills improve
during the toddler years. Atabout 18 months, they canwalk up stairs with assistance and pick up
small objects and place them in a receptacle.

Several other things also occur with toddlers at the two-year point:
e Can be expected to weigh four times the birth weight.

e Lose most of their “baby look™; they are usually chubby, with relatively short legs and a large
head. They have a protruding abdomen, which flattens as the child grows and the abdominal
muscles develop.

e Canuse aspoon correctly, are able to run, balance on one foot, and ride a tricycle.

Toilet training is a major developmental task for the toddler. Bowel and bladder control is directly
related to the development of the central nervous system. By three years, most children are toilet
trained, although they may still have accidents while playing or during the night.

Speech and language skills begin to increase by age three. Speech becomes clearer, and the
vocabulary increases as words are learned by imitating others. Toddlers understand more words than
they use and are capable of constructing two- to three-word sentences. They begin to play alongside
other children but not with them. They are very possessive and do not agree with the concept of
sharing. The word “mine” is used frequently. Temper tantrums are the way toddlers deal with
frustration. They often respond to discipline by kicking and screaming.
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At three years, the integration of visual and neuromuscular mechanisms is fairly well developed. This
allows a child to look away from an object prior to reaching out and picking it up. Also, the senses of
hearing, taste, smell, and touch become more developed and associated with each other. Hearing in
the three year old is at adult levels. Touch is extremely important to toddlers; they are often soothed
by tactile sensations.

Preschool growth and development—three to six years

The preschool stage is characterized by less physical growth than the toddler stage. Both gross and
fine motor skills are fairly well developed. In this stage, the child shows increased independence and
intellectual development. Preschoolers are less quarrelsome than the toddler; they are developing a
sense of right and wrong, and they usually try to comply with the rules.

Growth is steady but slow at this stage. Height usually increases by two to three inches per year and
weight increases about five pounds per year.

At three years old, play is very important. They usually play in a group of two or three children and
are able to share toys. They play simple games and can follow simple rules. They may create
imaginary playmates if there is no one to play with. They may also begin to imitate adults by playing
“house” and “dress-up.” Three-year-olds also begin to understand time and begin to speak in the past,
present, and future tenses. They become less fearful of strangers and can tolerate separation from their
primary caregiver for short periods of time. At age four, children can hop, skip, jump, and catcha
ball. They can lace their shoes, draw faces, and try to print letters. Four-year-olds can bathe with
supervision and take care of toileting needs with some help. Their vocabulary increases to about
1,500 words. They ask numerous questions and exaggerate whentelling stories. They can sing simple
songs, count to (at least) three, and name a few colors.

At four years, children tend to verbally attack others by teasing or tattling on them. They may also
physically attack others. They are proud of their accomplishments but can be very moody. They have
a strong preference for the primary caregiver of the opposite sex, and rivalries exist between siblings.

At five years, coordination continues to develop. These children can jump rope, skate, dress, and
bathe. They can print a few letters and numbers and their first name. The ability to communicate also
increases. VVocabulary consists of about 2,100 words. Sentences now consist of six to eight words,
and more meaningful questions are asked. They may request definitions for unfamiliar terms and try
to participate in conversations. Five-year-olds can name the days of the week, the months, and four or
more colors. They are more responsible, truthful, and quarrel less. They strive to do things the right
way and begin to develop manners. These children also enjoy simple games. They enjoy adults during
play and have a greater interest in watching television. They also enjoy spending time with their
parents as well as activities such as housecleaning, shopping, yard work, and sports. They are more
tolerant of younger siblings and are usually protective of them. Although they have fewer fears, they
may experience occasional nightmares.

Middle childhood growth and deve lopment—six to eight years

Physical growth during this stage is rapid. School is the greatest event that takes place during this
stage. The child is exposed to a whole new world with new values, ideas, and challenges. Height
increases at a rate of one to two inches per year, and weight increases at a rate of three to six pounds
per year. Body proportions continue to change and become more adult-like. Body fat decreases and
muscle and bone mass increase. Primary teeth are replaced by permanent teeth.

Atsix years, children have a vocabulary of about 2,500 words. They know all the letters of the
alphabet and can usually read and spell. They play well with others but prefer playing with children
of the same sex. Their play interest includes collections, cards, paints, games, and so forth.

At seven years, excellent eye-hand coordination is evident. Children learn to write in cursive rather
than print. They enjoy quiet time alone and are more serious and concerned about being liked by
other children. They are very sensitive and do not like being teased or criticized; they enjoy school
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and learning, especially reading; and their play activities include swimming, biking, working puzzles,
and playing ball.

At eight years, children continue to be physically active. Movements become faster and more
graceful. The process of learning continues to develop as they become curious about science, history,
geography, and so forth. Social opportunities with peers are enjoyed. This age group has interests in
fads, opinions, and activities involving peer groups. Eight-year-olds develop manners, relate well to
adults, and participate in adult conversations. They are also friendly and affectionate.

Late childhood growth and development—nine to twe Ive years

Late childhood is also known as preadolescence. During this stage, males grow at a rate of one inch
per year and gain about three to four pounds per year. Females grow at a rate of about two inches per
year and gain between four to five pounds per year. Body movements are more graceful and
coordinated, and there is an increase in physical skKill.

The developmental tasks are similar to middle childhood; however, the preadolescent is expected to
be more mannerly and refined. By age 12, the child uses about 7,000 words and can understand about
50,000 when reading. Interest in science, history, and geography continues and the use of reference
books, such as the encyclopedia and dictionary, increases.

The preadolescent begins to question the authority of adults and often rebels against authority. The
peer group is the center of the preadolescent’s activities. The group influences the attitudes and
behaviors of the child. They still prefer companions of the same sex; however, the association
between girls is stronger than that of boys.

Adolescent growth and development—12 to 20 years

Adolescence is the stage of life between school age and adulthood. The adolescent is neither a child
nor an adult, yet has characteristics of each. Itis a period of growth, change, and emotional crisis.
This is usually the period of separation from the parents and the establishment of lifetime goals.
Adolescence is the last period of significant physical growth during the lifetime of a person. You
grow in height and weight and mature sexually.

Usually, females have entered into puberty by age 12, but boys usually enter puberty around age 13.
Body changes begin to occur due to the onset of puberty. Girls begin to develop breasts, the pelvis
broadens, and fat appears on the hips and chest. Boys show fewer signs of maturing sexually at this
time.

Some females may experience the onset of puberty as early as 10 years of age; most begin at age 12.
This period is marked by menarche, the beginning of menstruation. Secondary sex characteristics
appear, including increase in breast size, the appearance of pubic hair, and a slight deepening of the
voice. During this stage, girls grow an average total of two to eight inches and gain anywhere from
15-50 pounds. They usually stop growing around age 18, but some will continue to grow until 21
years of age.

Puberty in males is signaled by nocturnal emissions, which occurs during sleep when the penis
becomes erectand semenis released. Other secondary sex characteristics begin to develop, such as
the appearance of facial hair, axillary hair, hair on the arms, chest, legs, and deepening of the voice.
During this stage the male will grow an average total of four to twelve inches and gain about
15-60 pounds. The male will usually stop growing around age 21, but some may continue to grow
until age 23.

The adolescent is often awkward and clumsy. This is due to the uneven growth of muscles and bones.
As the muscles and bones develop, so do more graceful and coordinated movements.

Emotions vary in the adolescent from high to low. They can be happy one minute and sad the next.
Teenagers begin to control their emotions as they progress toward adulthood.
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Adolescents need to become independent of adults, especially parents. Many work towards adulthood
by having a part-time job, baby-sitting, and dating. Adolescents usually begin dating at this time and
become more concerned with personal appearance. They spend a lot of time talking to friends on the
phone, listening to music, and reading popular magazines. They still need guidance, discipline, and
support from parents, although arguments and disagreements are common at this stage of
development. Teenagers often would rather be with their peers than with their parents.

Adolescents begin to think about careers and college. Their interests and skills influence the choice of
further education or seeking employment. Many social factors influence adolescents, such as parents,
friends, television, culture, and school. In cases of troubled teens, common problems may include
alcoholism, drug abuse, unwanted pregnancy, and criminal acts.

Normally, atthe end of this stage, adolescents have developed into young, self-sufficient adults. They
usually are totally emancipated from parents and have established goals and individual lifestyles.

Young adult growth and development—20 to 40 years

During this stage, the young adult continues to mature physically and emotionally. One of the main
goals in young adulthood is choosing a career or occupation. Many career choices involve extensive
education. The young adult may still be in school when he or she reaches this stage. Education
enhances employment opportunities and helps to ensure economic stability. Entering a career usually
means starting at the bottom and working upward. The young adult is faced with proving his or her
abilities to older adults.

Another goal for the young adult is choosing a partner. Most young adults need to feel a sense of love
and belonging that comes from having a long-term relationship. Many factors influence the selection
of a partner, such as age, interest, religion, and most importantly, love. These two people must work
together to build a loving relationship based on trust, respect, caring, and friendship. Most couples
decide to have children. They must agree on child-rearing practices and discipline methods. Starting a
family involves a major change in lifestyle, and both must be ready to accept these changes.

During young adulthood many changes occur, both mentally and physically. After age 30, some
physical deterioration will start, but it is usually gradual and not very noticeable. At the end of this
period, young adults are close to accomplishing the goals of youth. They have made their place in
society and are ready to move toward the next stage of life.

Middle adult growth and development—40 to 65 years

Middle adulthood is usually a time when people look back at the goals that have been accomplished
so far. The adult is now mature mentally and physically. He or she has usually met most of his or her
goals and now must guide others in doing the same.

During this time, many physical changes begin to occur. The hair begins to turn gray. Metabolism
slows, resulting in a potential weight problem. Women experience menopause, which is the cessation
of menstruation. They can no longer bear children. Calcium loss is common among women in this
age group. Men experience a decrease in hormones, which can lead to a decrease in sex drive as well
as thinning of the hair.

Adults have more time for themselves during this stage. Their children are growing up or have
already grown up. Another factor middle adults may have to contend with is caring for elderly
parents. This may result in the parents either moving in with them or possibly being relocatedto a
nursing care center.

Late adult growth and development—~65 years and older
An increase in life expectancy has led to the creation of gerontology, which is the scientific study of
the problems of aging. This science includes biological, psychological, and sociological aspects.
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A change in the appearance and the texture of the skin is a normal process of growth. The skin of the
elderly person is usually thin and delicate and extremely sensitive to trauma. Proper skin care for the
elderly is very important. As the aging process occurs, there is a normal loss of subcutaneous (SC) fat
near the skin surface. The loss of fat and the hardening of small arterioles cause the skin to become
wrinkled. Decreases in blood supply and a gradual atrophy of the sweat glands and excretory
functions result in the skin becoming dry and more susceptible to infection.

Another physical change is the decline in stamina. With age, all body cells change and undergo
progressive deterioration. Body tissues gradually become less active. Unused muscles begin to
atrophy and contribute to the decline of physical stamina.

There are also changes in the blood vessels. A loss of elasticity and/or the buildup of fatty deposits
will limit the amount of oxygen that can get to the cells. The veins lose their strength, and valves
weaken and often become distended. The loss of muscle tone and reduced physical activity will also
affect the efficiency of the vessels. It is unknown if the changes that occur are due to simple aging or
some other pathological cause. Some contributing factors may include trauma, obesity, malnutrition,
and stress.

Psychologically, the aging adult needs respect, security, and self-esteem. The elderly need to feel
appreciated and valued by others. There may be many emotional adjustments that the elderly have to
deal with, such as the death of a spouse, children, or friends. Socioeconomic losses and the loss of
health are also major psychological adjustments the elderly have to make.

Self-Test Questions

After you complete these questions, you may check your answers at the end of the unit.

009. Basic human needs

1. According to Maslow’s “Hierarchy of Needs” theory, in what category would the ability to breath
without problems be located?

2. What vitamins are necessary for RBC production?

3. What lipids are found in blood plasma?

4. Which type of lipoprotein has characteristics of having relatively high concentrations of
cholesterol?

5. Whatis the minimum number of times ROM exercises should be performed?

6. Shelter is a consideration that falls into which need category?

7. What s the third level of needs on Maslow’s Hierarchy?
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8. Which need is satisfied when people are able to establish and maintain meaningful relationships?

9. What need relates to how others feel about you?

10. Define self-actualization.

010. Human growth and development
1. During what stage of life does the development of stable sleep patterns occur?

2. During late childhood, how many words are children capable of understanding?

3. What ages are included in the adolescent stage?

4. Atwhat stage of life does physical deterioration start?

5. During what stage of life do people often look back at the goals they have accomplished so far?

2—-2. Factors that Influence Health

Health is more than a concept. Humans are concerned continually with their own health and the
health of family and friends. This section addresses human health in a broad perspective, with the
primary focus on various factors that influence health.

011. Environmental and community health

Some factors that negatively influence health are inborn, or hereditary. Some of these factors are not
within the specific control of individuals, while others are controllable. This lesson addresses one of
the categories of factors that influence health.

The health of patients, as it relates to both the environment and community health, includes areas
where health care personnel can be very involved. Many programs currently in place are designed to
help ensure a healthy patient care environment. Additionally, programs designed to improve the
health of a community are relied on as important preventive programs.
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Environmental health

Florence Nightingale established a theory linking health with various environmental factors. This
theory links the health of patients to the following controllable factors:

Environmental Factor

Examples of Ensuring a Positive Outcome in Patient Care Areas

Pure or fresh air

Keep windows closed; allow hospital ventilation system to filter air.
Promptly reportventilation system problemsto proper personnel.
Perform routine cleaning to eliminate unfavorable odors.
Assistpatients to designated outside break areas when permitted.

Pure water

Ensure patientwater pitchers are only used for drinking water.
Keep water pitchers covered.
Change drinking water in pitchers frequently.

Efficient drainage

Remove waste from patientrooms/care areas frequently.
Remove food trays promptlyafter use.
Promptly reportmechanical problemsin restrooms to proper personnel.

Cleanliness

Ensure patienthygiene standards are strictlyadhered to.
Ensure health care workers and patient\visitors are in observance of proper
hygiene.

Ensure appropriate aseptic techniques and infection control guidelines are
followed.

Light (especially
direct sunlight)

Open curtains to patient rooms during daytime when practical.

Ensure adequate and proper functioning of artificial lighting in patient
rooms/care areas.

