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Foreword

Prevention of disease and injury, including early identification of risks and disease and
optimal control of potentially debilitating or fatal complications of chronic conditions, is
the area of clinical medicine that holds the greatest promise for improving human health.
Each year a long list of major, but potentially preventable health problems exacts a terrible
human and financial toll. These problems urgently need our attention, especially as major
advances in curative medicine become more complex and costly. Prevention of disease
and injury may well be the central health issue of our time, an issue of vital concern to
every quarter of our society.

Now is a very good time to promote prevention. Citizens and some social groups are
increasingly aware of and interested in health and fitness issues. There is great enthusiasm
about—even obsession with—health, and we are seeing an astonishing proliferation of
health publications and media presentations for laymen, fitness and weight control cen-
ters, exercise programs, health food stores, disease support groups, health education
programs, and do-it-yourself diagnostic kits. All of this betokens an increased health
consciousness on the part of public and perhaps signals greater individual accountability
for health.

Despite the indisputable value of prevention in general, there is a great deal of
uncertainty, even confusion, on the part of the public and health professionals about
specific preventive practices. What are the most important practices? What about their
relative value and costs? What about this recommendation, or that?

We need accurate information about preventive interventions. Each measure must be
assessed individually and analyzed in all its dimensions—benefits, risks, and costs.
Although many preventive measures do improve health, they are not without risks and
costs and, in fact, they seldom reduce medical expenditures. Only with documentation in
hand will we be able to speak with conviction and authority about specific interventions
and justify the allocation of resources to implement the most efficacious preventive
practices.

People everywhere are showing greater willingness to take responsibility for their
own good health. Physicians can foster this attitude by helping patients manage their
health, by assisting them in making the daily choices that influence health and well-being,
and by providing them with the facts and figures for informed decision making. But, like
the public, physicians need accurate, authoritative information on the benefits, risks, and
costs of practices that promote health and prevent disease and injury. Prevention in
Clinical Practice will play an important role by providing much-needed information and
by bringing into focus for health professionals those preventive practices and interventions
of the greatest import and value.

Edward W. Hook



Introduction

It is a difficult time to practice medicine in the United States. Biomedical advances have
led to increased precision and efficacy in the study and treatment of disease, yet physi-
cians are increasingly hampered by the difficult ethical and economic issues raised in the
wake of rapid technological and sociological change. It now seems clear that medical
resources are limited even in the United States. Moreover, it is not clear how to get the
most from what is available. From both clinical and financial perspectives rational prac-
tice would require an understanding of the harm done from either too little or too much
medical care. Yet standards of minimal care have not been defined, and even if the ill
effects of excessive care were easy to describe, decisions to limit care for the individual
patient are extremely difficult. Despite the complexity and uncertainty inherent in evaluat-
ing the efficacy and fairness of health care, time for these analyses is short, and it appears
inevitable that physicians will alter their practices before such data are available. Federal
authorities are setting financial limits in the form of DRG reimbursement schedules;
private third parties are planning prospective payment as well; and a more consumer-
conscious public expects efficient as well as quality care. Somehow physicians must learn
to achieve both cost restraint and a high standard of practice. To make this task even
harder, growing medicolegal pressures can lead to defensive practices that undermine cost
containment. Finally, amid these rising economic, governmental, consumer, ethical, and
legal pressures, physicians also have to contend with increased competition. The public
now has a greater choice of physicians, and in a freer market it is possible that physicians
who are noncompetitive in terms of cost, quality, and efficiency will lose patients.
Ironically, this competition might lead to excessive use of some expensive practices that
appeal to the public conception of ‘‘good’ care (e.g., executive physicals).

In response to the social and economic forces now helping to shape clinical practice,
biomedical education and clinical training are changing. To guide health policy and to
illuminate clinical thinking, methods for integrating social and clinical values into medical
decision making are being developed and taught. To develop critical thinking and to
broaden perspectives on health and disease, epidemiological principles are being applied
in clinical settings. To reduce costs and to emphasize continuity of care, both patient care
and clinical teaching are being shifted from the hospital to the clinic. To address health
manpower issues, primary-care training is being encouraged as subspecialization is dis-
couraged. With this emphasis on costs and benefits, rational clinical decision making,
clinical epidemiology, and primary care, one would expect that the concept of prevention
would be a rallying point for those learning how to apply medical technology fairly,
effectively, and humanely.

Certainly preventive medicine is an important aspect of the new primary-care curric-
ulum. However, limited studies suggest that preventive care is practiced poorly and

xi



xii INTRODUCTION

erratically. Traditional and orthodox health care in this country has tried to cure disease.
Medical schools and teaching hospitals teach their students and house staff to look for
disease and then treat it. Traditional health insurance pays physicians to do this. In fact,
preventive services may not be paid for while procedures of almost any sort are gener-
ously covered. Most of the time patients seek medical help when they are sick, not
preventively. Taking into account the tradition of curative medicine and what its partici-
pants (physicians, patients, third parties) expect, it is still not clear why we do such a poor
job of practicing preventive medicine. That we do a poor job of teaching preventive
medicine no doubt contributes to this failure.

There are many ways to improve how we teach prevention. As previously men-
tioned, curricula and practice sites are changing. Disciplines such as epidemiology,
biostatistics, management science, decision analysis, and economics are being taught at
medical schools and in house staff programs. In teaching situations it is now possible to
highlight a clinical problem, present a preventive intervention in epidemiological as well
as biomedical terms, guide use of this preventive strategy in a practice site where continu-
ous care is possible, and eventually measure the success or failure of such efforts.

To encourage preventive medicine and hopefully to make its practice easier, this
book offers guidelines and rationales for disease prevention. It is written for physicians in
primary-care settings, postgraduate trainees, medical students, and physician extenders,
such as nurse practitioners and physician assistants. The book demonstrates how a public
health perspective and epidemiological thinking can be used in daily practice. The book
focuses on what can be done for the individual patient. Preventive care issues as they
relate to public health policy are not specifically reviewed. Thus, for example, the
argument for seat-belt use is not presented. The clinical situations are not limited to those
where primary prevention (aimed at the disease) is possible. In a sense all medical care is
preventive (aimed at complications). However, some chronic diseases with relatively long
incubation periods for complications offer great opportunities for secondary preventive
care. Diabetes mellitus, hypertension, and atherosclerosis were selected for discussion as
common diseases whose complications can often be prevented. For the purposes of this
book, the preventive aspects of the management of these diseases will emphasize early
and accurate diagnosis, risk factor recognition and modification, and early nonphar-
macological treatments. Tertiary prevention, as commonly practiced in hospitals and
rehabilitation centers, will not be discussed.

As well as specific recommendations for preventive practice, the pertinent epi-
demiological principles, facts, and controversies are discussed. General chapters that
review the major causes of morbidity and mortality in the United States and the interpreta-
tion of diagnostic tests are included. Although the book is a clinical guide written for
practitioners, the epidemiological and socioeconomic justifications for recommended
practices are stressed.

Implicit in this approach is the premise that clinical decisions and habits cannot rely
solely on biomedical science. To deliver quality care at a reduced cost, it is now up to
physicians to develop rational practices that integrate biomedical knowledge with the
particular needs of society. Prevention as well as cure must be a major goal of those
trusted with caring for patients.

Daniel M. Becker
Laurence B. Gardner
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Patterns of Illness and Medical
Practice in the United States

Daniel M. Becker

1. INTRODUCTION

Before discussing specific diseases and how they can be prevented or mitigated, it is
useful to review in general terms both the health of the American people and why people
visit physicians. There are abundant data describing the causes of morbidity and mortality
in the United States. There are also studies that describe what kinds of problems are
treated in primary-care practice. Comparing national statistics with patterns of office care
should highlight where preventive efforts can be made and how the practitioner can
participate in preventing early death and disability. In reviewing these data the health
problems of adults will be emphasized.

2. MORBIDITY AND MORTALITY IN THE UNITED STATES

In 1979 the Surgeon General reported on the health of the American people.! Im-
pressive health gains are described. The overall crude death rate from 1900 to 1979 has
fallen from 17 per 1000 persons per year to less than nine per 1000. However, these gains
vary according to the population studied (Fig. 1). The following sections describe the
major health problems of adolescents and young adults, adults, and the elderly. The data
are from the National Center for Health Statistics, as summarized in the Surgeon Gener-
al’s report.1

2.1. Adolescents and Young Adults

Since 1960 the death rate for adolescents and young adults (aged 15-24 years) has
been increasing. Most deaths in this group are violent, related to motor vehicle accidents,

Daniel M. Becker ¢ Department of Internal Medicine, University of Virginia School of Medicine, Char-
lottesville, Virginia 22908.
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Figure 1. Death rates by age: United States, 1900-1977. Graphs based on data from 1906, 1950, 1960, and
1977. (Source: Ref. 1.)

industrial accidents, and homicides (Fig. 2). Young men are more likely than women to
die violently, and black men are at particularly high risk to become homicide victims.

Alcohol and substance abuse underlie much of this violence. Half of the highway
fatalities have blood alcohol levels that imply intoxication (greater than 100 mg/dl).
Homicide is also associated with alcohol use. Substance abuse other than alcohol is
becoming increasingly prevalent. It seems likely that illicit drugs such as cocaine, halluci-
nogens, sedatives, and amphetamines are contributing to the various categories of acci-
dental and violent deaths in this age group.

Suicide is the third leading cause of death in this category. Since 1950 the suicide
rate in young people has increased approximately five times. The United States is not
alone with this problem. Other industrialized nations (Japan, Sweden, Germany) have
even higher rates of suicide.

Childbearing during adolescence is hazardous for the mother and for the child. By
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Figure 2. Major causes of death for ages 15-24 years: United States, 1976. (Source: Ref. 1.)

age 19 approximately 25% of American teenage girls have been pregnant at least once.
Infants of teenage mothers are twice as likely to be of low birth weight and thus at risk for
a host of neonatal and developmental problems. Young mothers are less likely to have
received perinatal care and more likely to experience complications during pregnancy and
at term.

More than 80% of reported sexually transmitted diseases occur among 15- to 29-
year-olds. Although the incidence of syphilis and gonorrhea seems to be decreasing
overall, both diseases are increasing in teenagers. Other ‘‘newer’’ venereal diseases such
as herpes and nonspecific urethritis are most prevalent in this age category. Aside from the
acute illness, these infections can cause permanent morbidity. Pelvic inflammatory dis-
ease leads to sterility in an estimated 75,000 women of childbearing age per year.

2.2. Adults

Within the age range of 25-64 years, the death rate since 1900 has fallen from 1200
per 100,000 population per year to less than 540. However, the overall gains in life
expectancy during this century tail off with advancing age. For an infant, life expectancy
has increased more than 26 years since 1900. For a 45-year-old man, further life expectan-
cy has increased only 5 years compared to a 45-year-old at the turn of the century.
Although preventive measures have dramatically changed infant mortality rates, the
chronic diseases that afflict adults remain difficult to treat.

Heart disease, cancer, stroke, and cirrhosis are the leading causes of death in adults
aged 25-64 years (Fig. 3). Together heart disease and stroke account for approximately
one-third of these deaths. Reductions in mortality for these diseases have been occurring,
and in large part these changes explain the overall decline in mortality.
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RATE PER 100,000 POPULATION

Preventive efforts have probably been important in reducing cardiovascular mor-
tality.2-3 Hypertension and smoking are major risk factors for the development of coro-
nary artery disease and cerebrovascular disease. Control of hypertension can now be
achieved for the vast majority of patients, and fewer adults in this age group are continu-
ing to smoke. Elevated cholesterol is the third major risk factor for early cardiovascular
mortality. More specific laboratory testing (e.g., high-density lipoprotein and apopro-
teins, as well as total cholesterol) allows more specific assessment of this risk. Dietary
habits seem to be changing in the United States, and indirect evidence that such changes
reduce or retard atherosclerotic heart disease is available.?-3 Similarly, more Americans
are exercising regularly, and it is possible to relate this behavioral change to the decline in
cardiovascular mortality.

More than one-third of cancer deaths occur between the ages of 35 and 64 years.
Because the population is aging, the crude cancer rate is increasing. After age adjustment
the cancer rate for men since 1937 has increased slightly, while for women it has de-
creased slightly. Cigarette smoking is a major risk factor for many cancers and leads to
more cancer deaths than any other known exposure. Compared to nonsmokers, smokers
have 10 times as much lung cancer, more than three times as much oral and laryngeal
cancer, and at least twice as much bladder cancer. Other important and modifiable
exposures include alcohol, radiation, occupation, and environmental pollution. Geo-
graphical differences in cancer rates may in part be explained by dietary differences. If
food additives and lack of dietary fiber prove to be important as cancer risks, opportunities
for prevention will be obvious.

Alcohol use is a major contributor to morbidity and mortality in the United States.
Alcohol is a factor in approximately 10% of all United States deaths. In 1977 there were
an estimated 10 million alcoholics in the country and 30,000 deaths from cirrhosis.
Alcohol use is also an important factor in deaths from accidents, homicides, and suicides.
Alcohol is associated with cancer at several sites, including head and neck, liver, and
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esophagus. Excess alcohol use is socially disruptive, interfering with employment and
family life. Domestic violence such as spouse and child abuse can often be related to
alcohol.

The acquired immunodeficiency syndrome (AIDS) has become a major contributor
to mortality in certain risk groups.* Male homosexuals are the largest risk group for
AIDS. Presently in Manhattan and San Francisco, for single males aged 25-44 years,
AIDS is the most important cause of mortality. Intravenous drug abuse and repeated
exposure to blood products are also important risk factors for AIDS. Changes in blood
banking will reduce the latter risk. Drug abuse is a risk that is theoretically preventable.
Male homosexuals can alter their sexual behavior to reduce their risk, and there is
evidence that this is occurring.*

2.3. Elderly

The population of the United States is growing older as the death rate for the elderly
falls. In 1900 only 4% of the population was older than 65 years. By 2030 that figure will
be 17% and will include 50 million people. In 1900 the death rate for those over 65 years
was 8300 per 100,000, and by 1977 the death rate for these ages was 5400. The major
decline in this rate has been for the ages 65—74. In fact mortality curves for those older
than 85 years have declined only slightly in the last 30 years.

The major categories of mortality are slightly different for the ages 65 years and older
compared to adults aged 24—64 years. Cardiovascular disease and cancer are important for
both groups. Influenza, pneumonia, atherosclerosis, and diabetes mellitus become more
important with aging, while accidents and liver disease are less common causes of
mortality (Fig. 4). Many of the elderly have multiple chronic problems. Eighty percent
have one or more chronic conditions, and these illnesses require more than 30% of
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Table I. Death Rates by Race and Sex, 19834

Ratio of age-adjusted rate

Rank Cause of death Male : female  Black : white
All causes 1.76 1.47
1 Heart disease 1.96 1.31
2 Malignancy 1.49 1.33
3 Cerebrovascular disease 1.18 1.82
4 Accidents 2.82 1.21
Motor vehicle 2.74 0.85
Other 2.93 1.64
S Chronic lung disease 2.47 0.76
6 Pneumonia and influenza 1.84 1.43
7 Diabetes mellitus 1.01 2.21
8 Suicide 3.50 0.49
9 Chronic liver disease 2.16 1.70
10 Atherosclerosis 1.29 1.02
11 Homicide and legal intervention 3.57 5.51
12 Perinatal disease 1.26 2.35
13 Renal disease 1.46 2.70
14 Septicemia 1.46 2.79
15 Congenital anomalies 1.11 1.01

aSource: Ref. §.

national health care expenditures. Mortality statistics fail to portray the impact of these
problems. More than 40% of the elderly have functional limitations due to chronic illness.
These physiological limitations include mental impairment, visual and auditory difficulty,
and arthritis. Accidents, although less important as a cause of mortality, remain signifi-
cant. Orthopedic injuries, particularly hip fractures, can be severely disabling. The day-
to-day difficulty of chronic disease is compounded by social and economic problems.
These factors together with physical problems often lead to complete dependency and a
need for institutional care.

Health statistics can say something about the social and economic factors related to
fatal or disabling diseases and events. Table I summarizes in demographic terms recent
data on leading causes of death.> Some of the differences in sex- and race-related risk are
due to socioeconomic differences. Black men are much more likely than white men to be
murdered or executed. Perhaps because of occupational differences, women are three
times less likely than men to die in accidents. Figure 5 represents years of potential life
lost between age 1 and 65 due to various problems.® These data need to be compared to
the list of leading causes of death in Table I. Although cardiovascular disease and cancer
cause more overall deaths, their impact is lessened compared to accidental injury because
they occur later in life.

3. PATTERNS OF PRACTICE

Another way of looking at health in this country is to review the reasons why people
visit physicians. Descriptions of office practice are available from individual physicians
and also from national surveys.
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Figure 5. Years of potential life lost (YPLL) in millions, from age 1 until the 65th birthday, United States,
1981-1982. COPD, chronic obstructive pulmonary disease. (Reprinted with permission from Ref. 6.)

The National Ambulatory Medical Care Survey (NAMCS) is a study of 50,000 visits
to a sample of 3000 physicians in office-based private practice. It has been conducted
annually from 1974 to 1981, and since 1984 it is scheduled for every 3 years. The most
recent available data are from 1981.7 In that year, there were approximately 585,177,000
visits to physicians, with an average of 2.6 visits per person per year. For those persons
over 65 years old, there were 4.3 visits per year. The annual visit rate for women was
higher than for men (3.1 visits versus 2.1 visits). Whites, comprising 85.7% of the overall
population, accounted for 89% of all visits.

These data allow comparisons between specialties. Table II presents the distribution

Table Il. Visits according to Selected Physician
Specialties, 19814

Number of visits

Specialty (in thousands) (Percent)
All visits 585,177 1008
General and family practice 189,966 325
Internal medicine 74,539 12.8
Pediatrics 64,539 11.0
General surgery 32,769 5.6
Obstetrics and gynecology 53,912 9.2
Psychiatry 15,954 2.7

aSource: Ref. 7.
bSubspecialty data are not included. Therefore, the overall percent-
age is less than 100%.
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of visits by specialty. The contribution from family—general practice has declined steadily
since 1975, when it accounted for 41.3% of all visits. At the same time internists have
increased their share from 10.9% to 12.8%.

The basis for these visits can be listed according to the patient’s reason for seeing the
doctor. Table III, based on NAMCS data from 1975,% compares internists and family—
general practitioners for the 18 most common problems or symptoms. In addition to data
from national sources, descriptions by individual physicians of their private practices are
useful. The categorical results of surveys are particularly difficult to interpret in areas
related to patient education and psychosocial support. In 1973 Burnum published a
description of his general internal medicine practice. He emphasized the idea of care for
the ‘‘total person.’’® Patients with disabling emotional problems accounted for 11% of
Burnum’s practice. Many of these patients had coexisting organic disease. Burnum found
that ‘*human behavior . . . was largely inseparable from internal medicine’’ and that for
most patients ‘‘functional’’ and ‘‘organic’’ problems were combined. NAMCS data
suggest that internists and family—general practitioners provide support for emotional
problems in less than 4% of patient visits.® This figure underestimates the supportive care
given as more concrete complaints are explained, investigated, and treated.