Additionally, Nightingale stressed the following important considerations that health care personnel
must be attentive to when caring for patients:

Environmental Factor

Examples of Ensuring a Positive Outcome in Patient Care Areas

Keeping the patient
warm

Reportany heating/cooling problemsto proper personnel; follow-up to ensure
necessaryadjustments are made.

Ensure adequate hospital clothing is available for patients.
Use blankets as needed.
Eliminate drafts wherever possible.

Maintaining a noise-
free environment

Keep doors to patientrooms/care areas closed whenever possible.

Ensure patients are notdisturbed by other patients, visitors, or televisions in
combined or adjacentrooms.

Enforce quietnessin hallways.

Proper diet

Ensure dietorders are followed.

Reportpatient preferences and/or dissatisfaction with meals to proper
personnel.

Ensure dietcounseling byproper personnel is offered when needed.

These tables include (but are not limited to) examples of how a medic can be actively involved in
promoting a healthy patient care environment.

Medics are able to directly control some of the factors listed above. For those factors not within the
direct capability to be controlled by medics, it is important to keep in mind that responsible offices or
departments must be notified through proper channels when problems are noted.




2-15

Community health

Various programs have been established that are designed to enhance the health of a community as a
whole. When a community is healthy, the chances of a widespread health problem diminish greatly.
The Office of the Air Force Surgeon General is very concerned with implementing programs that can
improve the health of the military community. The same is true in the civilian sector.

Heart disease is a major concern of the health care community. A key point to keep in mind is that
various factors can increase the risk of heart disease in an individual. Some of these factors cannot be
controlled, while others can. The following table includes a list of these factors:

Risk factors that cannot Risk factors that can be changed Additional contributing risk factors
be changed or modified in most cases that may or may not be changed
e Heredity o Cigarette smoking e Diabetes
e Gender e Highblood pressure e Obesity
e Age e Highbloodcholesterol e Stress
e Physicalinactivity

Some of the programs that are in place to help ensure a healthy community are shown here in this
table:

Programs Include

Work-site wellness Such programs as air qualitystandards for businesses and classrooms, high
blood pressure screenings, and specific accidentprevention programs.

Environmental control The monitoring and/or eliminating of various environmental hazards. Specifically,
contaminants thatcan have an adverse effect on air, food, or water are concerns
that are addressed in an environmental control program.

Health and wellness One of the mosteffective ways to educate a population on health hazards and
healthy living is through the dissemination ofinformation. This technique includes
the use of pamphlets, advertisements, or briefings designed to increase the
awarenesslevel of a communityon various topics.

Health and wellness programs are designed to accomplish two major objectives.
The firstis to assess the currenthealth status of people. This includes an
assessmentofcurrentfitness status, as well as anindividual medical history (to
include a history of iliness in the family). The second major objective ofa health
and wellness program is to provide the education and services necessaryto help
an individual attain and maintain the healthiestlifestyle possible.

Immunizations Are importanton both an individual and communitybasis. Advances in medicine
have made it possible to immunize people againstmanydiseases thatcould
either be life threatening or costly to treat if incurred. Additionally, the outbreak of
many contagious diseases can be prevented through established immunization
programs.When the majorityof a population is adequatelyimmunized, the risk of
an epidemicis reduced greatly.

012. Nutrition and exercise

Nutrition and exercise play key roles in an individual’s health. Various trends can be predicted for a
population as a whole by studying the nutritional and exercise habits of the people. For example, in a
country such as the United States, an over consumption of fast foods is believed to be a contributor to
the amount of heart disease cases due to an unhealthy intake of fats and preservatives. Some
third-world nations that are continuously plagued by a lack of available nutrition will often exhibit a
lowered life expectancy for their populations.

Nutritional facts

Just as a car needs gasoline as its fuel to run the engine and warm the car, the body must be furnished
food (calories) to meet energy requirements and release the heat required to regulate body
temperature. A calorie is a unit for measuring energy. We use kilocalorie (1000 calories) when food is
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involved because the amount of energy is much larger; therefore, the energy requirement of the body
is expressed as the caloric requirement.

The calorie is the name of a standard unit for measuring heat. Since the body produces heat in energy
expenditure, the calorie can serve as a measure of energy metabolism. In addition, each food has a
specific caloric value: a given amount of a specific food will yield a certain amount of heat when
metabolized (burned). This amount of heat is expressed as the number of calories. Of all the nutrients;
proteins, fats, and carbohydrates are the only ones that the body can use as fuel sources; however,
other nutrients must be present to release the energy. The caloric yield of a food depends on how
much of these four nutrients it contains. The following values have been established:

e One gram of protein yields four calories.

One gram of carbohydrate yields four calories.
One gram of fatyields nine calories.

One gram of alcohol yields seven calories.

Nutrients

Nutrients are substances provided primarily by food. Nutrients function to provide heat or energy (as
we have seen), build and repair tissue, and regulate life processes. Failure to include evenone of these
nutrients in the diet can result, over a period, in severe health problems that may eventually lead to
disease and/or death. In this section, we discuss carbohydrates, proteins, fats, vitamins, minerals,
water, and fiber. We will also review the recommended allowances and identify sources for obtaining
these nutrients.

Nutritional guidelines are established to help provide information pertaining to the body’s essential
needs. Water is the body’s most basic and necessary nutrient.

Guide to healthy eating
The United States

Department of THE
Agriculture (USDA)
developed a chart that EATING RIGHT

shows the six food groups PYRAMID

. -
and serves as a guide for A GUIDE TO DAILY ats

; . Oils,
making healthy eating FOOD CHOICES Pl
choices (fig. 2-2). Even USE SPARINGLY

though this chart is Milk, Yogurt Meat, Poultry, Fish

and Cheese
Group

Dry Beans, Eggs

several years old, it serves and Nuts Group

as agood visual aid of
what an average diet
should look like.

Adjustments to the ‘éfgﬁ'ab’e Fruit
servings per day and P Group
serving size should be

made for individuals who

are participating in

intensive athletic or o
physically demanding Rice and
activities (hence the large ot

amount of calories in the =3
MREs [Meals Ready to 8-11 SERVINGS
Eat] used in field

situations). Adjustments Figure 2-2. Food groups pyramid.

S195-5188047
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also need to be made for individuals with certain diseases (like diabetes), age and other factors. New
food pyramids show a different design but the basics remain the same except more emphasis is given
to tailor its use for each person. Everyone should want to know what and how much they should eat!
The new 2005 Food Guide Pyramid guidance, referred to as “MyPyramid”, will give you all the
information you need. The pyramid calls for eating a variety of foods to get the nutrients you need
and, at the same time, the right amount of calories to maintain a healthy weight while considering
your physical activity level. The pyramid also focuses on fat and sweets because most American diets
are too high in fat.

Certain nutrients are essential for the body. These nutrients are obtained through proper consumption
of the various food groups. An over consumption of any one nutrient can be unhealthy, as cana
deficiency in certain nutrients. A proper balance is the goal of any dietary plan. The following table
contains information on the basic nutrients:

Nutrient Facts

Protein e  All cells contain protein.
e Essential fortissue growth and repair.

e Sources include dairyproducts, meat, fish, poultry, eggs, cereals,some
vegetables, and nuts.

Carbohydrates e Essential forenergy.
e Provide fiber for bowel elimination.
e Sources include fruits, vegetables, cereals, breads, and sugar.

Fats e Provide energy.

e Assistinmaintaining bodytemperature.

e Helpthe bodyto metabolize some vitamins.

e Sources include dairyproducts, eggs, meat, oils, and nuts.

Vitamins e Various vitamins neededto assistin bodymetabolism.
e Each vitamin necessaryfor specific body functions.
e Vitamins A, D, E, and K can be stored by the body wheningested.

e Vitamins B and C cannotbe stored by the body and mustbe ingested
daily.

e Sources vary depending on the vitamin.

Minerals e Necessaryto supportvarious body functions.

e Especiallyessential forbone and tooth formation, muscle function, nerve
function, and fluid balance.

e Examplesinclude calcium,iron, sodium, potassium, phosphorus,
magnesium, chloride, and zinc.

e Sources vary depending onthe mineral.

In addition to the nutrient content of food, new dietary guidelines focus on activity, moderation,
personalization, proportionality, variety and gradual improvement.

e Activity: Reminder that daily physical activity is important to health.

¢ Moderation: Focuses on eating larger amounts of foods with little or no solid fats or sugars
added. These types of foods should be selected over foods higher in fats and sugars.
However, the more physically active you are, the more you can fit these foods into your diet.

e Personalization: Used to identify that each person needs to formulate a diet and exercise
program tailored to that person’s body and goals.

e Proportionality: This refers to the amount of food a person should eat from each of the food
groups.

e Variety: Foods from all food groups is required for a healthy diet.
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e Gradual Improvement: Each person should take small steps to improve his or her diet,
exercise and lifestyle each day. See figure 2—3 for an example of daily food choices.

A Pattern for
Daily Food Choices

FOOD GROUP

SUGGESTED DAILY SERVINGS

WHAT COUNTS AS A SERVING?

Breads, Cereals, and
Other Grain Products

6-11 servings from entire group

(nclude saveral servings of whole-

1 slice of bread
1/2 hamburger bun or

Whole-grain grain products dally.) english muffin
Enriched A small roll, biscuit, or muffin
3 to 4 small or 2 large crackers
1/2 cup cooked cereal, or pasta
1 ounce of ready-to-eat breakfast cereal
Fruits 2 -4 servings from entire group awhole frult such as a medium apple,
Citrus, melons, berries banana, or orange
Other fruits a grapefruit hal
amelon wedge
34 cup of juice
1/2 cup of berries
1/Z cup cooked or canned fruit
1/4 cup dried fruit
Vegetables 3-5 servings from entire group 1/2 cup of cooked vegetables
Dark-green leafy (Include all types regularly; use dark- 1/2 cup of chopped raw vegetables
Deep-yellow green leafy vegetables and dry beans 1 cup of lealy raw vegetables, such as
Dry beans and peas (legumes) and peas several limes a week.) lettuce or spinach
Starchy
Other vegetables

Meat, Poultry, Fish, and
Alternates (eggs, dry beans
and peas, nuls, and seeds)

2-3 servings from entire group

Amounts should total 6 to 7 ounces of

cooked lean meat, poultry, or fish a day.
Count 1 egg, 12 cup cooked beans, or 2
tablespoons peanut butter as 1 ounce of meat.

Milk, Cheese, and
Yogurt

2 servings from entire group
(3 servings for women who are
pregnant or breastfeeding and for
teens; 4 servings for teens who are
pregnant or breastfeeding)

1 cup of milk

& ounces of yogurt

1 1/2 ounces of natural cheese
2 ounces of process cheese

Fats, Sweets, and
Alcoholic Beverages

Avoid too many fats and sweets. If you
drink alcoholic beverages, do so in
moderation.

Figure 2-3. Daily food choices and portions.

In a hospital setting, medics need to be aware of the various types of diets ordered by providers for
their patients. The reason this is important is to ensure the diet ordered matches the food actually
being served to the patient. The following table lists the most common types of therapeutic diets.
Application of the type of diet required is covered in volume 2, but this will give you a quick
overview of what the common types of diets a provider may recommend.

Diet

Common Reasons

Diet Content Examples

Clear liquid .

Acute illnesses

e Nausea

e Vomiting

e Postoperative patients

Water, tea, black coffee, carbonated
beverages, juice,jell-o, broth, hard candy,
and/or popsicles.
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Diet Common Reasons Diet Content Examples
Full liquid e Progressionfrom clearliquid diet All clearliquid dietitems, soups, strained fruit
e Nausea and vege_table juices, milk, creamed cereals,
. custard,ice cream.
e Vomiting
e Fever

e Stomachirritation
e Postoperative patients

Mechanical e  Progressionfrom full liquid diet All liquids, pudding, poached eggs, meat,
altered (soft) | Gastrointestinal disorders chicken, fish (not fried), mild cheeses, bread,
e Infections crackers, cooked vegetables, fruits (without

i o ) skins).
e Patients with difficulty chewing
Fiber residue | ¢ Diarrhea All liquids, jell-o; pudding, custard, ice cream,
restricted e Colondisorders bread, crackers,some cereals, rice, some
(low fiber) cheeses, fruit (without skins), cooked
vegetables, plain pasta, poached eggs.
High fiber e Constipation All fruits, all vegetables, wheatbread, whole
residue e Colondisorders grain cereals, dairy products, meats, fried
foods.
Bland e Ulcers No fried foods, breads, cereals, jell-o,
e Someintestinal disorders pudding, butter, cakes, cookies, some fruits
. and vegetables (withoutskins), juices, pasta,
* Gallbladde.rdlsorders. some soups, rice, poached eggs, lean meat.
e Postoperative abdominal surgery
Calorie e Weightreduction Lean meat; low fat/low carbohydrate foods.
restricted
(low calorie)
High calorie e Weightgain Increased dietin all foods.
e Some thyroid disorders
Fat e Heartdisease Skim milk, breads, cereals, jell-o, broth,
Restricted e Gallbladderdisorders soups, margarine, cottage cheese (no other
(low fat) cheeses), fruits, vegetables, rice, pasta,

e Liverdisorders
o Difficulty with fat metabolism

potatoes, meat, chicken, fish (not fried).

High protein e Someliver disorders Milk, eggs, cheese, breads, cereals, meat,
chicken, fish, green leafy vegetables.

e Burns
e Highfever
e Infections
High iron e Anemia Some breads and cereals, dried fruits and

beans, green leafy vegetables, peanutbutter,

Bloodloss
* eggyolks, liver, lean meat, shellfish.

e Females (during reproductive years)

Sodium e Heartdisease Fruits, vegetables, unsalted butter, restricted

restricted o Somekidney disorders use of saltduring cooking, no table salt.
e Fluidretention
Diabetic e Diabetes mellitus As determined by provider on a case-by-case

basis.

Factors that affect nutritional habits

Health care personnel should be aware that various factors can and will affect the eating habits of
patients. There are six general areas that should be taken into consideration:

Factor Considerations

lliness e Thoughdesire (appetite) to eat decreasesduringillness, nutritional needs also increase.
e Special diets often required.
e Various methods offeeding are often implemented to provide nutritional needs.
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Factor Considerations

Appetite e Hungermayresultin over consumption offoods.
e Anorexia (loss ofappetite) can have adverse effects on the body.

Personal e Mostlikes/dislikes established during childhood.

preference [ ¢  Somefoods maybe avoided if associated with illnesses (such as historyofabdominal pain

associated with afood, allergic reactions, and so forth).

Culture e Types of foods regularlyconsumed are often influenced by an individual’s ethnic background.
e Food preparation habits often vary between different ethnic groups.

Religion e Somereligious beliefs observe complete or occasional avoidance of certain foods.
e Method of food preparation is sometimes a necessaryconsideration.

Fnancial e Lowerincomes often resultin an over consumption ofless expensive foods containing

status carbohydrates and an under consumption offoods containing proteins, vitamins, and minerals.

Physiology of nutrition

There are many factors that affect the natural reactions of the body. The functions of the cells are the
primary factors that affect the body’s processes. A proper diet is one of the building blocks for the
body’s ability to perform properly. Our ability to ingest, digest, use, and eliminate all of the nutrients
we need are vital.

There are two major components of nutrients we will discuss: vitamins and minerals. Both of these
are vital to the body’s ability to process the chemicals needed for cellular functioning, healing,
fighting disease processes, and interacting with medications. Vitamins are organic compounds that
must be present in order for the normal metabolic process to occur in the body. It is essential to obtain
these nutrients through a well balanced diet because the body cannot synthesize adequate amounts for
normal metabolic process. Our focus will be to understand how these nutrients interact with the cells
functions and the disease/injury processes.

Water-soluble vitamins

Water-soluble vitamins help to oxidize carbohydrates, lipids and proteins. Since the B vitamins often
occur together in foods, they are usually referred to as the vitamin B-complex. Previously you learned
that B-complex vitamins such as B;, and folic acid are important to the circulation of oxygen through
the body, but how does the body obtain these vital nutrients?

B,,—cobalamin, cyanocobalamin

Vitamin By, is found in meats (especially found in organ meats), poultry, eggs, fish, shellfish and
some dairy like milk and cheese. B, is normally absorbed through the stomach, but it is dependant on
a particular substance (intrinsic factor) secreted by the gastric mucosa. Without the intrinsic factor for
the B, to bond the body would be unable to produce RBCs and synthesize DNA. The recommended
daily allowance (RDA) of By, is 2 ug.

Deficiencies can be associated with patients who have had intestinal resections, gastrectomy, or other
malabsorption syndromes. VVegetarians must also be aware of their B, intake, and supplement their
diet depending on the degree of their vegetarian diet. As previously stated, most B, deficiencies are
generally due to the lack of absorption because of the body’s inability to produce the intrinsic factor,
not from a lack of diet.

Patients without a confirmed deficiency should avoid taking large doses of vitamin Bj,. Taking mega
doses may mask symptoms of folic acid deficiency or cause complication in patients with cardiac or
gout conditions.

Clinical signs of B, deficiency are noted at first by pernicious (£-destructive) anemia and weakness.
Progressing deficiency can proceed to include poor muscle coordination, numbness of hands and feet,
mental confusion and irritability.
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The treatment for pernicious anemia consists of monthly injections of vitamin B, ordered by the
health care provider. With any medication order there are side effects and interactions to consider.
Side effects of B,, treatment include transient diarrhea along with itching and urticaria. Interactions
may occur with anticonvulsants, slow-release potassium and colchicine (gout medication), and
aminoglycoside antibiotics (gentamicin).

Folic acid—folacin

This vitamin is included in the B-complex group and is found in leafy and green vegetables, avocado,
orange juice and kidney beans. One problem with many of these sources is the loss of the folic acid

vitamin when they are cooked or reheated. The RDA is 400 ng per day.

Folic acid is used for the production of RBCs and DNA synthesis. During pregnancy, a deficiency of
folic acid can result in neural tube defects, such as spina bifida in newborns. Some of the reasons an
individual may be deficient are due to improper diet or disease processes that affects the liver:
cirrhosis from chronic alcoholism, or renal dialysis. Malabsorption syndromes, malnutrition, or an
intestinal obstruction may also cause a deficiency of folic acid.

Some of the signs of a folic acid deficiency may include sore mouth, diarrhea, and anorexia resulting
in weight loss, irritability, and possible behavior disorders. Many disease processes have these same
signs, so individuals are advised not to take folic acid supplements in doses larger than 0.4 mg

(400 ug) found in most over the counter (OTC) vitamin supplements. When taking high dose
supplements with out the diagnosis of a folic acid deficiency, there is the potential of masking other
disease processes as pernicious anemia.

Individuals diagnosed with a folic acid deficiency may be treated with a 1mg dose prescription.
Taking more than the recommended amount of folic acid without proper diagnosis, could interfere
with the action of other medications as Phenytoin (Dilantin), estrogen, as found in oral contraceptives,
or barbiturates.

Bs—pyridoxine

Vitamin Bs is a coenzyme used in the metabolism of carbohydrates, fats, protein, and amino acids. It
is found in meats, legumes, peanuts, whole-grain cereals, and bananas. When calculating daily doses
of Be you must account for foods that are frozen, as there is a significant loss of Bs through this
process. The RDA is 1.6-2 mg/day.

Deficiencies of Bg, as with folic acid deficiencies, are from improper diet or disease process affecting
the liver. Additionally, some drug interactions cause a deficiency of Bs. Individuals taking isoniazid
(INH) therapy (used to treat tuberculosis) or even oral contraceptives may incur B deficiencies. Bs
supplements should not be taken without proper diagnosis of a true deficiency. Patients under
treatment for Parkinson’s disease who are taking the medication levodopa (L-dopa) must be cautioned
not to take Bs supplements. The B vitamin will antagonize the action of the levodopa producing
more problems with the disease.

Signs of deficiencies caninclude peripheral neuropathy, oral sores, and depression in adults. For
infants, the deficiency may cause seizure activity. An overdose of Bg in pregnant women may result
in seizures among newborns with a developed need for greater than normal amounts of pyridoxine.

Vitamin C—ascorbic acid

Vitamin Cis found in fresh fruits and vegetables, especially citrus fruits, tomatoes, and broccoli. It is
unstable when exposed to heat or air or combined with alkaline compounds such as antacids. Adding
baking soda to vegetables for color retention also destroys the vitamin C. The RDA for vitamin C is
60 mg/day.
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Vitamin C is necessary for cellular metabolism and intercellular substances (collagen), and normal
growth of teeth, gums and bones. Without this vitamin, iron is unable to be absorbed by the body
properly. Vitamin C also promotes the healing of wounds and bone fractures.

Deficiencies are associated with pregnancy and lactation, gastrointestinal (Gl) track diseases,
smoking and, of course, a lack of fresh fruits and vegetables in an individual’s diet. Other
contributing factors to a deficiency are alcoholism, infections, and even stress.

Signs of a vitamin C deficiency (scurvy) can include muscle weakness and cramping, lethargy, sore
and bleeding mouth and gums, or degenerative changes in bone and connective tissue. As with any
suspected deficiency, a health care provider must confirm it and order treatment as necessary.

Treatments of scurvy, when ordered, follow different regiments based on the individual’s disease
process affecting the body. Ascorbic acid is available in capsule, tablets (extended release), solution,
chewable or injection form. Treatment for scurvy may be seen in the following regiments. For adults
with no other disease processes, a dose of 100-250 mg twice a day (BID) may be ordered. A
hemodialysis patient may follow 100-200 mg daily. For an infant, beginning at two to four weeks of
age, the dosage would be 20-50 mg per day. Many adults use vitamin C as a preventative supplement
or treatment of a common cold with a dose of 1-2 mg per day. Since ascorbic acid is a water-soluble
vitamin, more than 50 percent of the dose is excreted in the urine for individual with out any kidney
disease processes. Excretion of less than 20 percent of the dose over a 24-hour period may also
suggest a vitamin C deficiency. Doses larger than that recommended are to be avoided because of the
potential side effects.

Side effects of large doses of vitamin C, more than the RDA, caninclude increased urinary calcium;

(precipitating kidney stone formation) and elevated uric acid levels (precipitating gouty arthritis). It

may produce side effects of heartburn, abdominal cramps, nausea, vomiting and diarrhea. Consistent
large doses of vitamin C canalso produce a false negative result for colon cancer testing.

Vitamin C may interact with other medications an individual is currently taking. Taking aspirin with
vitamin C may cause elevated blood level of aspirin in individuals. Individuals taking barbiturates,
tetracyclines, estrogen or oral contraceptives may be required to take a vitamin C supplement.

Vitamin C may not be a vital component for circulation or oxygenation, but without this particular
vitamin the body is deprived of the essential iron needed through out the body. Use the following
table as a quick reference for water-soluble vitamins.

Water-soluble vitamins

Name Food Source RDA
¥ 3
e A
Animal . Plant
Vitamin B 12 Seafood/shellfish, meat, poultry, None 2 ug perday
eggs, milk,cheese

Folic Acid Organ meats Green leafy vegetables, avocado, | 400 ug per day
beets, kidney beans, broccoli,
orange juice

Vitamin Bg Pork, beef, chicken, tuna, salmon | Whole grain cereals,wheatgerm, | 1.6—2mg per day
legumes, peanuts, soybeans,
bananas

Vitamin C None All citrus, cantaloupe, broccoli, 60 mg perday

tomatoes, green peppers,
cabbage, brussle sprouts
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Fat soluble vitamins

Since fat-soluble vitamins dissolve in fats, they are influenced by the same factors that affect lipid
absorption. For example, the presence of bile salts in the intestine promotes the absorption of these
vitamins. As a whole, fat-soluble vitamins are stored in moderate quantities within various tissues,
and because they are fairly resistant to the effects of heat, they are not usually destroyed by cooking
or food processing as are water-soluble vitamins.

Vitamin A—retinol, retinal, beta carotene

Vitamin A is processed in the body from the carotene of plants, especially yellow-orange and dark-
green leafy vegetables. You will find the vitamin in oily saltwater fish, dairy products and eggs. The
RDA is 800-1,000 international units (1U) per day.

Vitamin A is necessary for proper visual function at night, helps in the development of bones and soft
tissue and maintaining healthy epithelial tissue. Many times you will see vitamin A (retinal, retinol)
prescribed for acne, and for promoting the healing of wounds.

Deficiencies of vitamin A may be a result of an obstruction of bile, prolonged infection or fever, the
malabsorption of fats or diarrhea. Vegetables can lose vitamin A due to over cooking in an open
container, as heat and air cause oxidation.

Signs of a deficiency may include night blindness or photosensitivity, slow growth, bone and teeth
deformities, along with impaired hearing. Of course these symptoms alone do not prove a deficiency,
as health care providers must diagnose the deficiency. Once a deficiency is diagnosed, supplements
may be necessary for infants fed unfortified skim milk or mild-substitute formulas, persons with
prolonged infection or fever, or diabetics with hypothyroidism.

Individuals being treated with Accutane (a synthetic vitamin A product), should be cautioned and
have it explained that pregnancy is contraindicated during treatment, as this product can cause fetal
abnormalities. Accutane may also cause increased intracranial pressure, possible liver changes and
other adverse side effects associated with hypervitaminosis A. Symptoms of overdose
(hypervitaminosis A) occur from a greater than 50,000 U (15,000 mcg of retinol) include irritability
and psychiatric symptoms, fatigue and lethargy, along with insomnia and headaches. Acute toxicity is
denoted by increased intracranial pressure, vertigo, and coma. Caution must be taken with individuals
with kidney or liver problems and diabetics.

Vitamin D—calciferol, cholecalciferol, ergocalciferol

This is one vitamin the body is capable of synthesizing in small amounts through the action of the
sunlight on the skin. Not every one lives in a climate where this is possible throughout the year.
Examples include individuals who may live in Washington state, or England, UK. The dietary sources
include fish oils and food products fortified with vitamin D, such as milk and cereals. The RDA is
400 1U/day.

Vitamin D is necessary for the maintenance of normal nerve and muscle functioning. Itassists in
regulating the absorption and metabolism of calcium and phosphorus for healthy bones and teeth,
making it important during pregnancy and lactation.

Signs of deficiency are seen with the rickets disease process characterized by poor teeth and bone
structure; osteoporosis as characterized by loss of bone density. Tetany is another disease process that
is characterized by cramps, convulsions, twitching of the muscles and sharp flexion of the wrist and
ankle joints. Prevention and treatment for vitamin D deficiencies include supplements prescribed such
as calcifediol, calcitriol, or ergocalciferol which are carefully regulated. Some of the symptoms that
may be present with a vitamin D overdose and toxicity include cardiac arrhythmias, vertigo, tinnitus,
kidney damage or kidney stones. Severe symptoms may lead to hypocalcaemia and convulsions. For
individuals with known cardiovascular disorders, kidney diseases, or are pregnant or lactating,
extreme caution must be taken not to exceed the RDA of vitamin D.
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Vitamin D treatment may interact with individuals who are taking digitalis and thiazide diuretics such
as hydrochlorothiazide (HCTZ). Anoverdose of vitamin D may antagonize the actions of these drugs
causing more damage to the individual. An additional interaction is mineral oil; it may interfere with

the intestinal absorption of the vitamin.

Vitamin E

Vitamin E (tocopherol) is abundant in many natural forms. Itis found especially in cereals, wheat
germ, seeds, nuts, vegetable oils, eggs, meatand poultry. The RDA for vitamin E is 30 IU per day.

Vitamin E is necessary for normal metabolism, the protection of tissues of the eyes, skin, liver, and
lungs. It assists in the regulation of vitamin A use and storage. Vitamin E protects RBCs from
damage and decreases platelet clumping. Research is ongoing in the use and benefits of vitamin E
supplements as one of the treatment protocols for the management of early Alzheimer’s disease and
for possibly slowing the progress of such memory loss symptoms. However, the supplement will
neither cure nor prevent this debilitating disease.

Since this vitamin is so abundant, deficiency is related with other disease processes versus a lack of
ingestion of the vitamin. The deficiency is found in association with alcohol abuse, malabsorption
syndromes such as cystic fibrosis, pathologic conditions of the liver and pancreas, and sickle-cell
anemia. Premature infants or low-birth weight neonates have also been found to be susceptible.

The signs of a vitamin E deficiency are not concretely established because of the other disease
processes it is associated with. Premature infants may show irritability, edema or hemolytic anemia.
Adults may show signs of muscle weakness or abnormal lab values with low RBC counts. The sign of
an overdose of the vitamin (1200 1U per day) is more readily seen through prolonged clotting times.
Because of this potential side effect, vitamin E supplements should be discontinued 10 days before
surgery, and should not be taken while on anticoagulant therapy because of the increased risk of
bleeding. Vitamin E interacts with an excessive use of mineral oil, decreasing the absorption of the
vitamin.

Vitamin K—phytonadione

Vitamin K is most often found in green or leafy vegetables. It is also found in cheese, eggs and
vegetable oils. The RDA for vitamin K is 60-80 mg per day.