Table lll. Common Symptoms and Problems:
Comparison of Internists and Family—General
Practitionersa

Rank
Family or
Reason general practitioner?  Internistc
Back pain 1 8
Lower-extremity pain 2 4
Abdominal pain 3 5
General examination 4 1
Required examination 5 14
Fatigue 6 3
Upper-extremity pain 7 10
Headache 8 13
Chest pain 9 2
Sore throat 10 17
Cough 11 12
High blood pressure 12 6
Cold 13 16
Vertigo/dizziness 14 11
Shortness of breath 15 7
Medication 16 18
Diabetes mellitus 17 15
No complaint 18 9

aSource: Ref. 8.
bForty-seven percent total practice time.
cFifty-two percent total practice time.
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4. PREVENTION

Patients visit physicians for treatment, prevention, or explication of findings. Table
IV displays NAMCS data from 1977 and 1978 in these terms. Diseases, symptoms,
treatments, and injuries explain 78% of visits. During this period preventive care was the
major reason for 17% of visits. Table V compares various specialties in terms of their
preventive practices.!? The 10 items compared account for almost all of the preventive
care noted by this survey. Eye visits are not included, but eye examination accounts for
19% of visits to ophthalmologists. The data in Table V do not represent all the preventive
care provided during the survey period. In addition, the preventive items listed were
mentioned as secondary reasons for 19.6 million visits to physicians.

Although a significant proportion of ambulatory practice can be considered preven-
tive, there is some evidence that preventive efforts by physicians are inadequate and
erratic. Expert panels have published recommendations for periodic health examinations,
and physicians have been surveyed to see how they compared to idealized standards of
preventive care.!!=13 It should be noted that there is substantial disagreement between
experts. The Canadian Task Force on the Periodic Health Examination offers the most
conservative advice based only on properly evaluated practices.!!

Romm and others showed that practicing internists followed expert opinion in terms
of periodic health examinations for about 60% of items.1# Surprisingly, physicians in this
survey agreed least often with the most carefully established guidelines (Canadian Task
Force). Furthermore, there was substantial disagreement between the practitioners and the
experts on what should be included in a periodic examination. This study revealed both a
lack of consensus regarding specific preventive measures and a failure to implement those
measures which were acceptable.

A group of Massachusetts primary-care physicians were surveyed by mail to examine
their role in health promotion.!> Although they agreed that stopping smoking, eating a
balanced diet, and wearing seat belts were ‘‘very important,’’ less than half felt that
moderating alcohol use, decreasing salt consumption, avoiding saturated fats and choles-

Table IV. Reasons for Visits to Physicianse

Percent distribution

Reason for visit? of visits
Symptom 56.2
Disease 8.7
Treatment 9.0
Injuries and adverse effects 42
Diagnostic, prevention, screening 18.3
Test results 0.5
Administrative 1.7
Other 1.3

4Source: Ref. 10.
bNational Ambulatory Medical Care Survey 1977-78:
1,154,550,000 office visits.
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Table V. Preventive Care by Specialtye

Physician specialty (% of visits)

General and
Preventive practice family practice Internal medicine Pediatrics  Obstetrics—gynecology
1. General examination 4.3 7.7 16.0 5.5
2. Well baby examination 0.9 — 8.5 —
3. Routine prenatal care 2.2 0.0 0.1 29.1
4. Postpartum examination 0.2 — — 3.0
5. Breast examination 0.0 0.1 — 0.2
6. Gynecological examination 0.3 0.1 0.1 11.1
7. Blood pressure test 3.2 5.5 0.0 0.1
8. Pap smear 1.0 0.4 0.0 2.2
9. Prophylactic inoculations 0.9 0.5 1.2 0.2
10. Family planning 0.4 0.1 0.0 1.7

aSource: Ref. 10.

terol, and exercising regularly were ‘‘very important.”’ Regardless of what the physician
believed was important, only 3—8% thought they were ‘‘very successful’’ in helping their
patients change harmful behaviors.

Another mailed survey asked members of a California county medical society if they
preached what they practiced in their health-counseling habits. !¢ Physicians with better
personal health habits were more likely to try to help patients break unhealthy habits.
Again, as in the Massachusetts survey, a low percentage of respondents (12%) thought
they were effective in counseling against pernicious behaviors such as smoking. Internists
and family practitioners in this survey counseled more frequently than surgical specialists.

Assuming that too little preventive care is provided, what are the reasons? There are
barriers to preventive practice for both physicians and patients. Just as physicians disagree
about the benefits and applicability of some preventive methods, patients can easily
underestimate the value of early diagnosis or intervention. Most practice settings and
schedules make little allowance for the extra time and effort needed for counseling,
education, and testing. Furthermore, the majority of health insurers exclude reimburse-
ment for health maintenance or prevention. Some physicians resort to using creative
diagnoses to shift payment for screening tests to the insurance company. A comprehensive
review of the problems of implementing preventive care has recently been published.!7-18

Although it seems that prevention is the exception rather than the rule in ambulatory
practice, there is some evidence that physician education does improve adherence to
preventive standards. A randomized trial at Cleveland Metropolitan Hospital showed that
house officers routinely taught preventive guidelines actually increased their preventive
practices.!® The experimentally educated groups of residents ordered significantly more
screening mammograms and immunizations than the control groups. Long-term data from
similar experimental interventions are not available. Systems changes in clinical practice
have also been shown to improve preventive efforts. Computers can monitor the ongoing
physician—patient relationship and provide reminders when preventive measures are indi-
cated. In Indianapolis computer reminders were tested in a 2-year randomized trial.2?
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Occult blood testing, mammographic screening, weight reduction diet, and vaccination for
influenza or pneumococcus were increased in the experimental group. A nurse reminder
system was used in a similar way in a North Carolina study.?! Significant changes in stool
occult blood testing, breast examination, and influenza vaccination were documented.

Preventive strategies can be part of the hospital routine as well as the office. Fedson
argues persuasively that previous hospitalization is a common risk factor for serious
pneumococcal infection. It follows, therefore, that the hospital could be an important site
for vaccination.??

In the present economically austere health care climate, preventive medicine must
prove to be a sound investment. Although cost—benefit analyses are promising, data that
demonstrate savings from actual preventive programs are lacking.!® The potential savings
from preventive medicine are enormous. For example, in 1976 the direct costs of alcohol-
use and smoking-related disease were estimated at $20.5 billion. If indirect costs such as
lost earnings are also considered, the total cost of these two personal habits would amount
to $59.6 billion, or one-quarter of the total cost of illness in the U.S. population for that
year.23 Scheffler and Daringer describe a program for stopping smoking that costs $125
per person and is 25% successful.?> Treating 22 million smokers would ‘‘cure’’ 5.5
million. This many fewer smokers would reduce annual health costs by $2.35 billion.
There are other dramatic examples of potential savings: rubella vaccination programs;
fluoridation of community water; screening for hypothyroidism in newborns; and work
site hypertension screening and treatment. Kristein points out the favorable cost—benefit
ratio of early diagnosis and treatment of hypertension, breast and colon cancer screening,
and treatment for tobacco and alcohol addiction.?*

These brief descriptions of national health statistics and patterns of ambulatory
practice reveal the potential for prevention within a health care system that mainly treats
diseases and symptoms. Theoretically and practically, preventive medicine offers many
solutions that would ease the national burden of largely avoidable injury and chronic
disease. Physicians in their offices can prevent illness as well as diagnose and treat it.
Primary-care physicians should be leaders in the national effort to reduce mortality and
morbidity by avoiding sickness.
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History of Preventive Medicine

Daniel M. Becker

1. INTRODUCTION

The concept of preventive health care is not modern. Before the 20th-century biomedical
revolution, important advances had been made in the understanding and prevention of
infectious diseases and nutritional deficiency. Long before the advent of scientific investi-
gation into disease processes, men were explaining disease and attempting to avoid
illness. In surveying historical efforts to prevent communicable diseases and nutritional
deficiency diseases three categories of prevention are apparent; (1) individual control over
personal health through adherence to dietary and hygiene codes; (2) social control over
health by means of isolating diseased individuals or protecting large groups of people
from environmental dangers; (3) application of increased scientific understanding of
disease.

2. PERSONAL HEALTH

The dietary and personal hygiene code of the ancient Hebrews, described in Levi-
ticus, Numbers, and Deuteronomy of the Old Testament, provided protection from food-
borne and person-to-person spread of disease by calling for personal cleanliness, dietary
restrictions, and proper sexual conduct. Greek and Roman medicine, exemplified in the
writings of Hippocrates and Galen, considered disease to be a disturbed equilibrium
between ‘‘natural’’ (innate) forces and ‘‘nonnatural’’ (external) forces. The ideal healthy
life was one in which nutrition and excretion, exercise and rest were properly balanced
according to age, sex, and season. Theoretically, diet and exercise could regulate health.
This view has remained throughout history.

Although one does not usually associate the Middle Ages with an interest in healthy
lifestyles, this was indeed an important concern. During the Crusades the medical school
at Salerno developed as a center for recuperation from the religious wars. Its faculty
successfully promoted personal health by publishing what was to be one of the most
popular secular books of the era, Regimen Sanitalis Salernitum. Written originally in
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Latin verse but soon translated into common European languages, it gave simple, com-
mon-sense advice on sleep, diet, drink, and sex. For example!-2:

Joy, temperance, and repose
Slam the door in the doctors’ nose

and

Wine, women, baths by art or nature warme,
used or abused do men much good or harme

Similar advice regarding proper lifestyle appears in the 18th century in Jeremiah Waine-
wright’s Mechanical Account of the Non Naturals.! Finally, in our own times, there is a
continuing fascination with diet and exercise as routes to spiritual as well as physical
health.

3. SOCIETY

There is archeological evidence of sanitary engineering in the earliest Mesopotamian
civilizations. The Hebraic codes mentioned previously mandated both protection of the
water supply from fecal contamination and sanitary disposal of excreta. Sanskrit writings
from 2000 B.c. recommend use of copper plumbing and charcoal filtration of water.
Among the Roman engineering accomplishments were aquaducts to deliver relatively
clean water to cities, indoor plumbing, and sewer systems. Specific deities overlooked
these sanitary works: Cloacina (hence cloaca or sewer), the Goddess of Drains, and
Stercutius, the Dung-God.?

With the Renaissance and rebirth of civilization came the invention of the water
closet in 1596 by Sir John Harrington, a nephew of Queen Elizabeth. However, wide-
spread use of toilets did not occur until the 19th century. In Europe and the United States
the mid-19th century brought the ‘‘great sanitary awakening.”’ In 1850 in Massachusetts,
Lemmuel Shattuck, inspired by English sanitary reformers, published A Report of the
Sanitary Commission of Massachusetts, which called for wide-scale public health im-
provements, including a clean water supply and proper sewage.3 During the 19th century
urban water systems were progressively ‘purified, with the introduction of filtration,
chlorination, and bacterial oxidation techniques. Most of these sanitary reforms were
established before their microbiological rationale was formulated.

The recommendation that diseased individuals should be separated from society
originates from the Old Testament (Leviticus), which linked spiritual and physical un-
cleaness. Leprosy, urethral discharge, and menstruation required separation from the
community as well as a purification rite. In the Middle Ages the church policy of isolating
lepers was based on biblical admonitions. Later, plague victims were dealt with similarly.
Not only were the diseased isolated, but their homes and social contacts were also
restricted. Quarantine policies, which required visitors to communities to be isolated and
observed to ensure they were not plague carriers, developed in the 14th century. The
efficacy of these quarantine efforts was dubious since knowledge of disease spread was
limited. In the 18th century James Lind recommended that newly impressed seamen in the
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British Navy be bathed and held in “‘slop ships’’ before joining their regular ships for
prolonged tours of duty.!

Even before general acceptance of germ theories of contagion, quarantine methods
were extended in large-scale efforts at controlling disease spread. Rather than removing
the sick individual from his environment, the environment itself was changed. Sanitary
and social reformers in the late 19th century, assuming that a clean city is a healthy city,
attempted to improve living conditions. Slum clearance, provision of bathing facilities,
and improved personal hygiene reduced the incidence of urban typhus by affecting louse
transmission, even though this mode of typhus spread was not understood.!

In large cities in the 19th century, infants were increasingly fed raw cow’s milk rather
than breast milk, and diseases such as typhoid fever, scarlet fever, tuberculosis, and infant
diarrhea became rampant. Concern about milk as a vehicle for disease grew.? Abraham
Jacobi, a crusading pediatrician in New York City, began advocating boiling milk in 1873.
In the 1890s milk stations appeared in large cities, and large quantities of treated
(pasteurized) milk were distributed. Condensed and evaporated milk also provided a
disease-free milk source. Along with other social improvements, the provision of a safe
milk supply contributed to the dramatic decline in infant mortality from typhoid fever and
diarrhea in the early 20th century. Such efforts to ‘‘decontaminate’’ milk preceded the
microbiological understanding of milk-borne disease.

There are several important modern examples of how society gropes toward solutions
of public health problems despite limited scientific insight. At present there is great public
concern and controversy over poorly understood environmental health threats. Ground
water is threatened by industrial and agricultural pollutants. Safe storage and transport of
hazardous materials such as nuclear waste and toxic chemicals are not guaranteed. The
risks of nuclear accidents at power plants are real. Most frightening is the potential for
nuclear war, the ultimate public health concern. Society is trying to contend with these
dangers, but effective technological solutions are not yet available.

Society is also trying to deal with a modern plague, acquired immunodeficiency
syndrome (AIDS). As in the Middle Ages, there is social pressure to quarantine AIDS
victims, even without scientific evidence that this would prevent disease spread. With
increased understanding of the epidemiology, immunology, and virology of AIDS, effec-
tive means of interrupting transmission will be available.

4. APPLIED SCIENCE

By the second half of the 19th century and the early 20th century, public health
improvements were informed by tremendous advances in microbiology and nutrition. The
application of scientific discoveries and specific preventive strategies is relatively recent,
but the evolution of modemn disease concepts has occurred over hundreds of years.

As mentioned, Greek and Roman physicians recognized that disease was caused by
environmental factors. Occupational health risks were noted as early as the 1st century
A.D. when Pliny observed that palsy followed lead dust exposure.*

In the Middle Ages Arabian physicians preserved and elaborated Greco—Roman
medical traditions. Rhazes’ vivid descriptions of measles and smallpox were the first to
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group clinical signs and symptoms into distinct diseases with unique natural histo-
ries.5-P-129 He thus made it conceptually possible to separate causes, treatments, and
preventive methods for various diseases.

Among the new ideas of the Renaissance were theories of disease spread and a
concern for work-related illness.? In the 16th century, hundreds of years before Pasteur
and the new science of microbiology, Fracastoro theorized the contagious nature of
diseases such as syphilis, smallpox, measles, tuberculosis, and rabies. Also in the early
16th century, Paracelsus, best known for his investigations of the toxic and pharmacologi-
cal affects of various chemicals, recognized occupational diseases in miners and smelters
and suggested means of protecting workers. Neurological disease following occupational
mercurial poisoning was described by Jean Fennel in 1557.4

In the 17th century in England, Sydenham, an astute bedside observer, classified
disease according to specific historical and clinical features and then for the first time
applied treatments specific to the illness.> Although he incorrectly attributed epidemics to
atmospheric phenomena (‘‘miasmas’’), his clear descriptions of epidemic disease and his
inference that transient environmental factors underlie changes in disease frequency are
fundamental contributions in the history of epidemiology and preventive medicine.

In the 18th and early 19th centuries clinical and epidemiological experimentation
was used to test theories of disease.! In experiments with British sailors, Lind showed
that citrus fruit prevents scurvy. Jenner used cowpox to vaccinate against smallpox
(although this was the first use of vaccination to prevent disease, for thousands of years
previously in China and the Middle East, inoculums of infected material from smallpox
victims were used to transmit what was incorrectly understood to be milder disease).
Epidemiological evidence was used by Snow in 1854 to explain outbreaks of cholera in
London. Although the discoveries of Lind, Jenner, and Snow utilized scientific meth-
odology, they were made without an accurate understanding of the pathophysiology of the
disease in question.

Even though the contagious nature of many diseases was long suspected, it was not
until the 19th and early 20th centuries that microbiological and clinical evidence finally
changed medical and public health practices.?:® The simple exigency of hand washing
was urged by Oliver Wendell Holmes (1843) and Semmelweis (1848) to reduce obstet-
rical infection (puerperal fever). Lister encouraged aseptic methods in the operating room
to prevent surgical wound infection. Basic discoveries in microbiology by Pasteur and
Koch in the late 19th century created opportunities for controlling rabies, anthrax, chol-
era, and tuberculosis. In the tropics work by Manson, Ross, and Findlay established the
vector role of mosquitoes in transmitting filariasis, malaria, and yellow fever. Mosquito
control projects were then used with marked efficacy (e.g., the Panama Canal project).
The gonococcus was described and implicated in ophthalmia neonatorum in 1879, and
soon thereafter silver nitrate prophylaxis was available. The causative agent of syphilis
was identified in 1905, and serological testing (Wassermann test) as well as chemotherapy
(Salvarsan) were available a few years later. By 1900 acute as well as chronic diphtheria
(carrier state) could be diagnosed by specific microbiological means, immunity could be
assessed (Schick test), and antitoxin could be provided for treatment. Active immuniza-
tion using diphtheria toxoid was employed in large scale by 1920.

Parallel to the rapid advances in microbiology, the science of nutrition developed
quickly in the late 19th and early 20th centuries.!-® Although Lind was able to prevent
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scurvy using citrus, it was not until 1932 that the antiscorbutic factor was identified as
vitamin C. In an early clinical trial (1905), Fletcher showed that people fed uncured rice
(thiamine depleted) developed beriberi. Later, cured rice corrected the symptoms. In the
1920s in the rural south, Goldberger used epidemiological methods to show that pellagra
is a dietary disease. Xerophthalmia, described by Roman physicians, was associated with
vitamin A deficiency in 1917 by McCollum and Simmonds. Rickets was shown to be
experimentally inducible (in dogs) and then correctable with cod liver oil in 1919 by
Mellanby. In 1922 the antirachitic factor in cod liver oil was isolated by McCollum.

Progress in preventing disease was particularly rapid in the early part of this century.
Discoveries in microbiology, immunology, and nutrition led quickly to preventive inter-
ventions which markedly reduced childhood mortality from communicable disease. Ad-
vances in preventive care have continued since World War II. New vaccines have brought
control over many childhood infections, in particular polio, and have reduced adult
complications from influenza and pneumococcal infections. Prevention of congenital birth
defects and reduction of neonatal morbidity and mortality have become possible with in
utero screening techniques, genetic counseling, improved control of diabetes during
pregnancy, increased awareness of fetal risks from certain maternal infections (e.g.,
rubella, herpes simplex), and screening for Rh compatibility. Occupational health risks
have been reduced with the promotion and institution of wide-scale industrial hygiene
programs. Fluoridization of water has markedly reduced the incidence of dental caries in
children. Many other examples of improvements in preventive care as they pertain to adult
medical practice are the subject of later sections of this book.

5. UNITED STATES

Despite advances in preventive care, diagnostic testing, and therapeutics, as well as
huge investments in medical care, the nation’s health in the 20th century is only slowly
improving. Early mortality from communicable diseases has been replaced by delayed
mortality from vascular and malignant disease. At present, the life expectancy of a 45-
year-old American man is just 5 years longer than it would have been in 1900.7 This small
change highlights the limitations of medical technology in curing today’s important dis-
eases. The chronic diseases that afflict Americans as they age should be easier to prevent
than to cure. The current potential for preventive care depends more than ever on physi-
cians in practice. To clarify the physician’s position vis-a-vis preventive care, it will be
useful to trace the evolution of public health in the United States during the 19th and 20th
centuries. During this time, social changes and scientific discoveries led to a public health
movement concerned with individual health care as well as community sanitation and
hygiene. With these changes it became necessary for physicians to be concerned with
more than diagnosing and treating patients.

The late 19th century brought industrialization, urbanization, and immigration to the
United States.® From 1860 to 1910, the urban portion of the U.S. population grew from
19% to 45%. By the late 19th century, the black migration from the rural south to the
urban north had begun also. Most of the European immigrants and American blacks
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arriving in northern cities had poorly paid jobs (not infrequently in unsafe factories) and
crowded housing. Their children were particularly prone to nutritional deficiency states,
such as rickets, and communicable diseases, including tuberculosis, scarlet fever, diph-
theria, whooping cough, smallpox, typhoid fever, infant diarrhea, and malaria.

The plight of the urban poor did not go unrecognized. At the turn of the century, a
broad reform movement attempted to deal with housing, child labor, prostitution, sweat
shops, and the health consequences of poverty. This movement represented several dis-
tinct ideological concerns and social developments. In the early 20th century, conserva-
tion of natural resources became popular, and some social observers saw unnecessary
disease as a waste of human resources. The National Conservation Commission stated in
1910 that ‘‘natural resources are of no avail without men and women to develop them, and
only a sturdy and sound citizenship can make a nation permanently great.’’® This senti-
ment became prophetic a few years later when an alarming number of young men were
deemed physically unfit for the armed services during the World War I draft. Also early in
the century, there was increased attention to occupational health. The Prudential Life
Insurance Company estimated that in 1913 there were 25,000 fatal accidents, 300,000
serious injuries, and two million other injuries in U.S. workers. Although following the
Civil War state labor bureaus began to investigate worker health, it was not until the first
decade of the 20th century that this became a national issue involving a broad coalition of
concerned physicians, lawyers, labor leaders, politicians, and social scientists. Another
important element of this reform spirit was the feeling that newly arrived immigrants, in
addition to their basic needs for food, shelter, work, and health, needed to be ‘‘Ameri-
canized.”’” Concern over maternal and child health reflected the push to Americanization.
Thus milk stations, orange juice and cod liver oil distribution, immunization campaigns,
and lessons in infant feeding were programs aimed directly at health problems and
indirectly at the necessity of assimilating newly arrived immigrants into American life.

With the recognition that ill health accompanies poverty (the New York Charity
Organization in 1909 estimated that there was serious physical disability in three-quarters
of its families), reforms arose from three directions: (1) government, (2) local health
agencies with professional staffs, and (3) volunteer agencies. The scale of the problems
required government action at local, state, and national levels. Initially, government
action came only after prodding by private citizens who, galvanized by social conscience,
formed groups that promoted community health. The National Tuberculosis Association,
founded in 1904 is the oldest such group. The Society of Social and Medical Prophylaxis
was formed in 1905 to combat venereal disease. Present organizations such as the March
of Dimes, the American Heart Association, and the National Cancer Society reflect both
the changes in major illnesses that have occurred in the past 70 years and the continued
spirited involvement of concerned citizens in disease control. These organizations educate
people about their health and raise funds for research and treatment. In similar roles in the
present era major philanthropic foundations are important participants in health care
delivery and research. To conceive and administer the reforms called for by governments
and citizens groups, local health agencies were required. In 1866 New York City created
the Metropolitan Board of Health, which served as a model for other cities. Public health
laboratories were integral components of these local health agencies. New York City set
the standard with the laboratory organized in 1893 and directed by William H. Park. The
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first diphtheria antitoxin used in the United States came from this laboratory. One of the
oldest bacteriological laboratories in the United States was part of the Marine Hospital
Service on Staten Island. This laboratory later moved to Washington as the hygienic
laboratory of the Public Health Service, eventually becoming the nucleus of the National
Institutes of Health.

Despite increasing preventive activities within communities, most physicians were
committed exclusively to diagnosing and treating disease. Lack of physician interest and
involvement in community health contributed to the development of a new profession of
nonphysician public health workers. The American Public Health Association (APHA)
was founded in 1872. In 1897 80% of the 568 APHA members were physicians.? In 1900
physicians represented 63% of professional health workers. In 1960 physicians accounted
for 21% of American professional health workers. By 1969 physicians accounted for only
29% of APHA membership. The School of Hygiene and Public Health was established at
Johns Hopkins University in 1916. By 1974 there were 18 accredited schools of public
health in the United States.

With the appearance of a cadre of public health professionals, the boundary between
clinical practice and public health required clarification.® The new sciences of bac-
teriology and nutrition allowed public health workers to deal with individual health
problems (e.g., immunization) as well as the general problems of community health such
as sanitation. Inevitably, conflicts with practicing physicians arose. At issue was the
conviction among physicians that they should be free from competition or control in their
dealings with patients. Several examples illustrate this emphasis on physician autonomy.
Controversies developed when public health laboratories began to compete with physi-
cians and pharmacists in the performance of diagnostic tests (e.g., serological testing for
syphilis, Schick test for diphtheria immunity) or the production of serum. Physicians
objected vociferously to mandatory reporting of tuberculosis and syphilis instituted near
the turn of the century by the New York City Health Department. School examination
programs, tuberculosis clinics, and maternal and child health centers intruded on the
physician domain of patient examination.

Physicians did not want to do public health work any more than they wanted public
health workers to provide individual patient care. One reason for this has been that
preventive care and public health receive relatively little attention at schools of medicine.
When the APHA was founded (1872), its first president called for the addition of *‘sani-
tary science’’ to the medical school curriculum in order to encourage the profession to be
‘“as much devoted to the practice of the art of preventing as it is in curing disease.”’® In
response to the ‘‘lack of due emphasis of the practitioner’s role as an apostle of hygiene no
less than therapy,”” the Rockefeller Foundation helped found the nation’s first public
health school at Johns Hopkins University in 1916.6 In 1913 William Osler lectured on
preventive medicine at Yale University.!? He referred only to community measures of
hygiene and sanitation and did not mention the relevance of preventive medicine to
clinical training or individual practice. With the rapid growth of medical science follow-
ing World War II the increasingly crowded medical school curriculum left little room for
public health topics. In fact, students wanted to deemphasize instruction in this area.

The meager public health content of medical school curricula reflected the lack of
status and economic reward of public health work compared to private practice.!!-12 In
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1886 an article in the Journal of the American Medical Association ascribed the limited
opportunity for preventive practice to a system that ‘‘makes the physician’s income
dependent on the amount of sickness’’; in other words, ‘‘millions for care and not one
cent for prevention.’’!3 Traditionally, the tangible rewards of medicine, both financially
and personally, are found at the bedside. Surveys of medical students, house staff, and
practicing physicians bear this out.!4:1> Few students are interested in public health
careers, and the perceived importance of public health topics in medical education falls
steadily during medical school, residency training, and practice.

Encouragingly, the situation in medical schools has changed in the past 25 years, and
most medical schools now have separate departments responsible for teaching and pro-
moting the various tenets of public health.!6-17 As the public health profession became
more oriented to individual care in the early part of this century, the medical profession
gained a public health perspective while attempting to deal with chronic disease and
skyrocketing health care costs. The increasing government role in health care research,
planning, and financing has helped to shape this outlook. Topics such as preventive care,
clinical epidemiology, cost—benefit analysis, and biostatistics have been linked to pri-
mary-care clinical specialties, and thus in a sense validated.1® In the 1950s the specific
specialty of preventive medicine emerged, embracing occupational health and preventive
care. Growing numbers of primary-care specialists in academic settings help to bridge
schools of medicine and public health.

At present the turn-of-the-century distinction between individual and community
health is blurred. Preventive care has been popularized, and despite organizational as well
as fiscal constraints, physicians are attempting to practice prevention.!? The epidemio-
logical and clinical rationale of this type of health care is the major subject of this book.
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Screening for Early Disease
Interpretation of Diagnostic Tests

John T. Philbrick and Daniel M. Becker

1. INTRODUCTION

Diagnostic tests play an important role in the clinical strategies of preventive medicine.
Some aspects of disease prevention are applicable to all and can be recommended unselec-
tively. Examples include wearing seat belts and avoiding excessive use of alcohol. Other
aspects of prevention require the selection of certain higher-risk groups in whom interven-
tion would be beneficial. This selection is often done clinically, as with the use of
pneumococcal and influenza vaccines in the elderly or in patients with pulmonary disease.
However, many areas of preventive medicine rely on diagnostic tests in the implementa-
tion of a clinical strategy. Diagnostic tests are used in prevention in three ways.

1.1. Diagnosis of Asymptomatic Disease

Patients may be afflicted with a disease at an early stage, before they note symptoms
that lead them to seek medical attention. Use of tests to diagnose these asymptomatic
diseases is usually referred to as ‘‘screening.’’ Examples of screening are the blood
pressure testing performed by rescue squads or other groups in shopping malls and the
legal requirement for premarital syphilis serology. Use of tests to diagnose asymptomatic
disease in the doctor’s office is sometimes referred to as ‘‘case finding,”’ because the tests
are performed on patients who have already presented themselves to providers of medical
care for other reasons. Examples of case finding are the yearly performance of testing for
blood in bowel movements and yearly mammograms ordered by a physician. In recent
years, little distinction is made between screening and case finding. Most authorities
consider them both screening activities.

1.2. Identification of Risk Factors for the Development of Disease

Some screening tests do not directly uncover an asymptomatic disease, but rather
identify risk factors for the development of a disease. For example, hypercholesterolemia

John T. Philbrick and Daniel M. Becker * Department of Internal Medicine, University of Virginia School
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usually is clinically relevant only insofar as high cholesterol is a risk factor for athero-
sclerosis.

1.3. Monitoring the Result of an Intervention Aiding in Disease Prevention

Tests can be used to monitor the effect of an intervention aimed at prevention. There
is, perhaps, a fine line between what is ‘‘preventive’’ activity and what is treatment of a
disease. However, to the extent that hypercholesterolemia is a risk factor and not a
disease, monitoring serum cholesterol to assess the effect of diet and drug therapy can be
included in this category.

The interpretation of results of tests used in preventive health care involves more than
knowing the magnitude of the result or whether it is positive or negative. The interpreta-
tion of screening tests is fraught with difficulty. The following sections provide the
background necessary to understanding the role of diagnostic tests in preventive health
care.

2. TERMINOLOGY

The purpose of this section is to define terminology useful in discussing diagnostic
tests. See Table I for help in understanding this section.

2.1. Two-by-Two Table

Most test results are classified as either positive or negative (or normal or abnormal).
Patients can usually be divided into two groups, those with the disease for which the

Table I. Definitions Used with Diagnostic Testsa

Confirmed disease

Result of diagnostic test Present Absent
Positive a b
(true positives) (false
positives)
Negative c d
(false (true
negatives) negatives)
a e
Sensitivity ate
Specificity = d
pecticty =3 a
- ... _a
Accuracy of positive prediction = _a b
Accuracy of negative prediction = —c y

a+tc

P =
revalence Ttbtctd
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patient is being tested, and those without the disease. The results of tests performed on a
group of patients in which disease state (presence or absence) has been determined can be
organized in a two-by-two table, as in Table I. Once the data are arranged in this fashion,
the important indices of test efficacy can be calculated.

2.2. Gold Standard

It is essential in dealing with diagnostic tests to have some definitive way of deter-
mining whether the patient actually has the disease in question. Only after a patient has
been accurately classified as ‘‘diseased’’ or ‘‘nondiseased’’ can we make a two-by-two
table to calculate the indices of test efficacy. The definitive test used to establish the
disease state is known as the ‘‘gold standard.’” With some diseases, such as cancer of the
colon, this is.a simple task. A pathology report is all that is needed. Establishing the
disease state is less clear-cut with coronary disease. A coronary angiogram is usually
accepted as the gold standard of coronary disease, but what constitutes a positive an-
giogram? Is it 50% luminal diameter narrowing? Or should it be 75%? Or should it be
some other criterion? An even more difficult situation is chronic pancreatitis. What is the
gold standard for presence of disease, especially if the amylase is normal? Fortunately, for
most diseases, a reasonable gold standard is available.

2.3. Sensitivity and Specificity

These are the two indices of test efficacy most commonly used to describe how good
a test is. Values for sensitivity and specificity are obtained by performing the test on
groups of patients who have the disease in question and on other groups who are free of
the disease. Sensitivity is calculated by dividing the number of patients with both a
positive test and the disease by the total number of patients with the disease. An ideal test
would be positive in all diseased patients and thus would have a sensitivity of 1.0.
Specificity is calculated by dividing the number of patients with a negative test and who
are free of the disease by the total number of patients tested who do not have the disease.
An ideal test would have no false negatives and would have a specificity of 1.0. Both
these indices are calculated ‘‘vertically’’ on the two-by-two table (Table I). That is,
sensitivity is calculated using only the information in the first column on the table, and
specificity is calculated using only the information in the second column. This fact has
major implications for the usefulness of these two indices. These indices can be defined in
probabilistic terms: sensitivity is the likelihood, given a patient is diseased, that the test
will be positive; specificity is the likelihood, given the patient is disease free, that the test
will be negative. Unfortunately, this information is not what the clinician needs to know.
The clinician performs a test on patients in whom the disease state is unknown and wishes
to use the test result to predict the likelihood of the disease being present. This information
is supplied by the indices discussed in the next section.

2.4. Accuracy of Positive Prediction and Accuracy of Negative Prediction

Accuracy of positive prediction is calculated by dividing the number of those with
both a positive test and the disease in question by the total number of patients with a
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positive test. Accuracy of negative prediction is calculated by dividing the number of
patients with both a negative test and no disease by the total number of those with a
negative test. These are the ‘‘horizontal’’ indices because each one deals with only one
row of the two-by-two table. These indices provide just the information that clinicians
need to know to interpret the results of the test. They provide the likelihood, given the test
result, of whether the patient has the disease or is free of the disease. Unfortunately, as
will be discussed in the next section, these indices are not constant, but rather vary widely
depending on the ratio of diseased to nondiseased patients in the population in which the
test is being performed.

These indices have been referred to by many other terms, including predictive value
of a positive (or negative) test, positive (or negative) predictive accuracy, and even
diagnostic sensitivity (or specificity).

2.5. Prevalence

Prevalence is defined as the number of patients with the disease in question divided
by the total number of patients in the population being studied. Prevalence varies from
population to population. For example, the prevalence of coronary disease (defined by a
‘‘significant’” narrowing on coronary angiogram) in a group of patients with typical
anginal pain is probably about 90%. Of course, the prevalence of coronary disease in a
group of patients with no symptoms will be much lower, perhaps 5%.

2.6. Reliability

A test is sometimes repeated in the same patient. Reliability, or reproductibility, is
the likelihood that the same test result will be obtained each time the test is performed.

3. EFFECT OF PREVALENCE ON PREDICTIVE VALUES

In the best of worlds, a positive test would prove beyond doubt the presence of
disease, and a negative test would likewise exclude disease. The next best would be for
the test, if it could not absolutely rule in or rule out disease, to at least give the same
accuracy of positive prediction and accuracy of negative prediction in all persons to whom
the test is applied. Unfortunately, unless the test is ‘‘perfect’” (i.e., has a sensitivity of 1.0
and a specificity of 1.0), the predictive accuracies are not constant, but vary depending on
the prevalence of disease in each group of patients tested. This variation is often great.
Table II shows the theoretical variation of accuracy of positive prediction of an imaginary
test with both sensitivity and specificity of 0.95. Note how low the accuracy of positive
prediction is for the lower prevalence values.

This principle is best made clear using a real example. The treadmill exercise test is
frequently used to determine the presence or absence of significant coronary artery dis-
ease. It is often used in three different clinical situations: (1) in asymptomatic patients to
screen for coronary disease; (2) in patients with chest pains ‘‘atypical’’ for angina to
determine the etiology of the pain; (3) in patients with typical angina to ‘‘rule in”’
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Table Il. Variation of Accuracy
of Positive Prediction with

Prevalencea
Prevalence Accuracy of

(%) positive prediction
0.01 0.002
0.1 0.02
1 0.16

10.0 0.68

50.0 0.95

90.0 0.99

aSensitivity = 0.95; specificity = 0.95.

coronary disease. Table III gives an estimate for the prevalence of coronary disease
(determined by coronary angiography) in each of these three situations.!

A pooling of the results of 33 exercise testing studies provides a rough estimate for
the sensitivity (0.65) and specificity (0.88).2 Using these values along with the prevalence
estimates, it is simple to calculate the expected distribution of test results among the cells
of the two-by-two table for any size patient group.

Tables IV through VI show the expected results of three theoretical studies of 100
patients each: Table IV gives the results for a group of asymptomatic men, Table V the
results for a group with atypical chest pain, and Table VI the results for a group of patients
with typical angina. Once the cell numbers for each of the tables are calculated, it is easy
to determine the indices of predictive accuracy. The accuracy of positive prediction varies
from 0.22 to 0.98 over the three clinical groups. The accuracy of negative prediction
varies from 0.98 to 0.22. This variation occurs because the indices of predictive accuracy
are calculated ‘‘horizontally.’” As the prevalence of disease changes in each of the
theoretical studies, the ratios from which the ‘‘horizontal’’ indices are calculated [a/(a +
b); (d/c + d)] necessarily change. The only exception to this rule would be the case of the
perfect test, where if sensitivity and specificity were both 1.0, there would be no false
positive tests (b would be zero) and no false negative tests (¢ would be zero).

Clinicians who have never heard of diagnostic test theory often intuitively come to
the same conclusions concerning predictive accuracy. For example, a clinician who
obtains a negative sputum cytology in a patient with a lung mass usually concludes that

Table Ill. Approximate
Angiographic Prevalence of
Coronary Disease in Men

Clinical subset %
Asymptomatic 5
Typical angina 90

Atypical angina 50
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Table IV. Calculation of Predictive Accuracies of the
Exercise Test for Coronary Disease: Asymptomatic Mena

Angiogram
Stress test Positive Negative
Positive 3.25 11.4
Negative 1.75 83.6
Column total 5 95
aAccuracy of positive prediction = 32
325+ 11.4
Accuracy of negative prediction = 836
y of negative p 175 + 83.6

Prevalence = 5%; N = 100; sensitivity = 0.65; specificity = 0.88.

CHAPTER 3

the test is falsely negative and continues to pursue the diagnosis. A clinician who obtains a
very high potassium level in a healthy person who is not on potassium supplementation or
does not have renal disease usually assumes that the test is a false positive owing to

hemolysis of the blood sample and arranges for the test to be repeated.

4. CHARACTERISTICS OF A GOOD SCREENING TEST

A number of factors must be taken into consideration in selecting a screening test.

These factors are discussed in the sections that follow.

4.1. High Sensitivity

The purpose of a screening test is to detect the presence of disease whenever it is
present. This requires that there be few false negative tests. Since this means that ¢ in

Table V. Calculation of Predictive Accuracies of the
Exercise Test for Coronary Disease: Atypical Anginae

Angiogram

Stress test Positive Negative
Positive 32.5 6
Negative 17.5 44
Column total 50 50
aAccuracy of positive prediction = 323 _ 0.84

325+6 ’
. - S
Accuracy of negative prediction = 175+ 44~ 0.72

Prevalence = 50%; N = 100; sensitivity = 0.65; specificity = 0.88.
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Table VI. Calculation of Predictive Accuracies of the
Exercise Test for Coronary Disease: Typical Angina@

Angiogram

Stress test Positive Negative Row total
Positive 58.5 1.2 59.7
Negative 31.5 8.8 40.3
Column total 90 10 100
@Accuracy of positive prediction = —85 0.98

58.5 + 1.2 ’
. L 8.8 _
Accuracy of negative prediction = 315+88 0.22

Prevalence = 90%; N = 100; sensitivity = 0.65; specificity = 0.88.