Vitamin K is necessary for blood clotting. This is prevalent in the use as prophylactic treatment for
newborns at birth. The American Academy of Pediatrics recommends this course of treatment to
prevent hemorrhagic diseases of the newborn. Vitamin Kis also necessary for individuals with
malabsorption syndromes, ulcerative colitis, coumarin overdose, and prolonged use of salicylate and
long-term hyperalimentation antibiotics.

Signs of a vitamin K deficiency are increased clotting time, petechia and bruising, and blood in both
urine (hematuria) and in stool (melena). Treatment is prescribed as phytonadione (Mephyton tabs or
Aquamephyton IM or SC). This course of treatment is only effective for bleeding disorders that are
due to low concentrations of prothrobin in the blood. Itis not effective for bleeding from other causes,
such as heparin overdose or trauma. Use the following table as a quick reference for fat-soluble
vitamins.

Fat-soluble vitamins

Name Food Source RDA
|
Animal Plant
Vitamin A Oily saltwater fish, whole milk, Dark-green leafy vegetables,deep | 800-1,000 IU per
cream butter, cheese, egg yolks, yellow or orange fruits and day
fishliver oils vegetables
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Fat-soluble vitamins

Name Food Source RDA
b, |
Animal Plant
Vitamin D Fish oils, salmon, herring, Fortified cereals 400 IU perday
mackerel, sardines, eggs, butter,
milk
Vitamin E None Vegetable oils, seeds, nuts,wheat | 30 IU per day
germ, cereals
Vitamin K Egg yolk, cheese, liver Vegetable oil, green leafy 60—80 mg perday
vegetables, cabbage, broccoli

Minerals

Carbohydrates, lipids, proteins and vitamins are all organic substances, but dietary minerals are
inorganic elements that are essential to human metabolism. Minerals are usually extracted from the
soil by plants, and we in turn obtain these minerals from the plant food sources or from the animal
sources that have eaten the plants. The correct balance of each mineral is required for the maintenance
of health (chemical balance homeostasis). Minerals are responsible for approximately four percent of
the body weight and are concentrated in the bones and teeth. The two minerals abundant in bones and
teeth are calcium and phosphorus, nearly 75 percent of the body’s minerals. Minerals dissolved in the
body fluids are called electrolytes because they carry positive or negative electrical charges required
for body activities. These activities include simple nerve impulse conduction to the blood formation,
and the beating of the heart.

The principal minerals in the body and their chemical symbols are sodium (Na), chloride (ClI),
potassium (K), calcium (Ca), and iron (Fe).

Sodium and chloride

Both sodium (Na) and chloride (CI) are the principal minerals in the extracellular body fluids.
Through experience we understand that blood contains approximately 0.9 percent sodium chloride,
and the best source of these minerals is through table salt (NaCl).

The sodium element is readily absorbed from foods by active transport, and the kidneys, under the
influence of the adrenal cortical hormone aldosterone, regulate the blood concentration of the sodium.
When this hormone is released, the kidneys reabsorb sodium while expelling potassium.

Like sodium, chloride is widely distributed throughout the body, although it is seen in the highest
concentration in the cerebrospinal fluid and gastric juices. Together with sodium, chloride helps to
maintain the electrolyte balance (homeostasis) and regulate the ph level through the concentration of
extracellular fluids in the body’s cells.

Since these elements are readily available, a deficiency of these minerals is due to starvation or an
extended time of fasting. The signs of a deficiency can be seen through an excessive amount of fluid
loss from bleeding, diarrhea, and vomiting or excessive perspiration.

Treatment consists of intravenous (1V) therapy with the necessary amounts of sodium chloride (NaCl)
according to the need. NaCl can be administered in full strength of 0.9 percent sodium chloride, half-
normal saline solution 0.45 percent sodium chloride, and quarter-normal saline solution 0.2 percent
sodium chloride. With these solutions, other minerals may also be added as required for 1V therapy.

NOTE: Caution is still taken when administering these fluids; fluids must not be added too fast. If
this occurs, a body becomes overloaded with fluid.
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Potassium—K

Potassium tends to be concentrated inside cells rather than in the extracellular fluids. Natural sources
of potassium include meats, citrus, bananas, tomatoes, potato skin, avocadoes, milk peanut butter,
cooked dried beans and peas. Potassiumis necessary to help maintain the intracellular osmotic
pressure and pH balance and normal muscular irritability (heartbeat regulation). Dietary potassium
deficiency is rare, but may occur for other reasons. Insufficient oral intake may be due to anorexia,
weight-reduction diets, or surgery. Deficiency may occur in individuals taking diuretics, long-term
use of corticosteroids or laxatives, or possibly digitalis toxicity. Diarrhea or vomiting, diaphoresis,
diabetic ketoacidosis or kidney diseases may also be associated with a potassium deficiency. Signs
include muscular weakness, paralysis, cardiac arrhythmias, lethargy and fatigue, along with mental
apathy and confusion.

Treatment primarily consists of giving KCL (potassium chloride) via IV postoperatively or for severe
dehydration (diluted according to directions). Potassium is also available through several oral
products as well. They include K-Lyte (tablet or powder dissolved in water or juice and taken after
meals, Micro-K (capsule), or K-Dur or Slow-K (extended-release tablets). Patients may experience
side effects of nausea vomiting or diarrhea, Gl bleeding or abdominal pain through this method but
hyperkalemia is not likely with routine oral administration, unless there is a case of severe renal
impairment.

When administering potassium through an IV treatment, always run the fluid at a slow rate to prevent
phlebitis or pain at the site. When mixing potassium in an IV solution, it must be mixed thoroughly
by inverting and agitating the bag before the solution is hung for administration.

CAUTION: never add potassium to an infusing IV solution as it may result in an overdose of
potassium in the blood, known as hyperkalemia.

Symptoms of hyperkalemia may be identified by listlessness, confusion, weakness or paralysis of
extremities, a fall in blood pressure and/or cardiac arrhythmias with possible heart block. Because of
the action potassium has to the body systems, caution must be taken when administering potassium to
individuals with known cardiac disease, renal impairment, gastric or intestinal ulcers (especially
extended-release tablets) or mental confusion.

Calcium

Most people associate calcium (CA) with bones and teeth, true, but not the only function of calcium.
This mineral is also essential for nerve impulse conduction, muscle fiber contraction and blood
coagulation. Calcium absorption is based on the body’s need for the mineral, but calcium needs the
help of vitamin D and proteins to promote the calcium absorption. Natural sources of calcium include
milk and milk products and fish with bones such as salmon or sardines. Other sources are green
vegetables such as mustard, turnip greens and kale.

Women, who are pregnant or lactating, postmenopausal or have estrogen deficiencies, may need to
take calcium supplements in addition to normal dietary calcium intake. Deficiencies may also be
associated with hypoparathyroidism, long-term use of corticosteroids, pancreatitis, renal failure,
chronic diarrhea, and some diuretics or anticonvulsants. Signs of deficiency may include rickets in
children, increased clotting time, osteoporosis, or osteomalacia (including frequent fractures in the
elderly), or cardiac myopathy. As with all deficiencies, the signs are not enough to diagnosis a
deficiency, a health care provider must diagnose it.

For individuals with calcium deficiency, treatment may consist of taking oral supplements

400-600 mg daily. A higher dosage supplement is required for those not including calcium-rich foods
in their daily diet. Calcium supplements should be administered one to one and one half hours after
meals, unless otherwise specified. Calcium supplements are available in combination with other
products including calcium gluconate, calcium carbonate, or calcium lactate. Of the three, calcium
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carbonate delivers the highest amount of calcium per tablet. Remember, calcium is dependent on
vitamin D for metabolism, thus adding vitamin D or exposure to sunlight may be necessary.

Side effects of calcium salts caninclude constipation from oral products and tissue irritation from IV
administration can occur. This treatment should be administered very slowly to prevent tissue
necrosis or possible cardiac arrhythmias. Caution should be taken when administering calcium to
individuals with known cardiac or renal diseases, and respiratory conditions (e.g., sarcoidosis).
Interactions of treatment may occur with digitalis, resulting in potentiation (causing arrhythmias) and
tetracycline, resulting in antagonism (inactivates the antibiotic).

Iron

Iron (FE) is the oxygen-carrying component of blood. It is stored in the liver, spleen, and bone
marrow. Iron enables hemoglobin molecules in the RBCs to carry the oxygen to the body’s cells. Iron
is a mineral found in meat (especially liver), egg yolk, beans, spinach, prune juice, fish, poultry and
oysters.

Deficiencies that an iron supplement is recommended for include: hemorrhage and excessive
menstrual flow, GI tumors, internal bleeding and ulcers. During pregnancy, infancy, puberty (at time
of growth spurt), and patients undergoing hemodialysis are recommended to take iron supplements.
Signs of an iron deficiency may include paleness of the skin and/or mucous membranes, lethargy and
weakness, vertigo and a decline in mental status. In addition, an irregular heartbeat and function or
cravings for nonfood items such as ice, clay, or starch (pica) may also be signs of a deficiency.

As with all treatments, diagnosis from a health care provider is necessary. Treatments of anemia due
to iron deficiency consist of oral or injectable iron depending on the severity, and the cause of this
deficiency. Oral iron products, ferrous sulfate (Fiosol, Fer-in-Sol) are common. Dosage for adults
consist of 50-100 mg TID after meals and not taken with milk, coffee, or tea. For infants and children
4-6 mg daily divided into three doses in juice or with meal but not with milk. Injectable iron, dextran,
is ordered in 50-100 mg deep IM using the Z-track method only. (Injection techniques will be
discussed in Volume 3.) Extreme caution must be taken when administering iron through this route to
prevent the solution from coming in contact with the subcutaneous tissue because of the severe
irritating effect. After drawing the medication, a fresh 2-inch needle is recommended for the
administration. Iron dextran also can be given IV slowly after testing for sensitivity with a small trial
dose.

Side effects of taking iron supplements can include black stools, constipation or diarrhea, and nausea
and vomiting. Taking the iron supplement after or with meals can minimize the nausea and vomiting.
In severe cases phlebitis with 1V administration or anaphylactic reaction may occur. There are
contraindications for patients with known peptic ulcers, ulcerative colitis. Interactions may occur
when taking vitamin C or orange juice; it enhances the iron absorption producing too much at one
time into the body system. Coffee or tea should not be taken within two hours of iron; it reduces the
iron absorption by as much as 50%. Antacids also decrease the iron absorption and should not be
given at the same time. When taking tetracycline, oral iron preparations should be taken two hours
after the antibiotic. The iron inhibits the absorption of the tetracycline.

With all these side effects, contraindications, and interactions, you must still be aware of the
symptoms of acute overdosing of iron. The overdose may occur within minutes or be delayed for
days. Signs include lethargy, shock, vomiting and diarrhea, erosion of the Gl tract, or damage to the
liver or kidneys. Use the following table as a quick reference for the actions and possible side effects
associated with minerals.
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: P
Minerals
Name Necessaryfor Deficiency association Side effects or
overdose effects
Sodium (Na) Principal mineralsin the Starvation or an extended time of
and Chloride extracellular body fluids. fasting.
(Ch Helps to maintain the electrolyte

balance and regulate the ph level.

Potassium (K)

Maintains the intracellular osmotic
pressure and pH balance.

Normal muscular irritability
(heartbeatregulation).

Insufficientoral intake due to
anorexia, weight-reduction diets,
or surgery

Diuretics

Long-term use of corticosteroids
or laxatives

Digitalis toxicity
Diabetic ketoacidosis

Hyperkalemia;maybe
identified by:

- listlessness
- confusion
- weakness
- paralysis of extremities
- fall in blood pressure

- cardiac arrhythmias
with possible heart
block

Calcium (CA) Bones and teeth formation Pregnancy or lactating Constipation
Essential for nerve impulse Postmenopausal Tissueirritation
conduction Estrogen deficiencies Tissue necrosis
Muscle fiber contraction Hypoparathyroidism Cardiac arrhythmias
Blood coagulation. Long-term use of corticosteroids

Pancreatitis, renal failure, chronic
diarrhea

Some diuretics or
anticonwulsants

Iron (FE) Oxygen-carrying component of Gl tumors Phlebitis
blood. Ulcers Black stools
Hemoglobin formation. Puberty at time of growth spurt Constipation or

Hemorrhage diarrhea, and nausea

Excessive menstrual flow

Gl tumors,internal bleeding as
well as individuals with ulcers

Pregnancy
Hemodialysis

and vomiting
Anaphylactic reaction

Cell metabolism
There are two pathways of cell metabolic reactions, anabolism and catabolism. Anabolism is when
larger molecules are constructed from smaller ones, requiring input of energy. In catabolism, larger
molecules are broken down into smaller ones, releasing energy.

Before a cell can perform its function, it must have the energy necessary for the job. Heat is one form
of energy (a catalyst) used to increase the rate of chemical reactions in a laboratory. A catalystis a
particular molecule that can change the rate of a reaction without itself being consumed. Heat energy
increases the rate at which molecules move and the frequency of the molecular collisions. The
temperature of a body cell is usually too mild to promote the reactions of life; the body uses enzymes
to make these reactions possible. Enzymes promote specific chemical reactions within cells by
lowering the activation energy needed to start these reactions. Enzymes can speed, or catalyze,
metabolic reactions by a factor of a million or more.
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Enzymes are required in very small quantities because they are not consumed as they work, therefore,
function repeatedly. Cellular metabolism includes hundreds of different chemical reactions, each
controlled by a specific kind of enzyme. There are hundreds of different kinds of enzymes present in
every cell, and the speed of the enzyme-catalyzed reaction depends on the number of enzymes present
in the cell. The reaction occurs more rapidly if the concentration of the enzyme increases. The body
regulates the enzyme production based on the body’s need. The body is able to recognize when there
is an increased amount of a particular enzyme product and shuts down the function.

When the body recognizes a deficiency, the body begins production of the enzyme to produce the
necessary molecule product. Enzyme molecule names are often derived from the name of the
substrate molecule it binds with and has the suffix —ase added. Example, a lipid-splitting enzyme is
called lipase, a protein-splitting enzyme is protease, and a starch-splitting enzyme is called amylase.
Similarly there are also sugar sucrose-splitting enzymes that result in sucrase, sugar lactose-splitting
enzymes produce lactase, and sugar maltose-splitting enzymes are called maltase.

NOTE: A common enzyme catalase can be seenwhen you use hydrogen peroxide to cleana wound.
Injured cells release enzymes; when hydrogen peroxide comes in contact with the enzymes, oxygen
bubbles are released. The visual reaction of the foaming is the result of debris being removed from
inaccessible parts of the wound.

From cell division, to cell metabolism, and the catalyst of energy of the enzymes, we come to the
molecule products that the human body must balance. This balance is a delicate operation within the
body that can be affected by many different chemical imbalances beginning with the acid, base, and
salts balance.

Chemical balance home ostasis

Chemical reactions are bonded or broken through a reaction called synthesis either through
dehydration synthesis or hydrolysis. Some compounds release ions when they are dissolved in water
or when they react with water molecules. When this reaction occurs, the resulting solution contains
electrically charged particles (ions); this solution will then conduct an electric current. These
substances that release ions in water are known as electrolytes. When table salt, sodium chloride
(NaCl), hydrolyzes with water; the molecules break down into sodium ions (Na*) and chloride ions
(CI). The reaction is written NaCl — Na* + CI. The molecule product of this chemical reaction is
seenin figure 2-4.

Electrolytes

Electrolytes that release hydrogen ions (H*) in water are
called acids. Anexample is when hydrochloric acid (HCI) is
hydrolyzed with water, the molecule products are hydrogen
ions (H*) and chloride ions (CF) written HCl ->H* + CI..

Electrolytes that release ions that combine with hydrogen
ions are called bases. The compound sodium hydroxide
(NaOH) in water it releases hydroxyl ions (OH-). These
hydroxyl ions in turn, can combine with hydrogen ions to
form water through dehydration synthesis, making sodium
hydroxide a base. The written composition of this synthesis
is NaOH —Na+ OH-. The OH- bond that has been broken
can bond with hydrogen to make water (H,O) when it reacts
with anacid. Enzyme systems operate at an optimal
hydrogen ion concentration ([H*]), any variation from this
——— optimal concentration can markedly affect enzyme activity.
Figure 2—4. Table salt hydrolysis. The enzyme is the catalyst for the cell to perform its
particular function in order to maintain the chemical balance
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in the body. The hydrogen ion concentration is a vital link to keeping this balance.

When acids and bases combine, they will react to form water and electrolytes called salts. This can be
seen through the example of hydrochloric acid and sodium hydroxide. This synthesis reaction is
written HCl + NaOH — H20 + NacCl. The following chart summarizes the three types of chemical

compounds and their characteristic actions.

Types of chemical compounds

Characteristics

Examples

Acid | lonizes (separate)to release hydrogenions (H*). Carbonic acid, hydrochloric acid, acetic acid,

phosphoricacid.

Base | lonizesto releaseions thatcan combine with
hydrogenions.

Sodium hydroxide, potassium hydroxide,
magnesium hydroxide, aluminum hydroxide.

and a base.

Salt | Substance formed by the reaction between an acid Sodium chloride, aluminum chloride,

magnesium sulfate.

Strictly speaking, hydrogen ions are protons and do not exist in the naked state in body fluids; instead
they react with H,O to form hydronium ions. For clinical purposes H* can be used to represent these
hydrated protons. Because H* is so critical to enzyme function, difficult to manipulate and has an
absolute concentration that is so small, the concept of pH was developed. This is now universally

used to represent H*.

PH scale

The concentration of acids and bases affect the chemical reactions that make up many of life

Acidic 0

.0 gastric juice
.3 lemon juice

.2 tomato juice
.6 banana
.0 carrot
5 5.3 cabbage

— 5.5 white bread
6 — 6.0 corn

— 6.2 dates

— 6.6 cow’s milk

H* concentration increases

Neutral 7 —7.0 distilled water
——7.4 human blood
0 ——7.7 hominy
% B350 egg white
g o 8.4 sodium bicarbonate
£ —9.2 borax
5
= 10
= ——10.5 milk of magnesia
8 11
2
8 — 11.5 household ammonia
r 12
O
13
Basic 14

(alkaline)

Figure 2-5. pH Scale.

processes, such as those that control the breathing
rate. This is why it is important to understand that
the concentrations of these substances in body
fluids are of special importance.

Hydrogen ion concentration can be measured in
grams of ions per liter of solution. To make it
easier to understand the true concentration of the
hydrogen ions, the pH scale was developed
(fig. 2-5).

When you look at the pH scale, you find that
gastric juice is 2.0 on the scale and is written out as
.01 grams H+/liter. Household ammonia, 11.5 on
the pH scale would be written as .00000000001
grams H+ /liter. This is an impractical way of
writing out pH levels, thus the pH scale was
developed to provide a universal system of keeping
track of the decimal place in a H+ concentration.
As you can see on the pH scale, solutions with
more hydrogen ions (H+) than the hydroxyl ions
(OH-) are said to be acidic, having a ph value of
less than 7.0 (neutral). Distilled water is the neutral
solution because the water synthesizes and releases
an equal number of acid hydrogen ions (H+) and
basic hydroxyl ions (OH-). Solutions that have
more hydroxyl ions (OH-) and fewer hydrogen
ions (H+) are said to be basic (alkaline) because
they have pH values of more than 7.0.
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Many of the fluids with in the human body function with such a narrow pH range, and any type of
illness canresult in a change to the pH balance. The normal pH of blood is 7.35 to 7.45 (these
numbers vary slightly from text to text, but the range is fairly consistent). Blood pH in the range of
7.510 7.8 is called alkalosis, making one feel agitated and dizzy. The cause for this can be as simple
as breathing rapidly at high altitudes, taking too many antacids, or a high fever. Acidosis on the other
hand is when the blood pH level falls down into the range of 7.0 to 7.3. This can make an individual
feel disoriented and fatigued, making breathing difficult. This change in pH level can be attributed as
a result from severe vomiting, diabetes, brain damage or lung and kidney diseases.

Adaptation of cells

Any chemical that enters into metabolic synthesis (anabolism or catabolism) or are a product of the
reaction, can be divided into two large groups briefly discussed before. Those that contain both
carbon and hydrogen atoms are called organic; the rest are called inorganic. Generally, inorganic
substances dissolve in water or react with water to release ions; this places them in the category of
electrolytes. Organic compounds as a group are more likely to dissolve in organic liquids such as
ether or alcohol. The organic compounds that do dissolve in water generally do not release ions,
placing organic compounds in the category of non-electrolytes.

Inorganic substances

Inorganic substances are divided into two categories, molecules and ions. The ions are released
through the ionizing of organic salts in water. The three main molecules are of course, water, oxygen,
and carbon dioxide. Of these three molecules, water is the most abundant and is responsible for about
two-thirds of the weight of anadult human.

Water

Because this is the most abundant molecule, most of the metabolic reactions occur in water. Water
plays an important role in the transportation of chemicals within the body. Blood plasma is made up
of 90-95 percent water, enabling vital substances to be transported throughout the body. Substances
carried by the blood are sugars, salts, vitamins, and of course oxygen. Do not forget blood also
transports the waste products of carbon dioxide, and urea out to the lungs and kidneys, respectively.

Oxygen

Of course we all know oxygen is received into the body through inspiration, and transported
throughout the body by the red blood cells. Within the cell, the oxygen is used to release energy from
nutrient molecules; the released energy is used to drive the cell’s metabolic activities. Without a
continued supply of oxygen, the cells do not survive, and ultimately, the body does not survive.

Carbon Dioxide

This is a simple carbon-containing inorganic compound that is produced as a waste product of
expiration. As it moves from the cells into the surrounding body fluids and blood, most of the CO,
hydrolyzes with the water to form a weak acid (carbonic acid). This carbonic acid (H,COs) ionizes
releasing hydrogen ions (H+) and bicarbonate ions (HCO3-), which are carried to the respiratory
organs. At the respiratory organs, the chemical reactions reverse and carbon dioxide gasis produced,
and finally exhaled. The following table below summarizes the specific function of each of the
components of the inorganic molecules:

Inorganic Molecules
Substance Symbol or Formula Functions
Water H20 Major componentofbody fluids where mostbiochemical
reactions occur, helps to regulate body temperature.
Oxygen 02 Usedinthe release ofenergy from glucose molecules.
Carbon CO2 Waste product that results from metabolism; reacts with H20 to
dioxide form carbonic acid.
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Inorganic Salts

The other portion of inorganic substances is the inorganic salts. Inorganic salts are produced when
chemical compounds are synthesized with water and then ionized (separated) to produce the inorganic
ions. The inorganic salts are abundant in body fluids. Each one of the inorganic salts plays a
necessary role in the metabolic processes. These electrolytes must be present in certain concentrations
both inside and outside the cells to maintain homeostasis. This gives the body the electrolyte balance
needed to maintain good health. The following table summarizes the specific function of each of the
components of the inorganic ions:

Inorganic lons
Substance Symbol or Formula Functions

Bicarbonateions | HCOs Helps maintain acid-base balance.

Calciumions CA*? Necessaryforbone development, muscle contraction and
blood clotting.

Carbonate ions CO372 Componentofbonetissue.

Chloride ions CL- Helps maintain H20 balance.

Hydrogenions H* Determines blood pH.

Magnesiumions | Mg*? Componentofbonetissue; needed for certain metabolic
processes.

Phosphate ions PO Needed for the synthesis of nucleic acids; componentofbone
tissue.

Potassiumions K* Needed for polarization of cellmembranes.

Sodium ions Na* Helps to maintain H2O balance, and needed for polarization of
cellmembranes.

Sulfate ions S04 Helps to maintain acid-base balance, and needed for
polarization of cellmembranes.

Organic substances

As previously stated, any chemical compound that enters into metabolic synthesis and the product
contains both carbon and hydrogen atoms are called organic. This can incorporate a large number of
substances; we are going to focus on three groups. These groups will be carbohydrates, lipids, and
proteins.

Carbohydrates

What do you think of when you hear the word carbohydrates? Do words such as starch; sugars,
complex fibers or even the no-carb diets come to mind? If they did you are correct, but your
understanding and comprehension of the word carbohydrate must reach farther than just simply sugar.
Carbohydrates provide much of the energy that cells require to function.

Carbohydrates are water-soluble molecules that contain atoms of carbon, hydrogen, and oxygen and
classified by size. Not by the size grain of sugar, but the size of the chemical compound that makes up
the different carbohydrate molecules. Carbohydrates usually have twice as many hydrogen atoms as
oxygen atoms, just as you see in water (H,O). This ratio is evident when you look at the molecular
formulas of the carbohydrates glucose (CsH1,05) and sucrose (Cy,H,;041).

Simple carbohydrates, or sugars, include the monosaccharides (single sugars) and diaccharides
(double sugars). Monosaccharides include glucose (dextrose), fructose, and galactose. The
disaccharides include sucrose (table sugar) and lactose (milk sugar). Carbohydrates that are more
complex are called polysaccharides. These polysaccharides are built from simple carbohydrates
synthesized together through the metabolic reaction. An example of a polysaccharide is a molecule of
starch. The starch molecule consists of highly branched chains, each containing about 12 glucose
(simple sugar) units. The synthesized polysaccharide starch molecule is called glycogen.
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Most cells can produce glycogen; however, muscle cells and the liver store the greatest amounts.
After meals, when the blood glucose concentration is relatively high, the liver cells obtain glucose
from the blood and convert it to glycogen. Between meals, when the blood glucose concentration is
lower, the metabolic reaction is reversed and glucose is released back into the blood. This enables the
body cells to maintain a continual supply of glucose to support the functions of the cells.

The simple carbohydrates (glucose) canalso be converted into fat molecules, which are later
deposited into the subcutaneous tissue. This occurs when an individual takes in more carbohydrates
than can be stored as glycogen that would be needed for normal activities. Unfortunately, the body
has an almost unlimited capacity to perform this type of metabolic reaction (anabolism), so over-
eating results in becoming obese, see below.

| Carbohydrate metabolism |

| Carbohydrates |

l hydrolysis

| Monosaccharides |

— \

| Catabolic pathways | | Anabolic pathways |
| Energy + CO2 + H,0O | | Glycogen or Fat |
Lipids

Lipids are a group of organic chemicals that are insoluble in water, though they are soluble in organic
solvents as ether and chloroform. Lipids include a wide variety of compounds such as fats,
phospholipids and even steroids. Each of the compounds has a vital function in cells and is an
important part of the cell membranes. The most common lipids are the fats. Primarily the fats are used
to supply energy for cellular activities. Actually fat molecules provide more energy gram for gram
than can a carbohydrate or a protein molecule. This is the reason why eating a diet high in fat leads to
weight gain (when the energy is not used it continues to be stored as fat).

As with carbohydrates, fat molecules are composed of carbon, hydrogen, and oxygen atoms. Unlike
carbohydrates, fat molecules contain a much smaller proportion of oxygen to hydrogen ratio. The
building blocks of fat molecules begin with fatty acids and glycerol. These smaller molecules are
united so each glycerol molecule combines with three fatty acid molecules, resulting in a single fat
molecule called a triglyceride.

The liver controls lipid metabolism, removing lipids from the circulation and altering their molecular
structures. Lipids provide a variety of physiological functions, mainly to supply energy. Before
energy can be released from the triglyceride molecule, the molecule must undergo hydrolysis:
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| Lipid hydrolysis |

| Fats from foods |

/ hydrolysis \

Glycerol + Fatty acids

|

Ketone bodies |

Glucose — _— Fat

Once the fatty acid molecules have been activated, other enzymes located in the mitochondria of the
cell, break the fatty acid down further and convert them into compounds called ketone bodies, such as
acetone. When ketone bodies form faster than they can be decomposed, some are eliminated through
the lungs and kidneys. This can result in the breath or urine to develop a fruity odor due to the
presence of the ketone acetone. This sometimes happens when an individual fasts (does not eat), this
forces the body cells to metabolize the fat to maintain body function. Diabetics are also likely to
metabolize excessive amounts of fats resulting in the acetone in the breath and urine. When this
occurs, they may develop a serious imbalance in their pH balance resulting in acidosis.

Proteins

Proteins serve many purposes within the body functions, from structural materials, energy sources
and chemical messengers (hormones). Others still may function as receptors on cell surfaces, or actas
weapons (antibodies). Proteins play vital roles in the metabolic process of enzyme catalysts in the
living systems. The building blocks of proteins are smaller molecules called amino acids.

Amino acid chains vary in length from less than 100 to more than 50,000 amino acids. Each amino
acid chain has a different shape that is related to their particular function. Long fibrous chains, such as
keratin proteins form hair, the threads of fibrin protein that form a blood clot. Many of the proteins
are globular in form. Hemoglobin and myoglobin transport oxygen in blood and muscles,
respectively.