Table I must be relatively small and sensitivity must be high [remember, sensitivity is
defined as a/(a + ¢)].

4.2. Relatively High Specificity

Even though sensitivity is quite high in a good screening test, if the specificity is low
an excessive number of false positive tests would result (b in Table I). This would create a
low accuracy of positive prediction [a/(a + b), Table I], especially in populations in
which the disease for which the test is performed is uncommon. This type of test might
still be satisfactory if a reasonable confirmatory test were available that was highly
specific. (See Section 8.1 for an example.)

4.3. Simplicity

A screening test is intended to be applied to large numbers of people on a regular
basis. The simpler the test procedure, the more likely that it will be widely used. It should
not require lengthy training for those performing the test, it should not require compli-
cated patient preparation, and it should be relatively easy to perform. For example,
colonoscopy is a highly sensitive and specific test for colon carcinoma, but would be
unwieldy as a screening test because it is not simple enough to be applied on a large scale.
On the other hand, blood pressure screening is simple and therefore is commonly
performed.

4.4. Safety

Since the majority of people on whom screening is performed are healthy, or at least
have no complaints referrable to the disease for which they are being screened, the test
must be very safe. It would be unacceptable to cause injury by the screening activity itself,
or by the workup of many false positive tests created by screening, unless the possible
injury is heavily outweighed by the benefits of the screening activity.
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4.5. Acceptability

A screening test must not be so difficult, uncomfortable, or unpalatable as to be
unacceptable to the patient. Screening tests are performed on people who have no symp-
toms, so an uncomfortable test could easily dissuade patients from undergoing them. A
rigid sigmoidoscopy is one such test that is often refused on that basis. A flexible
sigmoidoscopy, because of its greater comfort, is more readily accepted.

4.6. Low Cost

The benefits of screening must justify the cost. As far as society is concerned, limited
health dollars should be used where the greatest benefit to health can be obtained. If a
screening program is so expensive that the cost of finding one case is too high, then it is
discouraged even if effective. On the other hand, the patient’s out-of-pocket costs for
screening can limit wide application. An individual may refuse an effective screening test
just because it is not covered by his insurance policy.

5. FACTORS THAT AFFECT SENSITIVITY AND SPECIFICITY

Although in theory the sensitivity and specificity of diagnostic tests are independent
of disease prevalence, these characteristics are nevertheless affected by aspects of the
population that is tested. Thus, the defined sensitivity and specificity of a particular test
should not be taken for granted. As diagnostic aids are developed and promoted, their
sensitivity, specificity, and ultimate efficacy vary considerably among different investiga-
tors over time. This variation arises from differences in the spectrum of disease within the
tested population and from various types of bias incorporated into the evaluation process.>

5.1. Spectrum of Patients

In defining a test’s sensitivity it is important that the diseased population represents a
wide spectrum of pathological and clinical features. For example, although carcinoembry-
onic antigen (CEA) is often elevated in cancer patients, it may be negative early in disease
but easily measured in the later stages.* Sensitivity of this test among patients with widely
metastatic disease is fairly high. However, if the spectrum of disease were broad, there
would be more false negative tests and CEA measurement would be an insensitive disease
marker.

Similarly, the nondiseased or control population used for estimating specificity
should include patients with different diseases that would challenge the test’s specificity.
Thus angiotensin converting enzyme (ACE) as a marker for sarcoidosis seems specific
only if patients with other granulomatous diseases are excluded from the control groups.>
It turns out that other granulomatous and pulmonary diseases, many of which are impor-
tant to distinguish from sarcoidosis, have elevated (false positive) ACE levels.

5.2. Bias

In addition to an adequate spectrum of disease, accurate and nonbiased determination
of both disease state (present or not present) and test results (positive or negative) is
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important for the proper evaluation of test efficacy. Unless these determinations are made
independently, the test may seem better than it really is.

Thus a positive or negative test result, if known to the investigator, may change the
disease workup. Positive results may lead to further efforts to find disease, whereas
negative results may inhibit such diagnostic enthusiasm. False positive tests would be
discovered if the subsequent workup were negative. On the other hand, false negative
results may not be pursued. If disease is thus underdiagnosed, the test’s sensitivity
(positive test in diseased patients) is exaggerated. Ransohoff and Feinstein offer as an
example the evaluation of a new gallbladder scan in which only positive scans had further
tests to document cholecystitis.3

Another type of bias applies if the investigator knows the diagnosis before the test
result is interpreted. It would be hard to ignore the pulmonary angiogram result when
reading a lung scan. ‘‘Monday morning quarterbacking’’ should not be used in judging a
study positive or negative.

5.3. Exercise Testing as an Example

Problems of both spectrum and bias have been noted in the literature that discusses
exercise testing for coronary artery disease. In a review of 33 studies of exercise testing,
sensitivity varied from 35% to 88%, and specificity varied from 41% to 100%.2 This wide
range of test efficacy was noted amid equally variable research methodology. Many of the
studies did not take steps to limit biased interpretations of the stress test results. A group
of biased studies would be expected to have variable results. An important aspect of this
variation also was related to the limited spectrum of patients available for the research.®
Of 205 consecutive exercise tests from two hospitals, only 3% of the studied patients
would have been eligible for a study of the exercise test’s efficacy. Reasons for exclusion
included coexisting diseases or medications that make electrocardiogram interpretation
difficult, technical problems in performing the tests, and physician unwillingness to
subject the patients to angiography. The patients ultimately eligible represented the tip of
the clinical iceberg. It would be hazardous to generalize their results to the total hetero-
geneous population receiving exercise tests.

6. CHARACTERISTICS OF DISEASES FOR WHICH SCREENING IS
WORTHWHILE

Assuming that a screening test is sensitive, specific, practical, and reliable, and
therefore potentially beneficial if applied to large populations, there remain important
issues regarding the efficacy of large-scale testing.” These issues involve characteristics
of the disease for which screening is performed.

6.1. Relatively High Prevalence

To justify the cost of screening, the disease in question must be relatively prevalent
in the overall population. The prevalence of the disease (i.e., the number of people with
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the disease at any point in time) depends on its frequency and duration. Screening for rare
diseases is generally not feasible because the cost per case detected is high. Furthermore,
with rare diseases the accuracy of positive prediction of even a very specific test is low.
Screening for phenylketonuria (PKU) illustrates these problems.® In most states screening
neonates for PKU is mandated by the legislature. At a cutoff of blood phenylalanine levels
where no PKU cases would be missed, the test has a sensitivity of 100% and a specificity
of 99.95%. However, if the incidence of PKU is one case per 10,000 live births, then the
accuracy of positive prediction is only 17%. It is estimated that $10 million is spent
annually to screen three million neonates to find 300 cases. Despite the very high sen-
sitivity and specificity of the test, the screening program is very inefficient and the cost
per case detected is quite high.

6.2. Long Duration

Among more common diseases, those with long durations are more likely to benefit
from screening. Diseases with long natural histories have higher proportions of pre-
clinical, detectable cases. For example, breast and cervical carcinoma develop relatively
slowly, and there is ample opportunity to search for early disease. Hematological malig-
nancies are relatively common, but because they often develop and progress quickly, it is
harder to detect an early, treatable phase of the illness.

6.3. Serious Consequences

The screened disease should have serious consequences. Diseases that are morbid
and ultimately fatal are suitable for screening. In these terms most cancers are eligible.

6.4. Treatable Disease

Early detection of an untreatable disease does not change the ultimate outcome. For
example, biochemical markers of genetic diseases can be measured. Huntington’s chorea
can now be diagnosed years before symptoms, yet there is no treatment that then alters the
natural history. Most diseases, however, have some mode of therapy, and even if cure is
not possible early treatment often improves the outcome. Detection and treatment of
moderate or severe hypertension prevents morbid outcomes such as stroke even though
the hypertension is not cured. Very few cancers can be cured, but in some instances
treatment offers prolonged survival and improved quality of life. The hope for a surgical
cure of cancer is based on early detection. Screening programs can be aimed at diseases
treatable in some sense, but the benefits of early detection can be difficult to measure
properly.®

7. DISTORTIONS CREATED BY SCREENING

An important problem in determining the efficacy of large-scale screening is the
potential distortion of the natural history of diseases by screening.

7.1. Pseudodisease

Screening might uncover lesions that would never have caused clinical disease (see
Fig. 1b), hence the term pseudodisease. Some cases of pseudodisease would remain
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asymptomatic or even regress to pathologically normal states. Other cases might get
worse, but coexisting and severe diseases would interrupt the natural history of the
pseudodisease. The presence of cases of pseudodisease in the screened population ac-
counts for some of the reports of successful screening programs. For example, some of the
colonic polyps found by screening undoubtedly are pseudodisease.

7.2. Bias

Experimental evaluations of screening programs are expensive and impractical. Nev-
ertheless, randomized clinical trials in which the mortality rates of the screened and
unscreened populations are compared provide the most valid means of evaluating screening
results. In the 1960s the Health Insurance Plan (HIP) of Greater New York completed a
randomized trial of breast cancer screening using mammography.!® Over 60,000 women
were enrolled, and reduced mortality for screened women between the ages of 50 and 59
was demonstrated. This study is unique in its size and detail. There are only a few such
randomized trials of screening interventions. Most screening programs have been evalu-
ated using nonexperimental methods and are thus prone to several types of bias.

The effects of voluntary screening programs can be estimated by comparing mor-
tality between the screened population and the general population within the area. Howev-
er, patients who are self-selected for screening may be more health conscious or may be
aware of a personal risk factor. Such patients would bias the results of screening since
neither their risk nor their compliance would vary in a random fashion.

Another means of evaluation compares the mortality of screening-diagnosed patients
with symptom-diagnosed patients. The time between screening diagnosis and clinical
diagnosis is termed ‘‘lead time.’’ Prolonged survival in a screened patient may only be
due to lead time (see Fig. 1a,c). In the figure the time from C to F is longer than from D to
F, but the time of death is the same. In the HIP study patients with a diagnosis made by
screening had an average lead time of 1 year, and to avoid lead time bias their survival at 6
years was compared to the survival of clinically diagnosed patients at 5 years.

‘‘Length bias’’ is another problem that complicates comparisons between screening-
diagnosed cancer patients and symptom-diagnosed patients. Slowly growing tumors are
easier to detect and have a better prognosis than rapidly growing tumors. The slowly
growing tumors would also be more prevalent. Length bias refers to the overrepresenta-
tion of slowly growing tumors in the screened population. Even if early treatment has no
effect, the screened patients would survive longer because their tumors are biologically
different. It is difficult to measure or correct for length bias. If screening is repeated,
patients diagnosed by later screening (i.e., initially negative) would have fast-growing
tumors, and comparisons at these stages of the screening program would be relatively free
of length bias.

8. APPLICATION OF DIAGNOSTIC TEST THEORY TO SCREENING
TESTS

This section discusses several examples of diagnostic tests that have been used or
considered for use as screening tests to illustrate the principles outlined.
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8.1. Syphilis Screening

Serological testing for syphilis has been widely used for screening purposes. The
relevant tests illustrate several principles of screening. Following infection by Treponema
pallidum two general classes of antibodies can be measured: nonspecific (nontreponemal)
reagins directed against a host—parasite-derived lipoidal antigen and specific anti-
treponemal antibodies. The sensitivity of these tests during various states of syphilis is
shown in Table VII.11~13 The specificity (Table VII) varies somewhat with the popula-
tion surveyed.

The FTA-ABS test seems superior to the VDRL since it is clearly the more sensitive
and specific test. However, the FTA—-ABS is more expensive and more difficult to
perform than the VDRL. Although in general the most sensitive test is used for screening,
in this example the practicality of testing determines policy. Since the VDRL test is
cheap, simple to perform, and reliable, it is recommended by the Centers for Disease
Control for screening asymptomatic populations.!# If the VDRL is positive and there are
no associated clinical findings, the diagnosis of syphilis can be confirmed by a treponemal
antibody test. Figure 2 illustrates how sequential testing works. This example is modified
from Griner et al.13

8.2. Screening for Coronary Artery Disease

Screening for coronary artery disease is often advocated, especially in certain oc-
cupation groups such as airline pilots and firefighters and also in middle-aged persons
desiring to embark on an exercise program. The standard treadmill test is often used in this
situation. Table IV shows the results of a screening program of this type applied to a group
of 100 men with 5% prevalence of coronary disease. The 85 men with a negative stress
test would be quite relieved. However, two of these tests are false negatives. Fifteen men
would have positive tests, but only three would be true positives. Since coronary disease
is such a worrisome problem and since it has no simple treatment, further testing is usually
obligatory to eliminate the false positives. This is done with a stress thallium test or the
more risky coronary arteriography. Thus, the relatively low sensitivity of the exercise test

Table VIl. Sensitivity and Specificity of Serological
Tests for Syphilis

Stage VDRL# FTA-ABS?

Sensitivity

Primary 0.78 0.85

Secondary 0.97 0.99

Late 0.77 0.95

Latent 0.74 0.95
Specificity

Noninfected patients 0.80-1.0 >0.99

“Venereal Disease Research Laboratory.
bFluorescent treponemal antibody absorption.
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10,000 population (2% prevalence of syphilis)

/ N

200 syphilis 9800 no syphilis
VDRL testing VDRL testing
Sensitivity = 0.85 Specificity = 0.80
30 false negative 170 true positive 8740 true negative 160 false positive
FTA-ABS testing FTA-ABS testing
Sensitivity = 0.95 Specificity = 0.99
9 false negative 161 true positive 158 true negative 2 false positive

Misclassification: 30 false negative VDRL tests
9 false negative FTA-ABS tests
2 false positive FTA-ABS tests
41 total misclassified patients

Figure 2. Sequential testing for syphilis. (Modified from Ref. 15.)

results in close to four false positives for every true positive found. This low accuracy of
positive prediction, along with the high cost of the test, makes exercise testing for
coronary disease a poor screening activity.

Another factor to consider in screening for asymptomatic coronary disease is the lack
of proven treatment for the asymptomatic patient. Many physicians would not change or
initiate therapy for those patients.

8.3. Screening for Breast Cancer

Cancer of the breast is the most common cause of cancer death in women. !¢ Because
evidence exists that early detection and treatment result in decreased mortality, screening
for breast cancer has been a high priority for those interested in prevention.!” There are
two widely advocated screening modalities for breast cancer: breast self-examination and
mammography.

Breast self-examination is clearly inexpensive and simple to perform. However, it
has several drawbacks. Few women actually do breast examination regularly.!® The

Table VIII. Sensitivity and Specificity
of Breast Cancer Screening Modalities

Modality Sensitivity Specificity
Self-examination 0.35 —
Physical examination 0.38 0.90

Mammogram 0.75 0.90
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technique is so insensitive (Table VIII), that most cancers are missed.!® Because of the
low prevalence of breast cancer in the general population compared to fibrocystic disease,
the accuracy of positive prediction of a lump found by breast self-examination is only
about 20%.2° Although several studies have shown benefit of self-examination measured
by earlier disease detection, no reduction of mortality has been demonstrated.?!

Mammography is recommended as a preferable screening tool. Despite the higher
cost and increased complexity of the test over breast self-examination or even physical
examination by a physician, the mammogram has a great advantage in its higher sen-
sitivity (Table VIII).!° Also, mammography screening has been shown to reduce mor-
tality from breast cancer by 30% in women between ages 50 and 59.!° For these reasons,
policy makers have concluded that mammograms are a necessary ingredient of breast
cancer screening.
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Adult Immunization

David S. Fedson

1. INTRODUCTION

Among all of the challenges of clinical preventive medicine, immunization offers the most
clear-cut benefits and greatest likelihood for success. Nonetheless, vaccines often are not
regarded as examples of high-technology medical care (which they are),! and their use
among adults has not been widespread. In contrast, almost all children in the United States
receive their required childhood immunizations by the time of school entry. So successful
has this been that a substantial proportion of the remaining morbidity and mortality from
these vaccine-preventable diseases of childhood now occurs in older adolescents and
adults. Thus successful implementation of adult immunization programs is still one of the
major challenges in prevention facing physicians.

Current programs for promoting adult immunization focus on the major diseases for
which vaccines are given in childhood—tetanus, diphtheria, measles, mumps, rubella,
and poliomyelitis—together with two diseases—influenza and pneumococcal infec-
tions—to which selected groups of adults may be at increased risk. The vaccines for these
diseases are reviewed in this chapter. Hepatitis B vaccine, bacille Calmette Guérin (BCG)
vaccines, and vaccines for foreign travel are discussed elsewhere in this book.

The vaccines and toxoids recommended for all adults are summarized in Table 1. In
addition, some of these vaccines are indicated for selected groups of adults whose medical
conditions, occupations, or living circumstances place them at increased risk of infection.
Detailed information on each of the vaccines can be found in the statements issued by the
Immunization Practices Advisory Committee (ACIP), which are published in Morbidity
and Mortality Weekly Report, in the American College of Physicians’ Guide for Adult
Immunization,? and in other texts.3-* Physicians must be thoroughly familiar with each
product, and patients must be fully informed about the potential risks associated with
immunization as well as the important benefits of preventing disease in both the individual
and in the community.

David S. Fedson ¢ Department of Internal Medicine, University of Virginia School of Medicine, Charlottes-
ville, Virginia 22908.
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Table I. Vaccines and Toxoids Recommended for All Adults

Age group (years)

Vaccine or toxoid 18-24 25-64 65+
Influenza® — — +
Pneumococcal? _— — +
Tetanus/diphtheria (Td) toxoids< + + +
Measles4, mumps¢, rubella’ (MMR) + + —
Poliovirus& —_ — —_

aInfluenza vaccine should be given annually to younger persons with high-
risk conditions and can also be given to any healthy adult who wishes to
avoid influenza virus infection.

bPneumococcal vaccine is indicated for younger persons with high-risk
conditions, particularly surgical or functional asplenia.

<Booster doses of combined tetanus and diphtheria (Td) toxoids should be
given every 10 years.

dMeasles vaccine is indicated for persons born after 1956 and for those
who received inactivated measles vaccine from 1963-1967.

¢Mumps vaccine itself is indicated primarily for susceptible men, but can
be given safely to all adults.

fRubella vaccine is recommended for women of childbearing age (=45
years). Rubella vaccine and MMR vaccine are contraindicated during
pregnancy, and adequate contraception should be ensured for 3 months
following immunization.

gPoliovirus vaccine is not routinely recommended for adults, but inactivated
poliovirus vaccine (IPV) can be given to nonimmune parents of children
who are to be immunized with live oral poliovirus vaccine (OPV).

2. INFLUENZA VACCINE

Epidemics of influenza are among the most significant causes of acute respiratory
disease in the United States. They occur in most communities every year and are marked
by increased rates of school and work absenteeism, physician visits, and hospitaliza-
tion.>-¢ Influenza remains a significant cause of excess mortality, and of 10,000-40,000
or more deaths associated with each epidemic, 80—90% occur in persons 65 years of age
and older.” The overall economic cost of each epidemic exceeds several billion dollars.

Influenza type A viruses that infect man are classified into subtypes on the basis of
their two surface antigens—hemagglutinin (H1, H2, H3) and neuraminidase (N1, N2).
Since 1977 variants of H3N2 and HIN1 have cocirculated. Although each subtype has
been responsible for epidemic disease, excess mortality has been associated primarily
with H3N2 outbreaks. The antigenic ‘‘drift’’ characteristic of type A influenza viruses
occurs less frequently with type B viruses. Infections with these viruses generally have
been less widespread, although in some years type B viruses have been the predominant
cause of severe disease and death.