Various treatments can cause a change or a break in the protein structure. High temperatures,
radiation, pH changes and certain chemicals (such as urea) can cause changes to the structure.
Sometimes the proteins can regain shape when normal conditions return. Anexample of irreversible
protein change can be seenwhen cooking an egg. The egg white (protein) reacts to the heat causing a
permanent change. An example of a reversible change is when an individual gets a permanent wave
in their hair. The hair curls as a result of the protein change. As the chemical washes out, the sulfur
bonds reform, possibly in different places, changing the appearance of the hair even when the proteins
regain shape.

When dietary proteins are digested and hydrolysis splits the protein into two similar parts. The amino
acids that result from this process are absorbed and transported throughout the body or undergo
deamination. Deamination is a process that occurs in the liver in order to remove the nitrogen
containing proteins. These nitrogen proteins are then converted to the waste called urea:
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Protein hydrolysis

| Protein from foods |
hydrolysis l

| Amino Acids |

deamination l

| -NH2 groups |

> Urea

The liver produces urea from nitrogen groups formed bydeamination of amino acids. The urea is
carried to the kidneys through the blood stream, where it is excreted in urine. This process is inhibited
by certain kidney disorders that impair the ability to remove the urea from the blood. This will raise
the blood urea concentration that can be detected by the blood test called blood urea nitrogen (BUN)
level, to evaluate the kidney functions.

Thermal regulation of body cells

Body temperature regulation is vital to homeostasis. Even the slightest shift in body temperature can
disrupt the rate of the metabolic reactions in the cells functions. Normal body temperature is 98.6
degrees F. For the body to maintain this constant temperature it must balance the amount of heat
produced through cellular metabolism and the amount of heat lost that is largely regulated through the
skin.

The cellular metabolic heat produced during physical exercise is released from the muscles to the
blood where it is carried away from the muscles to the hypothalamus. In turn the hypothalamus will
signal the dermal blood vesselwalls of the muscle to relax. As the vessels dilate, more blood enters
the vessels and the heat in the blood escapes to the outside. This works at the dermal layer of the skin
over the muscles being worked. At the same time, the deeper blood vessels of the active muscle
vasoconstrict, diverting the blood to the surface of the skin over the muscle producing redness. This
will stimulate the heart to beat faster, moving the blood out of the deeper tissue faster.

Radiation

The primary means of heat loss of the body is radiation. Infrared heat rays escape from warmer
surface to cooler surroundings. These rays will release the heat in all directions, much like the bulb
from a heat lamp. Conduction and convection also allow the body to release heat, but in lesser
amounts. During conduction, the heat moves from the body directly into the molecules of cooler
objects you are in contact with. Example: whenyou sit on a cold metal bench in the winter. The heat
from your body is lost by conduction into the metal seat.Convection is when there is a continuous
circulation of cooler air that is warmed over a surface. As the cooler air becomes heated, it moves
away from the body carrying the heat along with it. This air is then replaced with cooler air moving
toward the body to be warmed. This continuous cycle of air circulated is heat loss through
convection.

Evaporation

There is still one more way the body will lose heat. When the body temperature rises above normal
the nervous system stimulates the sweat glands to release sweat onto the skins surface. When the
sweat evaporates, it carries the heat away from the surface to cool the skin. This process is
evaporation.



2-36

The hypothalamus controls the functions to regulate the body temperature; normal regulation of heat
loss begins with the blood vessels. As the muscles of the dermal blood vessels contract this decreases
the flow of heat-carrying blood through the skin. The result is a reduction of heat loss by radiation,
conduction and convection; it is evidenced by a loss of color to the skin. The body will also signal the
sweat glands to remain inactive to reduce the heat loss through evaporation. If the constriction of the
blood vessels and inactivating the sweat glands is not enough to stop the heat loss, and the body
temperature continues to fall, the nervous system may stimulate muscle fibers to contract slightly.
This action will increase the rate of cellular respiration to produce heat at the cellular level. If this
response still does not raise the body temperature, then small muscle groups will begin to
rhythmically contract to cause a person to shiver, generating more heat.

Hypothermia

Unfortunately, the mechanisms do not always function properly. When the body function fails, the
consequences can be dangerous. Hypothermia, and excessively lowered body temperature, can result
from prolonged exposure to cold or even as part of an illness. Hypothermia begins with the last
normal response to cold—shivering. Hypothermia effects continue with the feeling of coldness, and
the progression to mental confusion, lethargy, loss of reflexes and consciousness, and eventually the
shutting down of major organs. If the temperature of the body core drops even just a few degrees,
respiratory failure or heart arrhythmias may occur. On the other hand, your extremities can withstand
significant drops in temperature, as much as 20 to 30° F below normal.

With any disease process, certain people are at higher risk for developing hypothermia. The very
young, very old, extremely thin individuals and the homeless. The best way to prevent hypothermia is
to dress appropriately with layers and stay active in the cold. Any individual being treated, or even
just a particular body part, for hypothermia must be warmed gradually. This allows the respiratory,
cardiovascular, and circulatory functions to remain stable.

Hyperthermia

Hypothermia is one extreme when the body is unable to regulate the body’s temperature and
hyperthermia is the other. Being able to cool the body temperature is done largely through the dilation
of the blood vessels and the secretion of sweat. In extremely humid environments, the body has a
difficult time reducing the body temperature. Why? Well, air can only hold a limited amount of water
vapor, so on the hot humid day; the air becomes nearly saturated with water. During this time, the
sweat glands may be activated, but the sweat is unable to evaporate quickly so the skin becomes wet,
but the individual remains hot and uncomfortable. In high humidity, the body is unable to release the
necessary heat through evaporation due to the humidity level. This canalso be compounded with a
high ambient air temperature.

When the air temperature is higher than the body temperature, the body will continue to gain heat
from the surroundings causing the core temperature to rise even higher. A high core temperature can
result in circulatory system collapse. An extreme example of this is seen every summer in the
southern states of the US. In Texas and Florida where summer temperatures reach into the 100s, a
child left in a closed vehicle for as little as 30 minutes candie from hyperthermia. In this
environment, the heat will overwhelm the temperature-regulating mechanism. The child’s body heat
will build up faster than it can dissipate. The body temperature rises, even though the set point of the
thermostat (hypothalamus) is normal. The child’s body will dilate the blood vessels in an attempt to
dissipate the excess heat through sweat. With this extreme blood vessel dilation, the circulatory
system collapses within minutes.

Hyperthermia is not always to this extreme and not always a life threatening situation. A fever is the
body’s attempt to fight an infection by self-inducing a hyperthermic response. In a fever, molecules

on the surface of the infectious agent stimulate phagocytes to release a substance called endogenous
pyrogen, meaning “fire maker from within.” The bloodstream carries the endogenous pyrogen to the
hypothalamus, where the set point controlling temperature is raised. The body responds by signaling
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the skeletal muscles to increase the heat production, decrease the blood flow to the skin, and decrease
the production of sweat gland secretion. This results in the body temperature rising to the new set
point, and the person then has a fever. This increase in the body temperature helps the immune system
to kill the pathogens, also making the individual uncomfortable. The immune system s the primary
defense the body has to fight disease processes. For the systemto work effectively, specific body
functions must be working together for the immune system to perform. (Figure 2-6.)
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Figure 2—6. Thermal Regulation

Exercise

Exercise is also an important health factor. VVarious methods are used in patient care, depending on
the situation. Some exercises are used to strengthen muscles, while others are used to improve
cardiovascular function.

All exercise involves anactive contraction and relaxation of muscles. The various categories of
exercise are classified according to two factors: the type of muscle contraction involved (isotonic,
isometric, or isokinetic), and the source of energy (aerobic or anaerobic). The following table contains
information on these general exercise categories.

Type of Exercise Description Examples
Isotonic e Inwolves constantmuscle tension. e Walking.
e Causes musclestoshorten,resultingin | ¢  Running.
muscle contraction and movement. e Swimming.
e Increases muscle strength. e Cycling.

¢ Heartrate increases. e Pushingorpulling againsta stationary

Little or no change in blood pressure.

object(i.e., push-ups orsit-ups).

Isometric

Produces achange in muscle tension
withoutchanging muscle length.

No muscle orjointmovementinvolved.
Moderate heart rate increase.
Increasein blood pressure.

Contracting a muscle and holding itfor
a period of time.

Pushing againsta wall or similar
stationaryobject.
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Type of Exercise

Description

Examples

Isokinetic e Inwolves muscle contraction and joint Moving (isotonic) againstaresistant

movement. object(isometric).
e Canbe eitherisotonicorisometricin Lifting weights.

nature. Rowing machine.
e Usefulinbuilding certain muscle

groups.

Aerobic e Exercisethat involves taking inan Brisk walking.
amountof oxygen thatis equal to or Swimming.
greaterthan the amountthe body
requires.

e Improves cardiovascularfunction.
Anaerobic e Exercisethat results intakinginless Running up stairs.

oxygen than the body needs.
Involves active jointmovement.

Usuallyaccomplished in short
increments of exertion.

Running sprints.
Weightlifting.
Sports.

e Develops muscles.
e Improves cardiovascularfunction.

Exercises frequently used as a therapeutic treatment are called range of motion (ROM) exercises.
They involve moving the joints in all capable directions. One purpose of ROM exercises is to
maintain or increase muscle strength and endurance. Another purpose is to maintain cardiorespiratory
status in a patient who is immobilized. ROM exercises are discussed further in Volume 2.

013. Body defenses and healing process

You have reviewed the basic needs, nutrition and physiology of the chemical balances needed for the
body to function properly. Now it is time to look at other factors that can influence health. Influences
such as age, ethnic background and gender are the influences we cannot change, and have to accept
the health risks that may come with these factors. As you may remember, there are some factors we
can change or control. Your body will react to the influences it is exposed to and the treatment it may
have to undergo. This capability depends on the proper functioning of various organs and systems as
well as the nature or extent of the disorder.

The body’s defenses are affected by a simple break in the integumentary system or by a major illness
or disease. While you may be able to control the break to the skin, an infant born with HIV must deal
with this uncontrollable influence. Cells are the basic working functions to all processes, beginning
with the white blood cells, the first line of defense to fight disease.

White blood cells

White blood cells (WBC), or leukocytes, do most of their work outside the circulatory system to
protect against disease at the cellular level. The WBCs are transported to sites of infection by the
circulatory system. There are five types of leukocytes that are distinguished by their size, nature of
their cytoplasm and the shape of their nucleus. The five types are grouped into one of two categories,
granulocytes and agranulocytes. Granulocytes are leukocytes that have granular cytoplasm, while the
leukocytes that lack cytoplasmic granules are called agranulocytes.

Granulocytes

Typical granulocytes are developed in the red bone marrow from hemocytablasts and consist of three
types of leukocytes: neutrophils, eosinophils and basophils. These granulocytes have a relatively
short life span, averaging only 12 hours. Neutrophils have fine cytoplasmic granules, and a nucleus
that consists of two to five sections. For this reason, neutrophils are also called polymorphonuclear
leukocytes. Neutrophils account for 54-62 percent of the leukocytes in a typical adult blood sample.
Eosinophils contain course uniformly sized cytoplasmic granules with a blobbed nucleus (two lobes).
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These cells make up 1-3 percent of the total number of leukocytes. The last granulocyte is the
basophil. The basophils are similar to eosinophils in size and the shape of their nuclei. The basophils
have fewer more irregular shaped cytoplasmic granules that often obscure a view of the nucleus.
These leukocytes account for less than 1 percent of the leukocytes.

Agranulocytes

The agranulocytes make up the last two types of leukocytes, the monocytes and lymphocytes.
Monocytes generally arise from red bone marrow, while the lymphocytes are found in the organs of
the lymphatic systemas well as in the red bone marrow. Monocytes are the largest cell found in the
blood. The nuclei vary in shape, round, kidney-shaped, oval or lobed. They usually make up

3-9 percent of the leukocytes in a blood sample and live for several weeks or even months. The
lymphocytes are usually only slightly larger than erythrocytes. Typically, lymphocytes contain a
relatively large round nucleus surrounded by a thin rim of cytoplasm. The lymphocytes account for
25-35 percent of the leukocytes. Lymphocytes have an extremely long life span that may extend for
years.

Functions of white blood cells

The leukocytes are first line defense in fighting diseases; this is accomplished in various ways. Some
leukocytes phagocytize (engulf) bacterial cells in the body, while others produce antibody proteins
that destroy or disable foreign particles.

The most active phagocytic leukocytes are neutrophils and monocytes. Neutrophils ingest the
particles the size of bacterial cells, while the monocytes can engulf cells much larger. When a
microorganism invades the human body, the cells respond by releasing biochemicals such as
histamine. The histamine dilates arterioles to allow more blood to flood into the capillaries. The tissue
reddens producing the swelling inflammatory reaction where the damaged cells release chemicals that
attract the leukocytes to the area quickly. The eosinophils help to control inflammation and allergic
reactions by removing biochemicals associated with these reactions. Eosinophils are weakly
phagocytic, but are attracted to and kill certain parasites enabling the body to fight disease.

The basophils help to prevent intravascular blood clot formation by releasing heparin, and may
increase blood flow to injured tissues by releasing histamine. Lastly, lymphocytes are important in the
immunity process. The lymphocytes include B-lymphocytes (B-cells) that produce antibodies, and the
T-lymphocytes (T-cells) that produce biochemicals called cytokine. Cytokine is a protein necessary
for proper cell reproduction and division and is directly linked to the immune responses. When the T-
cells have been invaded, and the cytokine is not released, severe immunocompromised disease may
occur.

Lymphatic system and immunity

Lymphocytes are categorized within blood cells of the body, but are the foundational cell for the
lymphatic system and the immunity process. Lymphocytes produce antibodies and cytokine protein
products to assist the functions of immunity. When there is a break down of these lymphocytes,
immune responses are affected. The lymphatic system is closely associated with the cardiovascular
system because it includes a network of vessels that assist the circulation of fluid through the body
and help defend the body against invasion by disease-causing agents. To understand the functions of
immunity, we need to begin with the components of the lymphatic system as a whole.