Current influenza vaccines are trivalent preparations containing 15 pg of each
hemagglutinin antigen from the type A (H3N2 and HIN1) and type B variants that are
expected to cause outbreaks of disease. Antigenic drift necessitates periodic reformulation
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of the vaccine. Occasionally antigenic change is not recognized in time to meet the
production schedule of the manufacturers, and a supplemental vaccine must be prepared,
as occurred with the monovalent A/Taiwan/86 (H1N1) vaccine in 1986—-1987. Influenza
vaccine is administered intramuscularly (0.5 ml/dose) and generally leads to the develop-
ment of serum and secretory antibodies to both surface antigens. Protection against
clinical illness is best correlated with a serum antihemagglutinin titer of 1 : 40 or greater.
This antibody level is achieved in 90% or more of immunocompetent adults, including the
elderly. Clinical protection is dependent on the closeness of the ‘‘match’’ between the
vaccine and epidemic strains. When there is a good match, influenza vaccine is usually
60—80% protective against clinical illness in younger adults. Among the elderly protec-
tion may be less than 50%, although protection against pneumonia, hospitalization, and
death is much greater.

Influenza vaccine is extremely safe. It contains inactivated virus and thus cannot
cause influenza itself. Side effects attributable to the vaccine have virtually disappeared
since modern methods of vaccine production were introduced 15-20 years ago. In adults
local reactions are uncommon, and serious systemic reaction are very rare. Importantly,
no increased risk of adverse neurological reactions, including Guillain-Barré syndrome,
has been observed over the past decade. The only contraindication to receipt of influenza
vaccine is known anaphylactic hypersensitivity to eggs. Although immunization may alter
the hepatic clearance of several drugs, including warfarin, theophylline, and phenytoin,
none of these changes has been shown to be clinically significant.

Annual influenza immunization is recommended for all persons who are at increased
risk of lower respiratory complications and death following influenza virus infection.
Highest priority is given to (1) persons with chronic conditions, especially cardiopulmon-
ary disorders, who have required regular medical followup or hospitalization within the
past year, and (2) residents of nursing homes and other chronic-care institutions. Others
who should be immunized include persons 65 years of age and older and persons with
diabetes mellitus or other metabolic conditions, chronic renal disease, severe anemia,
asthma, or immunosuppression, regardless of cause. In addition, physicians, nurses, and
other health care personnel who have contact with high-risk persons, particularly those
who work in intensive-care units, should be immunized to reduce the risk of nosocomial
influenza. The same rule applies to home health care workers and family members of
high-risk patients.

The ACIP has strongly recommended annual influenza immunization for over 20
years. Nonetheless, vaccination rates have not improved in persons aged 65 years and
older; they have remained steady at 21-23% for several years.® For younger persons with
high-risk conditions the rates have declined to approximately 10%. By any measure, the
failure of influenza vaccine to prevent infection in high-risk patients is largely the result of
the failure to use the vaccine, rather than a lack of vaccine efficacy. This reflects the
general absence of organized approaches to vaccine delivery. Well-organized immuniza-
tion programs in the office-practice setting and in hospitals can immunize 50-70% or
more of high-risk patients who are offered the vaccine. In addition, once patients are
immunized, they are likely to expect or even ask for the vaccine in subsequent years.
Programs for influenza immunization should be organized at least 1 year in advance.
Orders for the vaccine are generally taken in late fall, and these orders let the manufactur-
ers know how much vaccine should be produced the next year. Vaccine is usually
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available the following September, and immunization programs should be conducted from
then through the end of February, or until the end of an outbreak should it occur.

For persons who have not received (or cannot receive) influenza vaccine, the anti-
viral agent amantadine can be given prophylactically. It is effective against type A but not
type B infections, and must be taken daily throughout the epidemic period. Alternatively,
for persons who can be vaccinated, amantadine can be given for 2 weeks following
immunization to ensure both immediate and longer-lasting protection. Amantadine also is
useful therapeutically when given early in the course of disease. This drug can be es-
pecially helpful in persons who by virtue of their underlying medical conditions might be
expected to respond poorly to the vaccine. Nonetheless, the problem of daily compliance
with a prophylactic or therapeutic regimen, together with the occurrence of drug side
effects in the presence of reduced renal function, emphasizes the overwhelming impor-
tance of immunization as the mainstay of efforts to control influenza and prevent its
complications in high-risk patients. If such a program were widely implemented, the
resulting health benefits and the cost-effectiveness of influenza immunization would be
substantial.”

3. PNEUMOCOCCAL VACCINE

The annual incidence of serious pneumococcal infections is not known, although
estimates for the United States suggest 70-260 cases per 100,000 population for pneu-
mococcal pneumonia and 7-25 cases per 100,000 population for pneumococcal bac-
teremia. Pneumococcal infections remain the most common cause of hospitalization for
community-acquired pneumonia, accounting for 34% of all diagnosed cases in a recent
multicenter prospective study conducted in England.® More important, appropriate anti-
microbial therapy and intensive-care support have not had an appreciable effect on mor-
tality from pneumococcal bacteremia; it remains 20—-30% overall and can exceed 40% or
more among the elderly and in those with nosocomial infection.8-11

Pneumococcal vaccine contains purified capsular polysaccharides representing types
that account for most cases of serious bacteremic pneumococcal pneumonia and men-
ingitis. The initial 14-valent vaccine which came into use in 1978 contained 50 p.g of each
capsular polysaccharide from types accounting for approximately 80% of serious ill-
nesses. In 1983 a second-generation, 23-valent vaccine took its place. This vaccine
contains only 25pg of each capsular polysaccharide. Antigenic subtypes of improved
antigenicity and new types have been added to increase vaccine coverage to almost 90%
of serious pneumococcal infections.

Protection against pneumococcal infection is dependent on a number of factors,
including adequate numbers of normally functioning polymorphonuclear leukocytes, in-
tact complement function, and type-specific antibody directed at the capsular polysaccha-
ride. Of these, specific antibody generally is the most important. Most immunocompetent
adults develop a twofold rise in type-specific antibody following a single 0.5-ml dose of
vaccine given intramuscularly. There are few data to indicate the specific titers of anti-
body that are protective for each serotype, although some evidence suggests that levels of
200—-400 ng of antibody nitrogen per milliliter, as measured by radioimmunoassay, are
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protective. Serial observations indicate that adequate levels of antibody generally persist
for 5 years in most vaccine recipients, although in some persons antibody titers may
decline after 8—10 years.

Pneumococcal vaccine is extremely safe. Although mild local side effects are not
unusual, fever and other constitutional symptoms occur in fewer than 1% of recipients,
and severe reactions are extremely rare. Reimmunization with pneumococcal vaccine has
not been recommended, although the frequency of adverse reactions following reim-
munization probably is less than what was reported in earlier studies and is likely to be
even lower in persons whose initial vaccination occurred many years ago. Pneumococcal
vaccine can be given at the same time as influenza vaccine, provided each vaccine is
administered at separate sites.

Recommendations for pneumococcal immunization have evolved since the vaccine
was first licensed, as reflected in the three statements issued by the ACIP. From the
beginning there has been no doubt the vaccine should be given to all persons who have
surgical or functional asplenia, including sickle cell disease. This is to protect against the
syndrome of overwhelming pneumococcal sepsis that occurs in such patients. Also, there
has been general acceptance of the recommendation to give pneumococcal vaccine to
patients with Hodgkin’s disease, lymphoma, and multiple myeloma, recognizing that
these patients are at increased risk of infection primarily because they have a poor
antibody response to pneumococcal capsular polysaccharide antigens. However, there has
been continued controversy over whether pneumococcal vaccine should be given to
immunocompetent adults with underlying high-risk conditions such as cardiopulmonary
diseases and diabetes mellitus, and to healthy persons 65 years of age and older. It should
be remembered that the efficacy of pneumococcal vaccine was unequivocally demort-
strated in randomized controlled trials among novice gold miners in South Africa who,
because of their working and living conditions, were at greatly increased risk of acquiring
pneumococcal infection. It has been difficult to obtain similar evidence in randomized
controlled trials in open populations of elderly persons; the low incidence of naso-
pharyngeal carriage of pneumococcal organisms and the often high titers of naturally
acquired type-specific antibodies result in a low incidence of infection. Consequently,
other methods have been used to assess the efficacy of pneumococcal vaccine in the
elderly, including case-control and retrospective studies.!2-13 In these studies the efficacy
of pneumococcal vaccine in preventing pneumococcal bacteremia has been estimated to
be 60—80%, although the confidence intervals have been broad, and in subgroups of
patients with immunocompromise the vaccine has not been effective.

The results of the Veterans Administration Cooperative Study were reported re-
cently.!# This multicenter, randomized controlled trial attempted to assess the efficacy of
the vaccine in preventing pneumococcal infections in older high-risk patients. The study
failed to demonstrate protection against pneumococcal bacteremia, pneumonia, or bron-
chitis in vaccinated subjects. Interpretation of the study results is hampered by a lower-
than-expected incidence of vaccine-type infection in control as well as vaccinated sub-
jects, and a significantly higher frequency of previous pneumococcal infection among
vaccinated subjects. Also, the sample size was too small to preclude the likely occurrence
of a type II (beta) error (i.e., a false-negative result). The VA study results emphasize
once again the importance of adequate levels of antibody as indicators of protection; only
two of seven vaccinated patients with probable pneumonia caused by vaccine-type orga-
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nisms had antibody levels greater than 600 ng/ml antibody nitrogen by radioimmuno-
assay. The VA Cooperative Study does not provide a basis for modifying current 1984
ACIP recommendations for pneumococcal immunization. The results demonstrate the
difficulty of conducting a clinical trial of a disease of low frequency, while emphasizing
the need to improve the antigenicity of the vaccine, perhaps by using protein-conjugated
polysaccharides.

The target populations for pneumococcal and influenza immunization are quite sim-
ilar, the major exception being persons with splenic disorders, as mentioned earlier.
During the period 1978-1985, approximately 13.5 million doses of pneumococcal vac-
cine were distributed in the United States.® It is not known with any certainty the propor-
tion of elderly and high-risk persons who have been immunized; certainly it is no greater
than 20-25%, and it probably is lower. Also, there is no convincing evidence that the
Medicare policy authorizing reimbursement for pneumococcal (but not influenza) immu-
nization has had any effect on vaccine use. As with influenza vaccine, it is likely that
improvements in the use of pneumococcal vaccine will come about only as a result of
organized programs for vaccine delivery. In this respect, programs that target patients at
the time of hospital discharge would be particularly useful.!! Approximately two-thirds of
patients hospitalized with serious pneumococcal infections have been discharged at least
once in the previous 5 years. With organized programs almost 80% can be immunized.?

4. MEASLES, MUMPS, AND RUBELLA VACCINES

It might be argued that childhood immunization has been the most important preven-
tive health success of the past decade. As a result of the Childhood Immunization Ini-
tiative launched in 1977 more than 95% of all children are fully immunized at the time of
school entry. In 1984 the Centers for Disease Control (CDC) received reports of only
2587 cases of measles, 3021 cases of mumps, and 752 cases of rubella.15 At least 93% of
U.S. counties were free of measles and rubella, and 78% of counties were free of mumps.
Although congenital rubella syndrome is thought to be underreported, only five cases
were brought to the attention of the CDC.

The decline in the incidence of these three diseases has brought about a shift in the
age distribution of the cases reported. In 1984 approximately 33% of cases of measles,
25% of cases of mumps, and 48% of cases of rubella occurred in persons 15 years of age
or older. 13 Serological surveys show that by 20 years of age most persons are immune to
mumps, but 20% of young adults may be susceptible to measles, and 10—15% remain
susceptible to rubella.!? In the last few years the incidence of measles has actually risen.
Whether this is due to faltering immunization programs or to epidemiological variation in
the natural history of the disease is not known. Many recent outbreaks of measles have
occurred on college campuses, and outbreaks of rubella have affected both colleges and
hospitals. Both infections are more serious in young adults; measles virus infection can
cause encephalitis, and rubella virus infection during the first trimester of infection leads
to fetal wastage or congenital rubella syndrome in 80% of fetuses carried to term. Mumps
virus infection, though generally mild, can cause meningeal reactions, orchitis, and rarely
deafness or sterility. Thus current ACIP recommendations stress the need to address the
“‘bulge of susceptibility’” among young adults to these three diseases.
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Measles, mumps, and rubella (MMR) vaccines contains live, attenuated viruses. A
single dose induces protective levels of antibodies against measles and rubella in 95% of
recipients and against mumps in 90% of recipients. Because adults who are susceptible to
one of the viruses are often at risk of infection by the others, it has become common
practice to give combined MMR vaccine. Measles vaccine is indicated for persons (1)
who were born after 1956 who lack documented immunity, (2) who were vaccinated
before 12 months of age, (3) who received only killed measles vaccine, (4) who received
live measles vaccine within 3 months of killed vaccine, or (5) who received vaccine of
unknown type between 1963 and 1967. Rubella vaccine is indicated for all young adults,
particularly nonpregnant women of childbearing age, who lack documented immunity (an
immunization record or positive serology, not simply physician-diagnosed disease). Sus-
ceptibility should be assessed at the time of all visits for medical care, premarital screen-
ing, and hospital discharge. Serological testing is unnecessary for nonpregnant women
with no known history of rubella immunization; MMR can be given without fear of
adverse reactions. Although most younger adults have natural immunity to mumps, the
vaccine may benefit those who received only killed mumps vaccine, which was available
from 1950 to 1978.

MMR vaccines produce mild infections that generally are short-lived and well toler-
ated. In addition, rubella vaccine is frequently associated with transient arthralgias in
smaller peripheral joints. Allergic reactions are uncommon, although persons with a
history of anaphylactic reaction to eggs should be given measles and mumps vaccines with
caution because these vaccines (but not rubella vaccine) are prepared in chick embryo cell
cultures. The major contraindication to giving MMR vaccine is pregnancy or the like-
lihood of pregnancy occurring within 3 months. However, inadvertent rubella immuniza-
tion during pregnancy has not been associated with congenital rubella syndrome, nor has
measles vaccine, unlike measles virus infection itself, been associated with subacute
sclerosing panencephalitis. The three vaccines also should not be given to persons with
immunocompromise and should be delayed for at least 3 months after administration of
immune globulin.

The benefits associated with MMR immunization have been striking; estimates sug-
gest that without vaccine the cost of the three diseases in 1983 would have been $1.4
billion, whereas the cost of immunization, together with the costs of disease in the smaller
number of cases, was so reduced that immunization had a benefit—cost ratio of 14 to 1.18
Rigorous immunization programs have virtually eliminated these diseases among military
recruits. Nonetheless, outbreaks of measles and rubella have continued to occur on
college campuses. They often have been costly to control, and for measles they have been
associated with fatalities. For these reasons the American College Health Association has
commited itself to organizing effective immunization programs. Continued success with
childhood immunization programs should bring about the eventual elimination of these
three diseases among young adults.

5. POLIOMYELITIS VACCINES

Universal immunization with live oral poliovirus vaccine (OPV) has virtually eradi-
cated wild strains of polioviruses from the United States.!? Protection against poliomyeli-



46 CHAPTER 4

tis can be ensured only by maintaining high levels of immunization. Either OPV or
inactivated poliovirus vaccine (IPV) is protective against all three strains of poliovirus
infection in more than 95% of cases. However, because most persons older than 18 years
of age are already immune, widespread immunization of adults is not regarded as
necessary.

There are certain situations in which immunization with polio vaccine may be advis-
able. Adults who have not been immunized as children and who might be at greater risk of
exposure to wild polioviruses (e.g., foreign travelers or certain laboratory workers) should
be given a primary series of IPV—three doses each 4—8 weeks apart, followed by a fourth
dose 6-12 months later. OPV should be avoided because the risk of OPV-associated
paralytic disease is slightly greater in adults than it is in children. When children are given
OPV, adults in the household who are not fully immunized have a very small risk of OPV-
associated paralytic disease; they may be given IPV if they wish, but full immunization of
children should never be delayed unless there is no doubt that waiting for the adult to be
immunized will not unduly delay the subsequent full immunization of the child.

Adverse reactions to poliomyelitis vaccines are extremely rare. IPV causes almost no
reactions, although it should be avoided by persons with anaphylactic hypersensitivity to
streptomycin and neomycin, which may be present in the vaccine in trace amounts. In
immunocompetent recipients of OPV the risk of vaccine-associated paralysis is one case
per nine million doses of vaccine distributed. Of the eight cases of paralytic poliomyelitis
reported to the CDC in 1984, seven were OPV-associated.!> Neither OPV nor IPV has
been shown to adversely affect the pregnant woman or the fetus; the choice of which
vaccine should be given is determined by the urgency of the need for immediate
protection.

6. COMBINED TETANUS AND DIPHTHERIA TOXOID

The occurrence of tetanus and diphtheria in the United States has declined dramat-
ically. In 1984 only one case of diphtheria was reported. !> There were 74 cases of tetanus,
only two of which occurred in persons with histories of complete immunization. Most
cases of tetanus and many of diphtheria now occur in elderly persons—353% of the cases
of tetanus in 1984 occurred in persons aged 60 years and older. These findings parallel
those from serological surveys indicating that 40-80% of older persons lack protective
levels of antitoxin to the two diseases.? Because immunization is virtually 100% protec-
tive, all adults should be assured immunization.

Once a primary series of combined tetanus and diphtheria (Td) toxoid has been given
(two doses 4 weeks apart, followed by a third dose 6—12 months later), immunity should
be maintained with booster doses every 10 years. A mid-decade birthday serves as a
convenient reminder. Local adverse reactions can occur but are well tolerated; systemic
reactions are far less common. A more severe Arthus-type local hypersensitivity reaction
can occur in persons who previously have received multiple doses of tetanus toxoid.
Booster doses should be given cautiously and no more frequently than once in 10 years.
Severe hypersensitivity reactions are extremely rare and are the only contraindication to
combined Td toxoid.

The use of combined Td toxoid and tetanus immune globulin in routine wound
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Table Il. Tetanus Prophylaxis in Routine Wound Management

Clean, minor wounds All other wounds
History of tetanus immunization Td< TIG? Td TIG
Unknown, uncertain, 0—2 doses Yes No Yes Yes<
Three or more doses9 Noe No No/ No

aCombined tetanus—diphtheria (Td) toxoid. For children less than 7 years of age, DTP (DT if
pertussis vaccine is contraindicated) is preferred to tetanus toxoid alone. For persons 7 years of age
or older, Td is preferred to tetanus toxoid alone.

bTetanus immune globulin.

“When Td and TIG are given simultaneously, adsorbed and not fluid tetanus toxoid should be used.

4If only three doscs of fluid toxoid have been received, a fourth dose of adsorbed toxoid should be
given.

¢Td should be given if more than 10 years since the last dose.

/Td should be given if more than 5 years since the last dose. More frequent boosters may increase
side effects and are unnecessary.

management is outlined in Table II. Tetanus prophylaxis in hospital emergency rooms is
widespread, but often it is given incorrectly.?! One recent study has shown that overtreat-
ment was more common than undertreatment, but only 27% of persons with the most
serious wounds were correctly treated with both tetanus toxoid and tetanus immune
globulin.

7. CONCLUSION

In the next few years the vaccines and toxoids currently available for adult immu-
nization will be supplemented by modified preparations (e.g., live attenuated influenza
vaccine, protein conjugated pneumococcal vaccine) and entirely new vaccines (e.g., live
attenuated varicella vaccine). However, the future success of adult immunization will
depend even more on the development of new approaches to vaccine delivery. Relatively
little research has been conducted on the microepidemiology of immunization practices—
who gives and who receives vaccines. The determinants of effective immunization prac-
tice need to be defined more precisely. In all likelihood, expanded educational programs
that focus only on the characteristics of the diseases and the vaccines will not be suffi-
cient.3-48 Administrative and organizational interventions will probably be needed. They
have dramatically improved immunization practices in a variety of settings and should be
aggressively pursued and extended to all sites where physicians care for adults.
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Antimicrobial Prophylaxis

Gordon M. Dickinson

1. INTRODUCTION

The proverb ‘‘An ounce of prevention is worth a pound of cure’’ is particularly appropri-
ate to infections. Infections account for a majority of illnesses that cause patients to seek
medical care.! Although many of these infections are self-limited upper-respiratory-tract
infections, serious infections with much greater morbidity and economic impact are also
common. A study of community-acquired infections in hospitalized patients conducted
over a 3Vs-year period in the early 1970s, led the authors to estimate that there were more
than three million infections per year in hospitalized patients in the United States.? A
contemporary study of nosocomial infections estimated that more than two million hospi-
tal-acquired infections occurred yearly.? It is clear that infections will continue to account
for a large proportion of illnesses that require medical care.

On the other hand, tremendous strides have been made in the control of infections,
and once-important infections have been eradicated from many parts of the world. The
programs responsible for these dramatic successes are often forgotten or taken for granted.
Control of mosquito breeding through drainage projects and widespread use of insec-
ticides eliminated endogenous malaria from the United States more than 40 years ago.
Widespread vaccination programs have completely eradicated smallpox. Polio, diphthe-
ria, and pertussis are infrequently encountered in the United States because of universal
vaccination. The establishment of safe water supplies and construction of adequate
sewage systems are two public health measures that have made epidemics of hepatitis A,
salmonellosis, and shigellosis rare events. These public health measures may be applied to
other diseases, or refined further, but are unlikely to lead to equally great progress in the
future.

A chemoprophylactic approach to the prevention of infections began soon after the
introduction of antimicrobials. The extent of prophylactic antibiotic use today is un-
known, although studies suggest that prophylaxis for surgical infections accounts for a
significant proportion of antibiotic use in hospitals.3-# It is likely that prophylaxis ac-
counts for a significant proportion of antibiotic use in ambulatory patients, too. Pro-
phylaxis is a controversial subject, however. Though the goals of prophylaxis are clear,
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the actual benefit of prophylaxis often remains unproven. Because infections typically
occur in a minority of persons at risk, or only at infrequent intervals, large numbers of
subjects are usually necessary to allow statistically significant inferences about the
efficacy of a particular agent in prevention of an infection. It is often not possible to enroll
sufficient numbers of subjects and follow them long enough to achieve statistical signifi-
cance. Consequently, many studies suggest, but do not conclusively demonstrate,
efficacy. Concern over toxicity, particularly when it occurs in an otherwise healthy
person, tends to temper enthusiasm for prophylaxis. The emergence of antimicrobial
resistance to agents used in prophylaxis is always a potential problem. The indications for
antimicrobial prophylaxis are reviewed in this chapter.

2. INDICATIONS FOR USE

There are three basic indications for antimicrobial prophylaxis (Table I). Exposure to
a specific pathogen is the major indication for patients outside the hospital setting. The
person is typically healthy but has had or will have an exposure to a virulent pathogen, and
thus is at risk for subsequent infection and disease. Antibiotics are usually given for a
short time, though in cases where the exposure is prolonged the prophylaxis also may be
long term. The second indication is a predisposition for infection due to an anatomical
defect or to a deficiency in host defenses. Prophylaxis for these persons typically must be
given for long periods of time because the abnormality is usually permanent. Prophylaxis
may be directed against one specific pathogen, or several. The last indication is a surgical
procedure that is known to be associated with significant risk for infection. Prophylaxis
often must be directed against multiple pathogens. Specific pathogens are not precisely
known, although from historical data the likely pathogens can be predicted and antibiotic
agents selected accordingly.

Table I. Indications for Chemoprophylaxis of Infection

1. Exposure to a specific pathogen
Neisseria meningitidis
Neisseria gonorrhoeae
Plasmodium species
Mycobacterium tuberculosis
Hemophilus influenzae

F. Influenza
2. Predisposition to infection

A. Endocarditis

B. Rheumatic carditis

C. Recurrent urinary tract infections
3. Surgical procedures

A. Contaminated surgery

B. Clean—contaminated surgery

C. Clean surgery with potential for catastrophic consequences if infection occurs

mo0w>
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2.1. Exposure to a Specific Pathogen

2.1.1. Neisseria meningitidis

Disease caused by N. meningitidis is typically fulminant and severe, and in spite of
our ability to diagnose these infections and the availability of effective antibiotics, the
mortality rate ranges up to 19%.> There are two epidemiological patterns of meningococ-
cal disease: epidemic and endemic. There have been no serious epidemics of meningococ-
cal disease for more than 40 years in the United States, although extensive outbreaks have
occurred elsewhere in recent years. Endemic disease caused by N. meningitidis occurs at a
rate of 1-3 per 100,000 persons per year in the United States, with the highest rates
occurring in late winter and early spring.© Isolates of N. meningitidis can be serotyped.
Type A, B, C, and Y account for most serious infections.

Epidemic meningococcal disease was once a serious problem in military training
camps where young recruits from various parts of the United States were concentrated.
One of the most dramatic uses of antimicrobial prophylaxis was the elimination of these
epidemics by the administration of sulfonamides in the 1940s.7 Several outbreaks caused
by sulfonamide-resistant strains occurred in the 1960s, however, and the continued pres-
ence of resistant strains now precludes the use of sulfonamides unless the susceptibility of
the strain to be targeted is known. Several vaccines have been developed and proven to be
highly effective. Unfortunately, serotype B has eluded efforts to develop a vaccine effec-
tive against it. One polyvalent vaccine currently available induces protective antibodies
against types A, C, Y, and W-135. Vaccination is primarily useful for preventing disease
in large groups in whom increased risk of disease can be anticipated, such as military
recruits. Vaccination may also be useful for terminating an epidemic caused by a serotype
targeted by the vaccine. It is of limited usefulness for preventing secondary infections,
however, because secondary cases often occur within an interval of time too brief for the
development of individual immunity. Thus, there is still a need for chemoprophylaxis.

Infection is acquired in the nasopharynx, probably by droplet spread directly from a
carrier and, in the susceptible individual, is followed by invasive disease. The purpose of
chemoprophylaxis is eradication of nasopharyngeal carriage of N. meningitidis, which in
turn eliminates the potential for invasive disease. Because sulfonamide resistance is
widespread, other antimicrobials must be used. Rifampin and minocycline are both effec-
tive.8-2 Minocycline is often associated with vertigo and is therefore not well tolerated.
Rifampin is well tolerated and is currently the drug of choice for chemoprophylaxis.!©
Because the administration of rifampin has been associated with the emergence of rifam-
pin-resistant strains of N. meningitidis,!! it is not suitable for mass prophylaxis against
epidemics. It is, however, considered satisfactory for prophylaxis for contacts of sporadic
cases. The usual dose is 600 mg every 12 hr for 2 days for adults and 10 mg/kg every 12
hr for 2 days for children. Those persons for whom prophylaxis is recommended are
shown in Table II. Often, the history of exposure is not convincing; close observation may
be an appropriate alternative to chemoprophylaxis for such patients. Penicillin and a
number of other agents active against N. meningitidis are not effective in eradicating N.
meningitidis from the nasopharynx, presumably because bactericidal levels are not
achieved in saliva.!2
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Table Il. Persons at Risk for Meningococcal Disease

Household contacts

Day-care center contacts

Medical personnel with intimate contact (resuscitating or suctioning a patient)
Persons in contact with a patient’s secretions

2.1.2. Neisseria gonorrhoeae

Sexual partners of persons who have gonorrhea are at high risk for infection: one
study found that 78% of male sexual contacts and 86% of female sexual contacts of
persons with gonorrhea were infected, many of whom had no symptoms.!3 Because N.
gonorrhoeae is readily passed from one individual to another, chemoprophylaxis of
contacts of persons with gonorrhea will not only prevent the complications of infections in
the contact but will also interrupt the chain of transmission. Treatment is recommended
for all identified partners.!4 Persons who have had sexual intercourse with the diagnosed
patient within the past 30 days should be considered at risk. The choice and dosage of
chemoprophylaxis are identical to those used in the treatment of gonorrhea.'* The
emergence of penicillinase-producing N. gonorrhoeae strains has limited the effectiveness
of benzylpenicillin in many parts of the world, including parts of the United States, and
alternative agents are now supplementing benzylpenicillin in the treatment of gonorrhea.
Ceftriaxone, 250 mg administered intramuscularly one time, is currently recommended
for penicillinase-producing N. gonorrhoeae.'* Other agents such as tetracycline or spec-
tinomycin can also be used. The choice of treatment should be based on the current
prevalence of penicillinase-producing N. gonorrhoeae in the patient’s community. If
pharyngeal infection is suspected, only benzylpenicillin or ceftriaxone should be used,
since oral ampicillin, amoxicillin, or spectinomycin are not effective in the eradication of
pharyngeal gonorrhea. Administration of antimicrobial agents before or after sexual ac-
tivity has been attempted to prevent infection and can decrease the incidence of infection.
Because of uncontrolled variables associated with sexual activity, the need for prolonged
prophylaxis of many individuals, problems with compliance, and the emergence of re-
sistance, this approach should be discouraged.

2.1.3. Chlamydia trachomatis

The epidemiology of sexually transmitted C. trachomatis is similar to that of N.
gonorrhoeae, and contacts of infected persons should also be treated regardless of symp-
toms. The current recommended treatment is tetracycline, 500 mg by mouth four times a
day for 7 days. Current recommendations for treatment of gonorrhea include administra-
tion of tetracycline to persons with gonorrhea because the frequency of concurrent infec-
tion with C. trachomatis approaches 50%. Recent sexual partners of persons with syphilis
and chancroid should also be treated with a regimen appropriate to the treatment of these
infections.

2.1.4. Hemophilus influenzae

The leading cause of meningitis in children between the ages of 6 months and 6 years
is H. influenzae, type B. Humans are the natural host for Hemophilus species, and disease
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is thought to occur in a susceptible person after colonization is acquired from another
infected person in a manner similar to the pathogenesis of N. meningitidis disease.
Epidemics of H. influenzae disease do not occur, but it is known that family contacts of a
person with systemic H. influenzae disease have a significantly higher risk of infection
than the general population.!> Outbreaks of systemic infection have occurred in day care
centers. 16 The secondary cases are found chiefly among children less than 6 years of age,
the age group at risk for invasive H. influenzae infection. Most persons over the age of 6
are not susceptible to H. influenzae disease, though they can develop pharyngeal coloniza-
tion and pass the organism to other susceptible persons.

Efforts to develop a vaccine have had limited success because the age group at
greatest risk, children less than 12 months of age, do not reliably develop protective
antibodies. Because antibiotic prophylaxis may prevent secondary cases, the American
Academy of Pediatrics recommends that all household, nursery, and day care center
contacts of a person with systemic H. influenzae disease, both children and adults, receive
antibiotic prophylaxis.!? The recommended regimen is rifampin, 20 mg/kg per day (up to
600 mg/day) given once a day by mouth for 4 days. Granoff and War have reviewed the
status of prophylaxis for H. influenzae infections.!® They stressed that data defining the
risk of secondary infection are incomplete, that the logistical difficulties of administering
prophylaxis to all contacts are great, and that problems with compliance all contribute to a
great deal of uncertainty in this area.

2.1.5. Mycobacterium tuberculosis

Tuberculosis has steadily decreased in the United States, but it remains a serious
problem in some communities, particularly in poor inner-city neighborhoods. A total of
20,000 cases were reported to the Public Health Department in 1985, In spite of the
availability of potent drugs for treatment, tuberculosis remains a potentially lethal disease
with significant morbidity. Since bovine tuberculosis has been essentially eradicated from
the United States, tuberculosis is now a disease limited to humans. The infection is readily
transmitted by the airborne route, and virtually all infections are acquired by inhalation of
the tubercle bacillus. The risk for contacts developing active tuberculosis undoubtedly
varies with the extent of their exposure, but for persons who become tuberculin reactive, it
is considered to be approximately 5%. Isoniazid has been advocated for many years for
prophylaxis for tuberculosis in persons exposed to a patient with disease. It was consid-
ered both an effective and safe prophylactic agent. Treatment of contacts is 60—80%
effective in the prevention of active tuberculosis. !° Failure of chemoprophylaxis is proba-
bly related to poor compliance. Recognition that isoniazid could cause severe hepatotox-
icity has led to the reevaluation of prophylaxis. The incidence of hepatitis ranges from a
rate of 1 per 100,000 in persons under age 20, 300 per 100,000 between ages 20 and 34,
1200 per 100,000 between ages 35 and 49, 2300 per 100,000 between ages 50 and 64, to
800 per 100,000 over age 64.2° Most cases of isoniazid-associated hepatitis are insidious
in onset and are characterized by asymptomatic elevations of serum transaminases. Con-
tinued administration of isoniazid can lead to hepatic failure; therefore, periodic monitor-
ing of liver enzyme levels is necessary.

There is considerable controversy over the question of who should be given chem-
oprophylaxis. Persons of any age who develop a positive skin reaction to tuberculin after
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exposure to an active case of tuberculosis and children with a positive skin reaction of
unknown duration have a sufficiently high risk of developing active disease that most
authorities would recommend prophylaxis. Persons exposed to an active case, but who are
initially tuberculin negative should be closely followed and retested in 3 months. Children
with significant exposure, i.e., living in a home with an active case, should be given
isoniazid during the 3 months pending the repeat tuberculin test. In virtually all other
situations, it is unclear as to what is the most advantagous course. Adults over the age of
35 who are tuberculin positive at initial testing may have recently acquired infection and
thus be at relatively high risk for developing active disease, or they may have acquired
their infection many years earlier and have very little risk of disease. Adults with a
positive skin reaction and a chest film suggestive of inactive disease are at increased risk
for developing active disease if they have never been treated for tuberculosis and may
benefit from prophylaxis. The risk, however, of active disease developing decreases over
several years of observation. Persons with a positive tuberculin reaction who receive
chronic corticosteroids, or who are immunosuppressed by malignancy or other debilitat-
ing conditions, have an increased, but poorly defined risk of developing active tuber-
culosis, and the benefit of prophylaxis has not been established. The benefit from pro-
phylactically treating all tuberculin-positive members of population groups with high rates
of tuberculosis is also undefined. The picture is clouded by the fact that these groups may
harbor isoniazid-resistant M. tuberculosis (Indochinese refugees, Haitians) and have
shown difficulty achieving adequate compliance with the prophylactic regimen. Table III
lists persons recommended for chemoprophylaxis by the Committee on Isoniazid Preven-
tive Treatment of the National Consensus Conference on Tuberculosis.?!

The standard regimen for prophylaxis is isoniazid, 300 mg/day for 12 months.
Pyridoxine, 50 mg/day, should be given to prevent the neurotoxicity that may be seen
with isoniazid. Patients should be monitored clinically every 2—3 months, and serum
transaminase levels should be checked periodically (especially for persons over the age of
35). If mild elevations occur, isoniazid can be continued; however, if progressive in-

Table Ill. Candidates for Chemoprophylaxis
of Tuberculosisa

—

Contacts of newly diagnosed cases
2. Newly infected persons
3. Persons with radiographic abnormalities suggestive of
tuberculous parenchymal scarring and positive tuberculin reaction
4. Tuberculin reactors in special situations
Hematological or reticuloendothelial malignant neoplasm
B. Long-term systemic high-dose corticosteroid therapy
C. Silicosis
D. Diabetes mellitus
F. Conditions associated with nutritional deficiency
G. Heroin addicts
5. Tuberculin reactors aged 35 years or less

aAdapted from the recommendation of the Committee on Isoniazid
Preventive Treatment, National Consensus Conference on Tubercu-
losis.2!
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creases are seen or if the patient develops symptoms, the drug should be discontinued.
Patients at high risk for severe disease, after infection with known isoniazid-resistant
organisms, should be considered for chemoprophylaxis with rifampin for 1 year, with the
standard dose used in treatment.

2.1.6. Malaria

Malaria is endemic in many parts of the world and it represents a hazard to visiting
American tourists and businessmen, especially if their travels take them out of large urban
areas. Chemoprophylaxis has been used for many years and should be considered for all
persons traveling to potentially infested areas. Information is available from the Public
Health Service about the current status of malaria throughout the world, and the service
publishes a pamphlet, Health Information for International Travel, that updates malaria
prophylaxis recommendations annually. The standard agent for prophylaxis has been
chloroquine, one table of 500 mg/week, given 1 week before the traveler enters an
endemic area and continued weekly until 6 weeks after the endemic area is vacated. The
emergence of chloroquine-resistant strains of Plasmodium falciparum in many parts of the
world has limited the efficacy of chloroquine. Fansidar (pyrimethamine and sulfadoxine)
is active against most chloroquine-resistant strains of P. falciparum. It is administered as
one tablet per week, for the same duration as chloroquine. One disadvantage of Fansidar
is its limited activity against non-falciparum species; thus it must be given in addition to
chloroquine. Serious reactions to Fansidar, including agranulocytosis and Stevens—John-
son syndrome, have been reported and are another disadvantage.?2 Patients should take
Fansidar only if they will have extended significant exposure to mosquitoes in an area
known to have chloroquine-resistant P. falciparum. Strains of P. falciparum resistant to
chloroquine, Fansidar, and quinine have emerged in Indochina and pose further difficul-
ties.23 Often overlooked are measures that travelers can take to avoid being bitten by
mosquitoes. Avoidance of mosquito-infected areas, remaining indoors at dusk when
mosquitoes are most active, wearing clothing that minimizes exposed skin, sleeping under
mosquito nets, and liberal use of insect repellant will do much to prevent infection. The
importance of these measures should be emphasized to all persons visiting endemic areas.

2.1.7. Influenza

Influenza can be a serious infection for patients with chronic pulmonary disease or
other chronic debilitating diseases, and even in healthy adults it can cause considerable
morbidity and loss of time from work. Influenza spreads rapidly by the respiratory route,
and epidemics occur every few years. Since the 1940s, vaccines have been in use that are
effective in reducing both the frequency and the severity of influenza infection.?4 Anti-
genic drift, caused by minor changes in the proteins of a particular strain of influenza,
occur with relative frequency and limit the efficacy of the influenza vaccines; therefore,
vaccines are updated from year to year. Amantadine has been used for many years for
prophylaxis against influenza. It is effective against influenza type A, but not against type
B. The need for patient compliance with a twice-daily regimen for weeks to months
during an influenza outbreak and the risk of adverse neurological effects have limited the
acceptance and efficacy of amantadine in the United States. When taken regularly, it is
reported to be 75% or more effective in preventing illness due to influenza A.2> Pro-
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phylaxis with amantadine should be considered an adjunct to vaccine administration.
Persons who should be considered for prophylaxis are those with chronic illness, the
elderly, persons holding critical jobs who have not yet received vaccination, and house-
hold contacts of a person with influenza. A drug not yet available, rimantidine, appears to
be equal in efficacy to amantadine when it is approved for clinical use.