Components of the lymphatic system

Lymphatic capillaries are the microscopic closed-ended tubes and contain the fluid called lymph. This
fluid is essentially tissue fluid that has entered a lymphatic capillary. The lymph is carried through the
lymphatic vessels that are similar to veins in having semi lunar valves to prevent back flow of lymph,

but thinner. These lymphatic vessels lead to the specialized organs called lymph nodes. After leaving

the lymph nodes, the vessels merge to form the lymphatic trunk.
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Lymph nodes

Lymph nodes, or lymph glands, are located along the lymphatic pathways through out the trunk of the
body. The nodes contain large numbers of lymphocytes and macrophages that fight invading
microorganisms. Nodes occur singly or in groups associated with the mucous membranes of the
respiratory and digestive tracts. The tonsils are an example; they are composed of partially
encapsulated lymph nodules. The following table provides you with the region, location, and function
of each group of lymph nodes. Figure 2—7 provides a visual reference.

Thoracic
cavity
nodes

Cervical nodes
Auxillary

nodes

Supratrochlear (peripheal)
nodes

Abhdominal
cavity
nodes

Pelvic cavity
nodes

Inguinal nodes

|
>

Figure 2—7. Lymphatic trunk.

Major Location Of Lymph Nodes

Region

Location Function

Cervical

Nodes occur along the lower Associated with the lymphatic vessel that
border of the mandible, in front of drains the skin of the scalp, face and the
and behind ears, and deep within tissue ofthe nasal cavity and pharynx.
the neck along the path of the
large blood vessels.
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Major Location Of Lymph Nodes

occur primarilyalong the paths of
the iliac blood vessels.

Region Location Function

Axillary Nodes inthe armpitregion. Drains lymphinto the upperlimbs, wall ofthe
thorax, the mammaryglands, and the upper
wall of the abdomen.

Inguinal Node in the inguinal region Receive lymph from the lower limbs, the
external genitalia, and the lowerabdominal
wall.

Pelvic cavity Within the pelvic cavity, nodes Receive lymph from the lymphatic vessels of

the pelvic viscera.

Abdominal cavity

Nodes within the abdominal cavity
occur in chains along the main
branches ofthe mesenteric
arteries and abdominal aorta.

Primarilyreceive lymph from the abdominal
viscera.

Thoracic cavity

Nodes ofthe thoracic cavity occur
within the mediastinum and along
the trachea and bronchi.

They receive lymph from the thoracic viscera
and from the internal wall of the thorax.

Supratrochlear
(peripheral)

These nodes are located
superficiallyon the medial side of
the elbow

In children they are often enlarged as a result
of infections from cuts and scrapes ofthe
hands.

There are two primary functions for all lymph nodes, filtering potentially harmful particles from
lymph before returning it to the bloodstream and immune surveillance provided by the lymphocytes
and macrophages. Remember the lymphocytes and macrophages attack infecting viruses, bacteria and
other parasitic cells brought to the nodes through the lymphatic system. The macrophages in the
nodes phagocitize and destroy the foreign substances, damaged cells and cellular debris.

Thymus

The thymus gland is a soft, bilobed structure enclosed in a capsule located within the mediastinum, in
front of the aortic arch and behind the upper part of the sternum. The thymus is relatively large during
infancy and early childhood up to about two years of age. After puberty it shrinks becoming quite
small in anadult. The actual size varies from person to person, and in the elderly the normal
lymphatic tissue is replaced by adipose and connective tissues.

The thymus is considered the primary central gland of the lymphatic system and functions in
association with the endocrine system. The endocrine activity depends on the hormone thymosin;
which is composed of biologically active peptides critical to the maturation and development of the
immune system. The lobes contain large numbers of lymphocytes that developed from precursor cells
(thymocytes) originating in the bone marrow. These thymocytes mature into T-cells that leave the
thymus and migrate to the lymph nodes and spleen. T-cells primarily mediate cellular immune
responses such as graft rejection and delayed hypersensitivity.

Spleen

This is the largest of the lymphatic organs, located in the upper left quadrant of the abdominal cavity,
just below the diaphragm and behind the stomach. The spleen resembles the look of a large lymph
node, enclosed in connective tissue, partially subdividing the organ into lobules. Within these lobes
there are two types of tissue found, white pulp and red pulp. The white pulp is distributed throughout
the spleen as if like tiny islands, with the white pulp containing most of the lymphocytes. The red
pulp contains numerous red blood cells, which gives its color, and many macrophages with some
lymphocytes. The macrophages engulf and destroy foreign particles and the lymphocytes defend the
body against infection that may be carried in the blood as it is filtered through the spleen.
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Immune responses

We understand that the B-cells and T-cells are produced by the lymphocytes; these cells are not
activated until they have encountered the antigen for which they are specialized to react with. This
action constitutes a primary immune response. During this response, plasma cells release antibodies
immunoglobulin M (IgM), followed by immunoglobulin G (1gG) into the lymph. The antibodies are
transported into the blood and then throughout the body, where they help to destroy the antigen
causing microorganism or bacteria. This production and release of these antibodies continues for
several weeks to continue to fight the disease. Detectable concentration of antibodies usually appears
in the body fluids within five to ten days following exposure to antigens. The concentration of
antibodies is a direct result of the primary immune response.

Following the primary immune response, some of the B-cells produced during the initial release of
antibodies, clone and remain dormant to serve as memory cells. If the identical antigen is
reencountered, the body uses these clones of these memory cells to enlarge. The B-cell then responds
rapidly with the 1gG to the antigen to destroy the disease before it produces wide spread disease in the
body. This is called a secondary immune response. The secondary immune response helps to
stimulate a slow releasing of the viral antigen after an initial infection. This constantly stimulates
memory B-cells, which present the antigen to T-cells thus maintaining immunity.

Types of immunity

Just a generation ago, it was not uncommon to find school classrooms empty at certain times of the
year due to several infectious “childhood diseases,” like measles, pertussis (whooping cough), mumps
and even chicken pox. With these diseases, children usually suffered the illness only once due to the
naturally acquired active immunity developed due to exposure of the illness. Today, most children in
the US do not contract these childhood diseases due to vaccinations. A vaccine contains an antigen
that can stimulate a primary immune response against a particular disease-causing agent. With the
vaccine, it does not produce the severe symptoms of the disease. A vaccine may contain bacteria or
viruses that have been killed or weakened so that they cannot cause a serious infection. Vaccines may
also contain atoxoid (toxin of an infectious organism that has been chemically altered to destroy its
toxic effects). Atthese low doses of the organism or bacteria, it may be sufficient enough of the
foreign antigen to alert the immune response system. The vaccine causes a person to develop
artificially acquired active immunity. There are cases where a virus changes so rapidly; the body can’t
defend against disease and the immune system starts to break down. This happens in cases of HIV,
the virus that causes AIDS, which is constantly changing and making it very difficult to produce a
vaccine.

There are other instances where a person who has been exposed to an infectious disease and needs
protections against the disease-causing agent, but lacks the time to develop the active immunity. This
is seenin cases of hepatitis. In some instances it may be possible to inject the person with antiserum
(ready-made antibodies of the infectious agent). Usually these antibodies are obtained from gamma
globulin that has been separated from the blood plasma of a person who has already developed
immunity against the particular disease. The injection of gamma globulin produces an artificially
acquired passive immunity. It is passive because an individual acquires the antibodies necessary for
the body to recognize and fight the disease because the body did not develop them on their own. This
type of immunity is relatively short lived, lasting no more than just a few weeks. This individual is
still susceptible to the pathogen in the future; their lymphocytes were not involved in fighting against
the pathogen that was needed for protection.

The last type of immunity is specific to mother and child during pregnancy. Certain antibodies (1gG)
pass from the maternal blood into the fetal bloodstream through the placental barrier. After entering
the fetal cells, the antibodies are secreted into the fetalblood. The result is the fetus acquires a limited
amount of immunity against the pathogens for which the pregnant woman has already developed
active immunities. The fetus has developed naturally acquired passive immunity that remains in
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effect for six months to a year after birth. Use the following table as a quick reference for types of

immunities.

Types Of Immunity

Type

Stimulus

Response

Naturally acquired active immunity

Direct exposure to live pathogens.

Symptoms ofthe disease stimulate
the individualimmune response.

Artificially acquired active
immunity

Exposureto a vaccine. Pathogen or
its components killed or weakened.

Stimulates the immune response
withoutsevere symptoms ofthe
disease.

Artificially acquired passive
immunity

Injection of gamma globulins
containing antibodies.

Immunityfor a shortperiod of time
withoutstimulating the individual’'s
immune response.

Naturally acquired passive
immunity

Antibodies passed through the
placental barrier from a pregnant
woman with active immunity.

Short-term immunityfor the infant
withoutstimulating the immune
response.

Allergic reactions

When you think of immune responses you may initially only think of the previous section and the
types of immune responses. Allergic reactions are also classified as animmune response. The body
cells react to pathogens in many of the same ways.

Allergic reactions involve the sensitizing of antigens with antibodies, but with an allergic reaction,
tissues may become damaged. Allergic reaction is also called a hypersensitivity reaction. In one form
or another, allergic reactions affect everyone, but some people have inherited an ability to produce
exaggerated immune responses. The antigens that trigger allergic responses are called allergens.

A delayed-reaction may occur in anyone. It is a result from repeated exposure of the skin to certain
chemicals; household or industrial chemicals and cosmetics are some causes. When there is repeated
contact, the presence of the substance activates the T-cells in large numbers and collects in the skin.
The T-cells and macrophages that are attracted release chemical factors that produce an inflammation
of the skin (dermatitis). This reaction usually occurs 48 hours after exposure, thus the delayed-
reaction.

A common example in the military treatment facility is the tuberculin skin test. The test uses a
tuberculin preparation of purified protein derivative (PPD) that is injected intradermally. If the
individual T-cells have been sensitized (previously exposed to) to the antigens of the mycobacteria
that caused tuberculosis, an allergic reaction occurs within 48-72 hours. This is classified as a
positive test result. In this positive reaction, a localized region of the skin and subcutaneous tissue
hardens. With this positive reaction it does not necessarily mean the individual has been exposed to
active tuberculosis, just that they have been exposed to the mycobacteria causing the disease. In some
countries the vaccine prepared from Bacilli calmette-guerin (BCG) is used to immunize against
tuberculosis. For these individuals, the tuberculin skin test is contra indicated. The absence of this
reaction signifies the person’s T-cells have not previously been exposed to the mycobacterial antigen.

Some allergic reactions may occur within minutes after contact with a nonself substance. This
individual has inherited the ability to over produce immunoglobulin E (IgE) antibodies resulting in an
immediate-reaction. With the immediate-reaction, the B-cells become sensitized when the allergen is
first encountered and subsequent exposures trigger the allergic reaction. When a subsequent allergen-
antibody reaction occurs, these cells release allergy mediators as histamine, prostaglandin D, and
luekotrienes. These substances cause a variety of physiological effects in the body. The reactions
include dilation of the blood vessels, increased vascular permeability that swells the tissues,
contraction of the bronchial and intestinal smooth muscles, and the increasing of mucus production.
These reactions are indicative of a severe inflammation reaction that is responsible for the symptoms
of the allergy. Signs of these symptoms can be seen as hives, asthma, eczema or gastric disturbances.
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The most severe type of immediate reaction is anaphylactic shock. The individual may at first feel an
inexplicable apprehension, and then suddenly break out in red hives and itch all over the entire body.
The face, tongue and larynx begin to swell causing breathing difficulty. At this point of the reaction,
if the person does not receive an injection of epinephrine, their airway is sure to close. The only other
way of restoring breathing for this person is through a tracheotomy because the airway is so swollen
that an endotracheal tube will be unable to pass by the larynx. Once breathing has stopped and unable
to be restored, loss of consciousness and death may occur with in five minutes. Most often,
anaphylactic shock results from an allergy to penicillin or insect sting. Fortunately, most individuals
are aware of their allergy status and avoid these allergens. In addition, prompt medical attention is
available in most areas of the country resulting in less than 100 people who die from anaphylactic
shock.

Autoimmunity

There are times when the immune system backfires, making autoantibodies that attack the body’s
own cells. Some of the disorders that will elicit this immune response are rheumatic fever, ulcerative
colitis, and Grave’s disease. During this response, the virus “borrows” proteins from the body’s cells
during replication and incorporates them into the virus cell and gives the body cell some of the viral
proteins. When the immune system identifies the virus to destroy it, it also recognizes the virus
proteins in the body’s cell and miss identifies the body cell as a viral cell that should be destroyed.
Another way the body’s cells become “invaded” with the viral proteins is through T-cells that escaped
their “education” process during formation in the thymus. These T-cells were never able to identify
“true T-cells” from the invaded cells and accepted the viral proteins only to become identified by the
body as a “viral cell.”

Wound healing

The body’s defenses are automatic responses to disease and the invasion of microorganisms into the
body. Some of the microorganisms may be a result to an external cause of injury. With injuries come
wounds. The physiological response for the body’s healing process of wounds is accomplished in
three different wound closure treatments: primary, secondary and tertiary-intention healing. The
choice of wound closure will depend on how the injury occurred and how extensive the wound is.
With any wound there are three stages of wound healing: inflammation, reconstruction, and
maturation.

Healing stages

All wounds heal in much the same manner; inflammation to proliferate the site with blood cells,
reconstruction, continued wound debridement and collagen formation, and finally maturation of the
wound. Each stage is vital to the result of the scar or in worst case a continued wound with the
complication of infection.

Inflammation

Inflammation occurs immediately at the site of injury at the cellular level. Previously, you learned
how the blood cells and the immune responses invade the microorganisms at the cellular level. When
injury occurs, the body’s first step of the healing process is to produce inflammation at the site. The
primary purpose of the inflammatory response is to neutralize and destroy harmful agents, limit the
spread to other tissues, and prepare the damaged tissue for repair. Changes occur locally at the site of
injury and systemically during the inflammatory stage. Systemic changes are seen in vascular
alterations, hormonal response and the increased white blood cells (phagocytic actions).
Vasodilatation will produce the outward signs of the inflammatory stage seenas edema at the injured
site, erythema resulting from the increased blood supply, increased temperature, pain stemming from
pressure on the nerve receptors, and possible loss of function resulting from all of the changes.

Whenever a wound occurs, one of two responses occurs as the wound heals: either regeneration or
replacement of the cells. The blood vessels will initially vasodilate to produce more circulation to the
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site, when the site has received enough cell support, platelet aggregation and the formation of fibrin
occur producing a clot. A scab forms to protect the wound against the invasion of pathogens. During
this saturation of cells, complex chemical reactions bring phagocytic leukocytes to cleanse the wound
by removing the cellular debris and engulfing the bacteria. Immature fiber cells and capillaries are
formed moving into the remaining space. Epithelial cells migrate from the margins of the wound to
the base of the scab forming a layer of epithelial tissue over the wound in about 48 hours. This stage
of healing may last up to three to four days.