2.2. Predisposition to Infection

Some patients are at increased risk for infections because of a physical problem
unique to themselves and may therefore benefit from specific preventive action, including
antimicrobial prophylaxis (Table I). It should be noted that the recommendations for
prophylaxis of infection in these patients are based on theoretical reasons that are not
always supported by conclusive studies. It is possible that our understanding of the
prevention of infection in these patients will change, and so physicians need to keep
abreast of current literature. Rheumatic fever is discussed in Chapter 7 and will not be
considered here.

2.2.1. Endocarditis

Endocarditis is a serious infection associated with significant morbidity, crippling
complications, and residual effects that may lead to congestive heart failure many years
after the acute infection has resolved. Fatal outcomes are not rare. Endocarditis can occur
in persons without an identifiable predisposition, but the population at greatest risk
includes patients with structural abnormalities of cardiac valves. Most episodes of endo-
carditis can be bacteriologically cured, but residual damage may be associated with
significant future morbidity. Because the infection is located in the relatively avascular
tissue of cardiac valves where white blood cells cannot readily penetrate, antibiotics must
be administered parenterally in high doses for 2—6 weeks. Thus, the costs of treating
endocarditis are extremely high.

Bacteremia is a necessary step in the pathogenesis of all cases of endocarditis except
those acquired at the time a prosthetic valve is implanted. Prevention of bacteremia is the
immediate goal of prophylaxis for endocarditis. Most endocarditis is caused by strep-
tococci that arise from the oral cavity or genitourinary tract, and a smaller proportion of
cases is caused by other bacteria originating from the oral cavity. Dental or surgical
procedures of the oral, gastrointestinal, and genitourinary tract are often associated with
bacteremia, and consequently these procedures are the focus of most efforts to prevent
endocarditis.2” Controversy about the details of prophylaxis exists. First, the risk of any
particular procedure is known only indirectly and is undoubtedly very low. The fact that
most endocarditis is caused by organisms commonly found in the oral, gastrointestinal, or
genitourinary tracts, coupled with the anecdotally noted temporal association of endocar-
ditis caused by these organisms with surgical or dental procedures, is the basis for
prophylaxis. However, endocarditis after such a procedure is a distinctly uncommon
event,?® and many patients who do develop endocarditis in association with a procedure
do not have cardiac lesions identified at the time of the procedure.?® Also, many episodes
of endocarditis occur in persons who have not had recent procedures. Thus, it has been
estimated that only about 10% of all cases of endocarditis are preventable.28 Another
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controversy centers on the relative risk for endocarditis that is associated with any particu-
lar defect. Prosthetic valves as well as congenital and acquired abnormalities of mitral and
aortic valves are accepted as high-risk factors for infection, whereas with idiopathic
hypertrophic subaortic stenosis and mitral valve prolapse the risk is far less clear. Other
conditions, such as secundum atrial defects or previous coronary artery bypass graft
surgery, carry no recognizable risk. Cardiac abnormalities for which endocarditis pro-
phylaxis is recommended are shown in Table IV. Less controversy surrounds the question
of what constitutes appropriate duration of prophylaxis. Experimental studies in animals
have demonstrated that the critical period occurs at the time of the bacteremia and that
prolonging the administration beyond that time is of no demonstrable benefit.3° Admin-
istration of prophylaxis earlier than is needed to achieve high levels at the time of surgery
is also thought to be of no benefit and to possibly predispose the patient to colonization
with resistant bacteria.

The optimal antimicrobial regimen must be based on probabilities and empiricism.
While virtually any organism can occasionally cause endocarditis, most endocarditis is
caused by streptococci or by one of a handful of other organisms thought to originate in
the mouth. Staphylococcus aureus, which accounts for a certain proportion of cases of
endocarditis, often involves normal valves and is typically associated with intravenous
drug use or soft tissue infections and is therefore not an infection subject to prophylaxis. If
a procedure will involve the oral cavity, penicillin-susceptible streptococci or other pen-
icillin-susceptible bacteria are to be expected, whereas surgery of the genitourinary tract
is more likely to give rise to enterococci. The current recommendations of the American
Heart Association committee on endocarditis prophylaxis, shown in Table V, represent a
consensus view (not accepted by all authorities) of what constitutes appropriate regimens
for various procedures.3! Oral antimicrobials have been used for prophylaxis because of
the convenience of this route of administration. In 1977, however, the American Heart
Association committee on endocarditis prophylaxis recommended that antibiotics be
given parenterally to achieve high serum levels. The recommendation was made because
of occasional reports of apparent failure of oral regimens to prevent infection and because
of data from animal experiments that showed lack of efficacy with low serum antibiotic
levels.3%:32 Unfortunately, the parenteral mode of administration poses logistic problems,
and a survey of practicing dentists found that only 15% actually follow the recommenda-
tions.33 The most recent recommendations from this committee, therefore, once again
include oral antibiotics.3! It is probable that these recommendations will continue to
evolve over time.

Table IV. Indications for Endocarditis
Prophylaxis

Prosthetic cardiac valves

Congenital cardiac malformations

Surgically constructed systemic—pulmonary shunts
Rheumatic and other acquired valvular dysfunction
Idiopathic hypertrophic subaortic stenosis

Previous history of bacterial endocarditis

Mitral valve prolapse with valvular insufficiency




58 CHAPTER 5

Table V. Recommendations for Prophylaxis of Endocarditise

Standard regimen  For dental procedures and oral or  Penicillin V, 2 g orally 1 hr before, plus 1 g

upper-respiratory-tract surgery 6 hr later
Special regimen For GI or GU tract procedures Ampicillin, 2 g i.m. or i.v., plus gentamicin,
1.5 mg/kg ori.v. 1/2 hr before surgery
Penicillin-allergic patients Erythromycin, 1 g orally 1 hr before, plus 0.5 g
6 hr later

Vancomycin, 1 g over 1 hr, starting 1 hr before,
or plus gentamicin, 1.5 mg/kg i.m. or i.v., for
GI or GU tract procedures

aSource: Shulman et al. 31

2.2.2. Urinary Tract Infections

Recurrent urinary tract infections may constitute a reason for antimicrobial pro-
phylaxis in certain patients. Symptomatic urinary tract infections in otherwise healthy
persons are primarily a problem in sexually active women, occur sporadically, and are
easily managed. For reasons that are not entirely clear, some women have recurrent
infections in the absence of stones, structural abnormalities, or other plausible explana-
tions. Most recurrent infections in these women represent reinfections rather than re-
lapses. Reinfections are identified by isolation of a different causative organism with each
episode, whereas relapses are caused by the same strain each time. Relapses usually are
associated with renal stones, obstructions of urine flow, or foci of infection in kidney.
Since each relapse represents an exacerbation of a chronic infection, treatment is surgical
correction of any structural abnormality, physical removal of stones, or eradication of
parenchymal disease with a high-dose, prolonged course of antibiotics. Reinfections, on
the other hand, are relatively easy to treat. Though they usually do not represent a serious
threat to the health of the afflicted individual, each episode may cause marked discomfort
and disruption of daily activities. Successful prophylaxis of reinfections can be achieved
by several antibiotic regimens34—36 (Table VI). The decision about when to give pro-
phylaxis must be individualized, but it is usually based on the frequency of infections, the
severity of symptoms, and the willingness and ability of the individual to comply with
long-term medication. Generally, a history of three or four infections per year is an
indication for prophylaxis, while infections occurring only once a year or less can easily
be managed by treatment as they arise.

Table VI. Regimens for Prophylaxis of
Symptomatic Urinary Tract Infections

Antibiotic Dosage
Trimethoprim—sulfamethoxazole 1/2 tablet/day
Trimethoprim 40 mg/day

Nitrofurantoin 50 mg/day
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2.3. Surgical Infections

Infections that complicate surgery range from simple subcutaneous abscesses to fatal
sepsis. All contribute unnecessary morbidity to the postoperative convalescence. The
impact of postoperative infections is reflected in the prolongation of hospitalization and
increased cost of medical care.3” Rates of surgical infections varied from less than 2% for
‘‘clean operations’’ to 10-20% for some ‘‘clean contaminated’’ operations in a multi-
center study published in the early 1960s.38 Enthusiasm for preventive measures has now
led to widespread use of antimicrobial prophylaxis that is often clearly inappropriate.4-3°
Minimizing the potential for infection includes not only appropriate antimicrobial pro-
phylaxis but also attention to other factors.

Factors that influence infection rates include the type of surgery, the duration of
operation, operative technique, and underlying diseases.38-40~42 Prolonged hospitaliza-
tion before surgery is associated with an increase in the rate of infection compared to the
rate in patients operated on shortly after admission.3® This is presumably related to
colonization of the hospitalized patient with virulent organisms acquired in the hospital.
Efforts to reduce the incidence of infections also have an effect, though not always a
favorable one. Antiseptic washes the night before surgery are associated with a lower rate
of infection.*? Razor shave of the operative site the day before surgery increases the
infection rate, apparently because shaving traumatizes skin and increases the local bacte-
rial flora.#! Placement of surgical wound drains is an established practice, but drains can
also provide a route of infection, and unnecessary drains increase the risk of infection.
Mechanical cleansing of the bowel before bowel surgery decreases the chance for gross
contamination without significantly reducing the intestinal flora.4> Bowel preparation
with oral nonabsorbable antibiotics diminishes the bowel flora and has been thought to
decrease the rate of infection,*? although some authorities challenge this opinion.

For many years, the use of prophylactic antibiotics was controversial, and reports in
the medical literature did not support their use.44 More recent work has demonstrated that
antibiotics, when appropriately administered, do diminish the incidence of infec-
tion.42-45—47 The successful use of prophylactic antibiotics at the time of surgery is based
on recognition of the levels of risk for infection associated with a particular operation and
the use of prophylaxis only for those with higher risk. Surgical operations can be classi-
fied as clean, clean—contaminated, or contaminated (Table VII). Clean surgery involves
cutting of normal skin and sterile tissues only. Herniorrhaphy, open heart surgery, trans-
cutaneous neurosurgery, and hip arthroplasty are examples of clean surgery. Clean—
contaminated surgery is defined as surgery that requires cutting through tissue surfaces
that are heavily colonized with bacteria. Colorectal surgery, vaginal hysterectomy, pros-
tatic resection, and appendectomy are examples of clean—contaminated surgery. Contami-
nated surgery is defined as surgery in an area where bacterial contamination or infection of
normally sterile tissue has already occurred. Examples of contaminated surgery include
abdominal laparotomy for a ruptured appendix or perforated bowel, prostatic surgery in a
man with chronic bacteriuria, and open reduction of a contaminated compound fracture.
The risk of infection after clean surgery is negligible, and except for operations in which
an infection would be catastrophic, prophylactic antibiotics are not indicated. For cases of
clean—contaminated surgery, prophylactic antibiotics can lower the rate of infection, and
it is for this classification of surgery that the indications for prophylaxis are the most
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Table VII. Classification of Selected Surgical Operations

Clean surgery
Craniotomy
Coronary artery bypass
Mastectomy
Elective plastic surgery
Herniorrhaphy
Clean—contaminated surgery
Appendectomy
Laryngectomy
Cholicystectomy
Gastric reaction
Colon resection
Prostatectomy
Hysterectomy
Contaminated surgery
Exploratory laparotomy for perforated colon, ruptured appendix
Internal fixation of compound fracture
Burn wound debridement

firmly established. Antibiotics are also indicated for contaminated surgery, although their
role is probably treatment rather than prophylaxis, since an infection is already present.

Thus, there are two indications for the use of prophylactic antimicrobial agents: if the
complicating infection would be catastrophic, or if the procedure is associated with a high
risk of infection. Infections that involve joint prostheses, artificial heart valves, or central
nervous system shunts occur at a very low rate but with catastrophic effects. Procedures
that require cutting through heavily colonized mucosal surfaces (clean—contaminated
surgery) carry a high risk of infection, and prophylactic antimicrobials can significantly
lower the rate of infection.

Several principles of prophylaxis are applicable to all cases. First, the antimicrobial
should be administered only shortly before surgery. Antimicrobials administered in ad-
vance of surgery tend to alter the host flora in favor of resistant bacteria.*> Antimicrobials
are initiated within minutes to 1 hr of surgery. Second, the dosage should be sufficient to
achieve high tissue levels at the time of surgery. In practice, this means that the anti-
microbial is given parenterally. Experimentally, it has been shown that prophylactic
antibiotics are the most effective if present in tissue before contamination occurs,>° which
suggests that they should be given shortly before surgery commences. Third, the duration
of prophylaxis should be no longer than is needed to achieve maximum benefit. Studies
have demonstrated that regimens of 24—48 hr are as effective as longer regimens in the
prevention of infection, with less complications, less adverse reactions, fewer problems
with resistant bacteria, and less expense.*>~#® Fourth, the choice of an antimicrobial
should be based on the recognition of which pathogens are likely to cause infection. The
safest, most convenient, and least expensive drug that will be effective should be used.
Because their spectrum of activity includes most gram-positive cocci and gram-negative
bacilli, cephalosporins have been used in many of the studies of prophylaxis; they are
active against most gram-positive cocci and gram-negative bacilli. Because anaerobic
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bacteria are not uniformly susceptible to the first generation of cephalosporins, agents
with better anaerobic activity have also been used for bowel surgery. There is a tendency
for physicians to reach for the newer, more potent agents that have a wider spectrum of
activity than some of the older agents. However, with very few exceptions, there is no
need to use these newer antibiotics. Their potency and spectrum do not offset their greater
expense, and they have potential for induction of resistance that may eventually curtail
their efficacy for treatment of serious infections. An exception to this principle exists if
the patient is known or suspected to be colonized with bacteria resistant to the standard
agents that would normally be given for a particular operation. As patterns of resistance
change, so will our choices of antimicrobial agents, but for the present the older agents are
preferred.
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Hepatitis

Richard L. Greenman

1. INTRODUCTION

In addition to a number of viruses, toxins and drugs can cause injury to the liver. Ethanol
is perhaps the most common example of a toxin/drug etiology of hepatitis. This chapter
will, however, deal exclusively with the viral etiologies of hepatitis, the epidemiology of
these agents, and clinical strategies for prevention of disease.

At least four viruses are known to be causes of hepatitis. These are: (1) hepatitis A
virus, (2) hepatitis B virus, (3) the non-A—non-B viral agents, which probably represent
more than one virus, and (4) the delta agent. In addition, two ubiquitous herpes viruses
commonly causes hepatitis as part of the syndrome of clinical infection. These agents,
cytomegalovirus and Epstein—Barr virus, are not classified as hepatitis viruses because the
spectrum of disease they cause is broad and hepatitis is not the major clinical manifesta-
tion in most infections. Other unusual viruses, such as yellow fever virus, also cause
hepatitis but are rare in the practice of medicine outside the tropics. Thus, four types of
viral hepatitis important in the clinician’s understanding of this disease will be discussed
in this chapter.

2. HEPATITIS A

2.1. The Virus

The causative agent of type A hepatitis is a small, nonenveloped single-stranded
RNA virus of the picornavirus family. Hepatitis A virus (HAV) is similar in size, struc-
ture, and nucleic acid content to members of the enterovirus genus and has been classified
as enterovirus 71. HAYV infectivity in humans has been shown to survive at 60°C for 1 hr,
but is destroyed by boiling (100°C) for as little as 1 min. Infectivity can also be destroyed
by chlorination.

Hepatitis A virus was first detected in the stool of infected patients by immunoelec-
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tron microscopy.! Provost and Hilleman have reported propagation of HAV in fetal rhesus-
monkey kidney cells.? An efficient animal model of infection exists in the marmoset.

2.2. Epidemiology

Hepatitis A virus appears to have a worldwide distribution. Infection occurs primarily
by the oral route, with infectious virus subsequently being shed in the feces. A chronic
carrier state does not appear to exist for HAV. Because there is no persistent infection with
viremia, parenteral transmission by blood is not important in HAV infection. With no form
of chronic infection and with no known natural nonhuman reservoir of HAV, the virus is
maintained by transmission from acutely infected patients to susceptible hosts.

2.3. Mode of Transmission

The most frequent mode of transmission of HAV is by the fecal-oral route, thus
requiring close person-to-person contact.3 This mode of transmission is probably also
important in the spread of disease among homosexual males by direct oral-anal contact.
Contamination of food by a food handler with acute hepatitis A infection may lead to
sporadic cases or moderate-size point source epidemics.

In addition to personal contact, well-documented outbreaks of hepatitis A have
occurred through sewage contamination of water supplies. Sewage contamination of
shellfish harvested from effluent fouled waters has also led to epidemics when these
mollusks have been consumed raw.>

Rare reports of transmission of HAV by percutaneous transmission from a viremic
patient late in the incubation period of hepatitis A exist. However, this route is infrequent
and not of major importance. Intrauterine infection of the fetus when the mother has
developed HAV infection has not been proven.

2.4. Incidence

Approximately 30,000 cases of hepatitis A are reported yearly to the Centers for
Disease Control (CDC), but it is estimated that the true number of HAV infections is
greater than one million per year. Many cases are subclinical and reporting is incomplete.
Seroprevalence studies show that one-fourth to one-half of all adults in the United States
have antibody of HAV.6 The incidence of HAV infection is highest in low socioeconomic
groups, presumably because of increased crowding and poor sanitation.

Prisons, day care centers, and schools are all areas of increased transmission. Young
children whose hygiene is less fastidious are particularly efficient spreaders of infection.
Worldwide differences in prevalence of antibody to HAV exist. In developing countries
over 90% of the population has evidence of infection by early adulthood.

2.5. Incubation Period and Period of Communicability

The incubation period from exposure to development of clinical disease is from 15 to
50 days, with a mean incubation of approximately 28 days.3
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Infectious HAV has been found in the feces as early as 3 weeks prior to the onset of
clinical disease. Stool appears infectious for at least 1 week after onset of jaundice.
However, peak infectivity (stool shedding) appears to occur just before or at the time of
onset of symptoms.”?

2.6. Strategies for Prevention of Infection

Prevention of infection with HAV or modification of the disease in hepatitis A
depends on interrupting the transmission of the virus or immunologically rendering sus-
ceptibles immune or partially immune to the virus. At present there is no available vaccine
for HAV, so that immunization takes the form of passive immunization with immune
serum globulin (ISG).

2.7. Prevention of Viral Spread

2.7.1. Isolation

Isolation of patients with clinical hepatitis A in the home situation is unnecessary and
probably not useful. Exposure to HAV, if it is to occur, has probably already occurred
because infectivity is maximal in the period shortly before clinical disease occurs. Rea-
sonable measures to decrease the chances of transmission if it has not yet occurred include
the following: (1) infected patients should not prepare food for other family members, (2)
infected patients should have their own utensils of personal hygiene (e.g., toothbrushes,
eating utensils, and, for young children, toys), and (3) surfaces soiled with contaminated
material from infected patients or other inanimate objects such as toys should be disin-
fected with a 0.2% hypochlorite solution (household bleach diluted 1 part to 25 parts
water). Most important is fastidious hand washing by the patient and by susceptibles after
contact with the patient or with potentially contaminated materials.

Isolation in the hospital should revolve around good personal hygiene and hand
washing, as mentioned. Infectivity decreases dramatically after onset of jaundice, but
infectious HAV may remain in feces for up to 1 week. Eating utensils, objects of personal
hygiene, and medical instruments should be decontaminated for this same time period if
they are to be used for other susceptible patients. Patients with fecal incontinence or
diarrhea should be placed in single rooms. Other patients who are cooperative about their
personal hygiene do not need to be placed in single rooms or confined to their rooms.