Reconstruction

Reconstruction of a wound begins on the third or fourth day after injury lasting two to three weeks.
Throughout reconstruction, macrophages continue to debris the wound and stimulate the fibroblasts to
synthesize collagen. Collagen is the fibrous structural protein found in all connective tissue and is the
main ingredient of scar tissue. During the inflammatory stage the immature capillaries are formed,
providing oxygen and nutrients to support the collagen and for further synthesis of tissue. As the new
tissue grows in, the wound begins to close.

The reconstruction stage is much longer when the secondary or tertiary-intention healing treatment
process closes a wound. This is because granulation tissue is being constructed rather than collagen.
Granulation tissue needs more of a blood supply than collagen tissue. With granulation tissue, the
wound contracts and the skin surrounding the wound are pulled together. The cells are replaced with a
different type of tissue versus the regeneration of tissue with similar structure and function.

Maturation

This final stage involves the development of the scar and may take up to two years. Scarring is
influenced by the degree of stress on a wound. By 15-20 days, the risk of wound separation or
rupture is less likely. Scar maturation is the process of the collagen breaking and synthesizing by the
macrophages to produce the strongest scar tissue it can. The formation of a scar appears soft with
reddish granulation tissue. As time progresses, the capillaries and connective tissue cells in the wound
shrink and become tight, now appearing hard and reddish. Full scar maturation is evident when it
becomes white and glossy in appearance. If there is an over growth of the collagen (too much
synthesized) a keloid (often has a rope-like appearance) is formed. This is frequently seen in dark
pigmented skin.

The three stages of wound healing are interwoven rather than linear. You may have different healing
stages seen in one wound. The wound may be open or closed, clean or infected, causing the
opportunity for other complications to occur.

Wound closure

Wound closure and wound care will be covered more in-depth in a following unit and in the next
volume. However, as wound healing is an integral part of the body’s defense system, we will cover
some basic information here. When there is an open wound there are three avenues of treatment used
to close the wound: primary-, secondary-, and tertiary-intention closure. With each type of closure
additional treatments are used.

Primary-intention closure

When a wound with little tissue loss or damage, such as a surgical incision, is made primary-intention
closure is used. The wound edges are approximated (bought together like a puzzle piece) and closure
is accomplished by suturing or the use of staple. There are no open areas or dead space left in the
wound so the risk of infection is decreased.

Secondary-intention closure

With a wound that has tissue loss such as a pressure ulcer or severe laceration, secondary-intention
closure is used for treatment of the wound. The edges of the wound are not approximated and the
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wound is left completely open to close from the inside to the out with granulation tissue and then scar
tissue. With secondary intention, the process takes longer and the chance of infection is higher.

Tertiary-intention closure

This is also known as delayed closure because there is a delay in the suturing of a wound. Such
wounds are sutured after the granulation tissue has begun to form. An abdominal wound left open for
drainage and then later sutured or stapled closed is an example of the tertiary-intention closure.

014. Mental health and psychological adjustments

Even with all of the medical break-throughs, the mind is a great influence to healing that is still often
over looked. The mind has and continues to prove to be one of the best healing components in the
recovery process. If the patient believes they will recover and heal, chances are, they will. Just the
reverse is also true. Understanding the purpose and expected outcome of medical treatment
procedures is necessary knowledge that every medic needs to assist patients in their recovery.

lliness and injury often have an obvious effect on people. However, some adjust and cope with
iliness, injury and healing positively while others may struggle with despair, depression or other
psychological problems. There are various psychological factors that can influence a patient’s mental
status while under the care of a health care system. Medics should keep in mind there are sources
available to assist in improving or maintaining a patient’s mental well-being. Most notably, these
sources include family, friends, supervisors, co-workers and clergy. Allowing as much time as
possible for a patient to visit with such support people is crucial in the therapeutic process.

Medical technician guidelines

Patients often want to talk to the health care personnel whom they see on a frequent basis during
clinic visits and hospitalization. This obviously means medics are prime candidates for such sessions.
It is important to keep three things in mind whenever conversing with a patient in regard to personal
concerns:

1. Beagood listener and demonstrate a genuine concern.

2. Do not offer advice or solutions on matters that only the provider should address.
3. Refer the patient’s concerns to the nurse or provider in a timely manner.
4

Finally, it is important to keep the patient’s family in mind. Though local policies should be
adhered to on matters such as visiting hours, the number of visitors permitted at any one time,
restricted patient treatment areas, and so forth, and the staff must make every effort to keep
the family informed and comfortable.

Responsesto illnessor injury
There are so many different types of major injuries and severe medical conditions that can occur we
could never cover all the situations known to the medical community. Some of the major injuries and
severe medical conditions you may encounter are gunshot wounds, burns, spinal cord injuries, strokes
or heart attacks. Although the conditions are very different, the patients may share many of the same
feelings, including:

e Shock and disorientation.

o Fear and anxiety.

o Depression.

e Guilt.

e Posttraumatic stress disorder.
It has been reported that one third of hospitalized medical patients with chronic medical conditions

and major injuries also suffer from psychological disorders such as depression or anxiety. Many
psychological components of medical illnesses are still understudied, and often overlooked.
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Psychological states, such as anxiety and depression, can alter the adjustment to illnesses, thereby
causing poor health practices and interfering with social functioning. Health psychologists stress the
importance of identifying and treating psychological disorders in patients with chronic diseases or
major injuries. A healthy adjustment to these major changes or life stressors is linked to increased
attempts to gain control over one’s health. Health psychologists believe it is important to educate
people about the variety in responses to negative life events because it allows friends and family to
respond in more constructive ways. Understanding and recognizing the patient’s response to severe
iliness or injury is even more important for medical technicians these days. With the number of
wounded warriors we see direct from the battlefield or as they continue to heal, it is essential to
always keep the patient’s mental and spiritual well being in mind while caring for the physical
wounds. While volumes have been written on the psychological effects of illness and injury, we will
briefly cover a few of the common responses patients may have.

Shock and disorientation

The immediate reaction to a major injury is normally a sense of shock and disorientation relating to
the enormity of the event. You may have seen or heard the patient appeared “distant” or felt “numb.”
This reaction is usually short-term, lasting a few days to a week. Following the initial shock, he or she
might experience emotional turmoil exhibited by nightmares of being injured again, sleep problems,
mental confusion and disorientation.

The quality of his or her family support and the medical care you provide, are key factors that will
influence the patient’s healing and adjustment. There may also be local support groups to help the
patient with the difficulties of returning to home and work.

Fear and anxiety

There is little question a patient may experience fear and anxiety from a major injury. In fact,
excessive anxiety generally contributes to the initial shock reaction. He or she may express fear and
anxiety in varied ways:

e Feeling anger and exhibiting withdrawal behavior.

e Expressing a need for safety, security, and nurturing (through words or actions).
e Reverting to childlike behaviors when dealing with stress.

e Becoming aggressive, demanding, tearful, and more dependent on others.

e Focusing on thoughts of survival, comfort, and treatment procedures, which can influence
fear.

Don’t forget you are actually supporting more than the patient receiving care. The patient’s family
and close friends may also experience emotional shock, anxiety, fear, panic, and even guilt.

Depression

It is normal for the patient to grieve the loss of function and his or her body image, so depression is a
common occurrence following a major injury. The patient may become very discouraged about what
he or she canand can’t do. Perhaps the patient may think her or she won’t be able to play with his or
her children, or provide for their emotional needs in the future. The patient might worry that his or her
appearance will upset their spouse, thus interfering with their marital and intimate relationship. The
patient may think he or she will never work again and will have concerns over financial problems. If
the patient remains depressed, has difficulty sleeping, worries about his or her situation, or suffers
from a significant loss or gain of appetite, the patient or family should bring the concern forward.
Additionally, if you notice the patient appears depressed or seems to be suffering from any unhealthy
psychological indicators, notify the nurse or doctor. The health care provider may be able to provide
assistance or refer him or her to the appropriate mental health professional.
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Guilt

Guilt is another reaction that could be experienced after a major injury. The patient may be thinking,
“I should have done something to prevent the accident,” “I should have taken just a little more

time ...” or “I can’tdo anything right.” Feelings of guilt canalso be associated with depression. If the
patient is suffering from such negative feelings, they need to discuss their emotional condition with
their doctor.

Post-traumatic stress disorder

Any patient who has suffered from, witnessed or been in danger of a major injury could be at risk for
post-traumatic stress disorder. This is a significant concern if the patient has been in a wartime
situation, suffered from a significant injury or even a thermal burn. Signs include:

Recurrent and intrusive recollections of the injury.

Dreams of the event.

Feeling of being wounded again.

Psychological distress when the memory of the accident/incident is triggered.

Even though the event has ended, the patient may still experience physical and mental suffering that
is associated with it.

After a patient has been through inpatient rehabilitation and has been discharged, he or she may begin
to feel isolated, depressed, perhaps in despair. Concerns about income, future jobs, and the daily
demands of life will take their toll on the patient’s well-being. For the patient and family, they have
entered a world where there is limited experience. No one in the family may understand all of the
patient’s emotional responses. This period in recovery is a critical time for the patient and the family.
Counseling and support groups are healthy ways to learn how to cope with the changes in life.

Substance abuse

The misuse or overuse of any substance is considered to be substance abuse, and it’s seen in many
forms. Substance abuse caninvolve both legal and illegal substances. The two areas of concern
addressed here are alcohol and drug abuse. Though alcohol itself is considered to be a drug, we
address it separately.

Alcohol abuse

Alcohol abuse is extremely dangerous to an individual’s personal health and safety. Additionally,
alcohol abuse by an individual can jeopardize the safety of others. A person is usually considered to
be intoxicated if the blood alcohol level is greater than 100 mg/dL. A blood alcohol level of over
400 mg/dL is considered a life-threatening emergency requiring prompt medical intervention.

Intoxication dramatically affects the central nervous system. This is often evident by such signs as
slurred speech, lack of coordination, impaired sensory capability (especially vision), and behavioral
changes.Chronic alcohol abuse (alcoholism) can have a permanent effect on other body organs, the
most notable being the liver. A condition that canalso result from alcoholism is known as alcohol
withdrawal delirium (commonly referred to as delirium tremens or DT). This condition occurs most
often when someone who has been consuming alcohol on a prolonged, constant basis suddenly stops
drinking. Signs and symptoms can be noticed approximately four hours after cessation of drinking
and will be at their peak between 24 and 48 hours. The condition results in signs such as shaking,
seizures, and hallucinations. Delirium tremens is a true medical emergency requiring immediate care.

Drug abuse

Drug abuse is characterized by the use of any drug for other than a legitimate medical purpose.
Sometimes the abuse involves an overdose of a prescription or nonprescription drug. In other cases,
an illegal substance may be involved. The four main categories of drugs often abused are narcotics,
sedatives, central nervous system stimulants, and hallucinogens.
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An overdose can be either accidental or intentional. In either case, the effects on the body will vary
from minimal to life threatening. Local poison control centers are relied on by health care personnel
to provide up-to-date information and treatment guidelines for all types of drug abuse situations.

Self-Test Questions

After you complete these questions, you may check your answers at the end of the unit.

011. Environmental and community health

1. According to Florence Nightingale’s theory, what are the controllable environmental factors
medics should be concerned about?

2. What three health risk factors cannot be changed?

3. Explain the environmental control program.

4. What type of community health program is designed to assess health status and provide services
that assist in maintaining a healthy lifestyle?

012. Nutrition and exercise
1. List three sources of protein.

2. Which vitamins cannot be stored by the body and must be ingested daily?

3. What are common reasons for ordering a bland diet?

4. Whatare the two major components of nutrients?

5. Why should patients without a confirmed Vitamin B;, deficiency avoid taking large doses of it?

6. Whatis the max dosage of folic acid individuals are advised to take?

7. Patients treated for what specific disease are advised not to take B, supplements?
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8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

What are the signs of vitamin C deficiency?

What is the body deprived of without vitamin C?

What is vitamin K necessary for?

Minerals are usually extracted from what source?

How do sodium and chloride maintain homeostasis of the body?

Where is the concentration of potassium found?

What is a primary concern when administering potassium intravenously, and how canit be
prevented?

What triggers the body’s need for more calcium intake, and what elements are needed to aid in its
absorption to fulfill the need?

What are some of the side effects of iron supplements?

What is a catalyst?

What are the substances that release ions in the water called?

What is alkalosis?

What are the functions of water in a body?
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21.

22.

23.

24.

25.

26.

27.

What is the most common lipid?

What are the building blocks of proteins?

What is our normal body temperature?

What controls the functions to regulate the body temperature?

What is the body’s attempt to fight an infection by self-inducing a hyperthermic response?

What type of exercise involves taking in less oxygen than the body needs?

State the purposes of ROM exercises.

013. Body defenses and healing process
1. Which cells are the first line of defense to fight diseases?

2. Explain the difference between granulocytes and agranulocytes.

3. Matchthe types of leukocytes in column A with the correct category in column B. The answers in

column B can be used more than once.

Column A
_ (1) Monocytes.
__ (2) Eosinophils.
____(3) Neutrophils.
_____(4) shortlife spanof12hours.
__ (5) Lymphocytes.
_____(6) Basophils.

(7) Extended life span from weeks to
years.

Column B
a. Agranulocytes.
b. Granulocytes
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4. What does it mean to phagocyte?

5. Which leukocytes are the most active phagocytes?

6. Which lymphocyte is responsible for producing the biochemical cytokine, and what is the
cytokine used for?

7. What are the seven regions of major lymph node locations and their respective functions?

8. Which organ is considered the primary central gland of the lymphatic system?

9. Match column A with the specific type of immunity it corresponds to in column B. The answers
in column B may be used more than once.

Column A Column B
(1) Directly exposed to whooping cough. a. Naturally acquired passive immunity.
(2) Short-term immunityfor an infant without b. Artificially acquired passive immunity.
stimulating the immune response.
(3) Received injection of gamma globulins c. Naturallyacquired active immunity.
containing antibodies.
(4) Symptoms ofthe disease stimulate the d. Artificially acquired active immunity.

individual immune response.
(5) Exposure to a killed or weakened vaccine.

(6) Immunityfor a shorttime without stimulating the
individual’s immune response.

(7) Received antibodies through placental barrier.

(8) Stimulates the immune response withoutsevere
symptoms ofthe disease.

10. Hypersensitivity reaction is also known as what type of reaction?

11. Explain autoimmunity.



2-53

12. Match column A with the correct healing stages in column B. The answers of column B may b