2.7.2. Prevention of Transmission through Food

Prevention of spread of HAV by food handlers is best effected by removing any
infected patients from food-handling duties. If this cannot be done, food handlers need to
be well instructed and able to carry out scrupulous hand washing.

Shellfish-associated hepatitis A can be reduced if only shellfish from waters known
to be free of sewage effluent are ingested.

2.7.3. Prevention of Transmission through Water

Potable water standards in the United States and most developed countries provide
for water that is free from HAV. In instances where transient decreases of potable water
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pressure occur owing to pump failure or fracturing of water mains, ‘‘boil water’’ adviso-
ries should be issued until it can be shown that the water has not become contaminated by
fecal material (assay for coliforms and chlorine residual). Boiling of water for 3 min at a
“‘rolling boil’” will inactivate HAV along with other potential viral or bacterial pathogens.

2.8. Passive Immunoprophylaxis

The efficacy of normal pooled human gamma globulin (ISG) administered intra-
muscularly in preventing or modifying HAV infection has been demonstrated on numer-
ous occasions.® ISG is prophylactically useful in both preexposure and postexposure
situations. Preexposure prophylaxis is limited to persons traveling to areas of HAV
endemicity. Several studies suggest that while the incidence of icteric clinical hepatitis A
is reduced by 80-90%, the incidence of HAV infection is little changed. Thus this mode
of prophylaxis confers a form of ‘‘passive—active immunity.”’ Recipients are largely
protected from clinical disease but subclinical infection leads to active immunity. Signifi-
cantly higher doses of ISG may block HAV infection entirely so that only passive
immunity is conferred and the recipient is once more susceptible after passively trans-
ferred antibody is cleared. Thus ISG prophylaxis should comply with dosage guidelines
listed in Table I. Low-dose ISG is given for trips where exposure will be for less than 2
months. For exposure times of 2—6 months the higher dose (0.06 ml/kg) of ISG is
utilized. For prophylaxis for periods of time greater than 6 months, repetition of the ISG
dosage is necessary. For postexposure prophylaxis ISG should be given as early as
possible. No protection is demonstrable if administration is delayed beyond 2 weeks after
exposure. Table II lists indications for the use of ISG in postexposure situations.

3. HEPATITIS B

3.1. The Virus

The causative agent of type B hepatitis is a small DNA virus with unique properties
that distinguish it from previously described viruses. This agent, along with three similar
animal viruses, recently described in woodchucks, ground squirrels, and Peking ducks is
classified in a new viral family termed the Hepadnaviridae.” They have a unique small,
circular DNA that is partially single stranded, a unique viral DNA polymerase, and a
marked tropism for hepatocytes. The complete virus in human hepatitis B (HBV) is
identical to the previously described ‘‘full Dane particle’” and consists of a virion core

Table I. Immune Serum Globulin Prophylaxis of Hepatitis A

Type of exposure ISG dose Duration of protection
Postexposure 0.02 ml/kg —
Preexposure 0.02 ml/kg 2 months

0.06 ml/kg 6 months
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Table Il. Indications for Postexposure ISG for Hepatitis A

1. Close personal contacts, including household and sexual (homosexual or heterosexual), of hepatitis A
cases

2. Residents and staff of institutions (e.g., mental health facilities, prisons), during documented hepatitis A
outbreaks

3. Members of the household of staff working at, or children attending, day care facilities during
documented hepatitis A outbreaks

4. Medical care personnel after mucous membrane or percutaneous exposure to feces, blood, or body
fluids of known hepatitis A patients

containing DNA, DNA polymerase, and protein kinase. The core has on its surface the
core antigen, termed HBcAg. The core is surrounded by a complex surface antigen
(HBsAg) made up of at least seven polypeptides. The hepatitis B e antigen (HBeAg)
determinant appears to be made up of a complex of antigens associated with the virion
core. 10

High levels of surface antigen particles (22-nm HBsAg particles) circulate in the
blood of the chronic carrier as well as the patient with acute hepatitis B. These particles,
which are found in concentrations of 10!1-10!4 particles/ml, outnumber complete viral
particles by a factor of 10*~10°. Thus large numbers of infective virions circulate in the
serum of patients with acute infection or chronic carriage. HBV infectivity is destroyed by
boiling at 100°C for 10 min, autoclaving at 121°C for 15 min, or by dry heat at 160°C for 2
hr. Chemical methods that destroy HBsAg antigencity include 0.5% sodium hypochlorite
for 10 min and 40% aqueous formalin for 12 hr.10

3.2. Spectrum of Disease

Hepatitis B virus infection may lead to acute hepatitis B or clinically inapparent
infection. Approximately 1% of acute hepatitis B cases may progress to fulminant hepati-
tis. Approximately 10% of those infected go on to chronic HBV carriage usually lifelong
and frequently with chronic liver disease. Chronic HBV infection is clearly associated
with hepatocellular carcinoma. In some parts of the world where HBV infection is very
common, hepatocellular carcinoma is the most common cancer. Several lines of evidence
support an etiological role of HBV infection in hepatocellular carcinoma.!!

Several interesting extrahepatic syndromes are associated with HBV infection. These
include a serum sickness—like syndrome with fever, rash, and arthritis; polyarteritis
nodosa; membranous glomerulonephritis; aplastic anemia; and essential mixed cryoglobu-
linemia.

3.3. Epidemiology

Hepatitis B virus appears to have a worldwide distribution. In the United States it has
been estimated that there are approximately 200,000 new HBV infections each year. For
the population at large the lifetime risk of HBV infection is estimated at 5-10%. Howev-
er, within certain high-risk groups individuals may reach a nearly 90% chance of infection
over their lifetime. Table III lists some of the important high-risk groups.!?
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Table Ill. Prevalence of HBV Markers in Relation to Population Groups

Prevalence of serological

Population group markers of HBV infection (%)

High risk

Immigrants from HBV highly endemic areas 70-85

Parental drug abusers 60-80

Homosexual males 35-80

Institutionalized mentally retarded patients 35-80
Intermediate risk

Staff of institutions for the retarded 10-25

Health care workers with frequent blood contact 15-30
Low risk

Health care workers with infrequent blood contact 3-10

Healthy adult blood donors 3-5

aAdapted from Ref. 12.

Socioeconomic status is associated with risk of infection. Cherubin et al. found the
prevalence of anti-HBs in adults to be 44% in Harlem, 18% in Staten Island, and 10% in
upper-middle-class Manhattan residents. !3

HBYV infections occur at markedly increased rates in areas of Asia, Africa, and
Oceania. In these areas maternal—child transmission appears to be the major route of
infection.

3.4. Modes of Transmission

Hepatitis B virus infection appears to be exclusively a human—human disease with-
out any known, important animal reservoirs of the virus. Blood and blood products are the
most efficient transmitters of HBV infection. Semen has also been shown to contain
infectious HBV.!# Other body secretions may be infectious but their infectivity appears
significantly lower than that of blood or semen.

There is no evidence for fecal—oral transmission as in HAV infection. Consequently
food and water do not appear to be important in the spread of HBV infection. Infection
through the oral route probably occurs by blood, saliva, or semen passing small breaks in
the oral mucosa.

Thus the most important routes of infection appear to be blood or blood product
transfusion, sharing of parenteral needles or medical instruments, homosexual and hetero-
sexual intercourse, and minor trauma allowing small blood exchanges (shaving, tatooing,
ear piercing). The presence of a relatively large pool of chronic HBV carriers accounts for
much more frequent possibilities of exposure than in HAV infection, where a carrier state
does not exist.

Another important mode of transmission is from the mother, either a chronic carrier
or who acute hepatitis B in the third trimester, infecting the fetus or, more commonly, the
newborn infant. This route of transmission does occur in the United States but is of much
less importance than in areas such as China or Taiwan, where almost half of all HBV
infection is acquired perinatally.!>
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3.5. Incubation Period and Period of Communicability

The incubation period for symptomatic HBV infection ranges from 1 to 6 months,
with the usual period being 60—100 days. HBsAg and infectious HBV appear in the blood
1-7 weeks before the onset of clinical hepatitis. HBsAg and infectious HBV remain
in the blood for an average of approximately 6 weeks. However, they may persist for as
long as 4—6 months even in patients who are not becoming chronic carriers. Patients who
remain antigen positive for longer than 6 months appear to fall into the 10% of patients
who become chronic carriers. Chronic carriage of HBV may be a lifelong event, though it
appears there is a spontaneous cure rate of approximately 2% per year.!© Patients who
remain positive for HBsAg should be considered to be infectious, although there are rare
examples of patients with HBsAg carriage who apparently produce no infectious HBV.
Patients who are positive for HBeAg or viral DNA polymerase are generally more highly
infectious than those in whom these markers cannot be demonstrated.

3.6. Strategies for Prevention of Infection

Prevention of HBV infection and hepatitis B depends on several approaches. These
include (1) interruption of the transmission of HBV, (2) passive immunoprophylaxis of
infection with immune globulin, and (3) active immunoprophylaxis against HBV with an
effective vaccine.

3.6.1. Interruption of HBV Transmission

The most important steps taken to date to interrupt HBV transmission have occurred
in the field of blood banking. Before 1972 hepatitis B was a common sequela of transfu-
sion of blood or blood products. Since then, two milestone changes in policy have
occurred. Since 1972 all blood banks have been required to test all units of blood for
HBsAg. Current testing utilizing a sensitive radioimmunoassay identifies over 90% of
potentially infectious units.!® Such units are disposed of and the donors are precluded
from further blood donation. A second important policy has been an attempt to convert all
blood donations to a true volunteer donor population. Eliminating paid donors has had an
effect almost equal to the HBsAg screening.!” Between the two, posttransfusion hepatitis
B has been reduced by over 90%. A small number of HBV infectious units still exist,
undetected by HBsAg testing. Other measures for detecting such blood including anti-
HBc testing and transaminase screening (primarily useful for non-A—non-B hepatitis) are
being evaluated. Elimination of unnecessary transfusions along with use of autotransfu-
sion of precollected blood for elective surgical procedures is also useful to ensure that
infective blood is not transfused.

Special problem populations regarding the transmission of HBV virus include parent-
eral drug abusers and promiscuous sexually active persons, particularly male homosex-
uals. Interruption of transmission in drug abusers is theoretically possible if only sterile
needles and syringes are used or if no needle sharing were to occur. However, the
‘“‘social’’ aspects of parenteral drug abuse make this quite difficult. Needle sharing and
injection in communal ‘‘shooting galleries’’ is apparently important to many addicts. This
makes interruption of HBV transmission nearly impossible. Similarly, changes in sexual
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practice to discourage promiscuity would be helpful in decreasing HBV transmission.
Again, social patterns are such that this is unlikely to occur to a great enough extent to
significantly decrease transmission. Thus, immuprophylaxis becomes the most important
strategy in these populations.!8

Interruption of viral transmission is an important adjunctive means of preventing
HBV transmission in families, in the hospital care setting, and in situations such as
dentistry. For example, in the household setting, family members without sexual contact
with an infected patient should be educated to wash hands after contact with blood or body
secretions or excretions. Razors, toothbrushes, and other personal hygiene items should
not be shared. Routine immunization of all household members is a financial problem and
will remain such until less expensive vaccines are developed. However, susceptible
sexual contacts of HBsAg carriers or patients with acute hepatitis B should receive
immunoprophylaxis as the risk of acquiring infection is much higher unless the additional
risk factor (sexual contact) is eliminated.

Similarly in the hospital setting, patient care and laboratory personnel should be
instructed in appropriate hygiene to decrease the risk of infection, but the cost—benefit
ratio of immunization appears to favor this mode of protection for most patient care and
laboratory personnel. The same conclusions can be drawn for practicing dentists, whose
risk of acquiring HBV infection is among the highest of all health care personnel.

Education, hand washing, appropriate decontamination, barriers, and avoidance of
mucosal contact with blood or secretions has assumed new importance in this era of the
acquired immune deficiency syndrome (AIDS). HTLV-III/LAV transmission, though
apparently significantly less efficient than HBV transmission by routes other than blood
transfusion or intercourse, makes attention to hygiene of continued importance even in the
HBV immune person. Considerations relating to non-A—non-B (NANB) hepatitis also
support a continued role for good hygiene in prevention of virus transmission.

3.6.2. Isolation

The patient with either HBsAg carriage or acute hepatitis B does not need to be
isolated in the hospital unless unable to adhere to a reasonable degree of hygiene. Howev-
er, ‘‘hepatitis precautions,”’ which include appropriate disposal or decontamination of
potentially contaminated objects, special labeling of patient blood sent to the laboratory,
and appropriate protection (gloves, masks, eyeglasses) to prevent inoculation of open cuts
or mucous membranes with potentially infectious blood or secretions, should be utilized.

HBsAg-positive hemodialysis patients should be segregated by placing them on
separate dialysis machines along with geographical separation if possible. Such patients
should be cared for only by immune nursing staff (natural or immunized). Such measures
have been effective in limiting spread between patients and to dialysis unit staff.

3.6.3. Immunization

Immunoprophylaxis against HBV infection cannot be conveniently separated into
passive (ISG) and active (vaccine) immunization. Most situations relating to postexposure
prophylaxis utilize both types of immunization in a large proportion of exposures.

Preexposure active immunization with hepatitis B vaccine is a more straightforward
situation. The current vaccine, derived from highly purified plasma of chronic HBsAg
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carriers, is 80—-95% effective in most situations.!® The vaccine has been free of serious
adverse effects. Specifically any early concern about possible transmission of an AIDS
agent has been shown to be without any basis. HTLV-III is inactivated by several of the
steps in the preparation of the vaccine. No patient who has received hepatitis B vaccine
who has not been in an HTLV-III risk group has become HTLV-III positive. The real
concerns pertaining to hepatitis B vaccine center about cost—benefit ratios for this ex-
tremely expensive ($100/series) product. In addition, decreased efficacy after injection
into adipose tissue rather than muscle has been demonstrated. Other interesting aspects of
active immunization include the possibility of decreasing cost by intradermal injection
where one-tenth the amount of vaccine appears equally effective as standard doses of
intramuscular vaccine and, eventually, the production of less expensive second- and
third-generation vaccines produced through recombinant genetic technology or chemical
synthesis. Specifics of hepatitis B vaccine use are covered in Chapter 4 which discusses
immunization in the adult.

Postexposure immunoprophylaxis for HBV exposure is useful in several settings.
Frequently a combination of passive and active immunization has been shown to be
superior to either modality alone.

In the adult after a single parenteral exposure to potentially infectious material (see
Table 1V), hepatitis B hyperimmune serum globulin (HBIG) is indicated. Prospective
trials comparing HBIG to standard ISG have yielded conflicting results. Some series
demonstrate a significant advantage of HBIG over ISG.?° However, series in which the
ISG had significant anti-HBs titers show no difference between HBIG and ISG limbs.?2!
True placebo-controlled trials have not been carried out, but the trials where the ISG
employed had no anti-HBs titer have shown significant protection of HBIG over these ISG
lots. When used, HBIG should be given as soon as possible after exposure. A second
dose, though frequently recommended, is of questionable value. If the interval since
exposure is greater than 7 days, no benefit has been shown.

The recommended dose of HBIG is 0.06 ml/kg (5 cc maximum) given within 7 days
after exposure. A second dose is repeated 1 month later. If the source of the exposure is
unknown, of unknown status regarding HBsAg, or is known to be negative for HBsAg,
then ISG 0.06 ml/kg (5 cc maximum) is given. This is given as prophylaxis against
NANB hepatitis but would also offer some protection against HBV. If the exposed person
is known anti-HBs positive naturally or from immunization or is a known HBsAg carrier,
ISG should still be administered for prophylaxis against NANB agents.

While the regimens cited are appropriate for single-exposure situations, the presenta-
tion of a patient with a hepatitis B contact must raise the question of how likely are further
exposures. For health care personnel, intravenous drug abusers, active homosexual males,

Table IV. Exposures for which Use of HBIG Is
Recommended

Needlestick from known HBsAg-contaminated needle

Mucous membrane splashed with blood from HBsAg-positive patient
Exposure of broken skin to HBsAg-positive blood or secretions
Sexual intercourse with HBsAg-positive partner

Sharing of razor, toothbrush, etc., with HBsAg-positive person

DR W
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or spouses of chronic HBsAg carriers, repeated exposure is likely. In such situations both
passive and active prophylaxis should be instituted and a series of hepatitis B vaccine
immunizations begun. If a determination of anti-HBs status is performed to preclude
wasting of vaccine in already immune individuals, this determination must be performed
on blood obtained prior to the administration of ISG or HBIG. There has not been any
evidence to suggest interference with the development of active immunity by coad-
ministration of ISG or HBIG with the hepatitis B vaccine.

Prevention of HBV transmission is also extremely important in the newborn child.
Infants born of mothers with acute hepatitis B infection in the third trimester or of mothers
who are HBsAg carriers, particularly if they are also HBeAg positive, have a very high
chance of becoming infected with HBV. In addition, up to 90% of these infants become
chronic HBsAg carriers.?? Studies have shown that when HBIG is administered to these
infants within the first 48 hr of life, the rate of infection is reduced by approximately
70%.23 The passive protection afforded by HBIG is rather short lived and many infants so
protected are infected later in the first year of life. One recent study utilizing combined
HBIG and hepatitis B vaccine demonstrated a 94% protection rate in infants receiving
both modalities of prophylaxis.?* The recommended regime is to administer 0.5 cc of
HBIG intramuscularly immediately after delivery followed by a first dose of vaccine (0.5
ml) within the first week of life. The series of active immunizations is then completed
with a second and third dose at 1 and 6 months, respectively. Elimination of neonatal
transmission is an extremely important goal in the prevention of chronic hepatitis B
infection and the potential sequelae of cirrhosis and primary hepatocellular carcinoma.
Current CDC guidelines suggest that only high-risk mothers (previous history of hepatitis,
intravenous drug abuser, immigrant from area of high risk) be screened, but recently
acquired data suggest that such guidelines may miss as many as 50% of potentially
infective mothers in the setting of a large municipal hospital (E. Schiff, personal commu-
nication, 1986). The impact of interruption of neonatal transmission in many developing
countries is potentially enormous. Unfortunately these countries do not have the resources
to implement the screening and combined passive and active regimen of prophylaxis. The
observation that vaccine alone produces an antibody response in almost all neonates raises
the possibility of a more affordable regimen, particularly with the development of less
expensive vaccines with newer technologies.

4. DELTA AGENT

4.1. The Virus

The delta agent is a defective 35- to 37-nm RNA virus-like particle that requires
coinfection with HBV for its replication and clinical expression. It consists of a coat of
HBsAg with an internal structure that includes the delta antigen (HBdAg) and a linear
single-stranded RNA.?5

4.2. Spectrum of Disease

Delta infection does not appear to occur without coinfection with HBV. Initial
coinfection with both HBV and the delta agent may lead to a higher incidence of fulminant
hepatitis than does HBV infection alone.
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The delta agent infection may also be superimposed on prior HBV infection with
chronic HBsAg carriage. In this situation delta appears to be an important cause of severe
exacerbations of hepatitis and an increased incidence of chronic liver disease.

4.3. Epidemiology

Delta agent infection appears to be more geographically limited than infection by the
other agents of viral hepatitis. Serological surveys have shown a high prevalence of
antibody to this agent in the Mediterranean basin, particularly in the south of Italy.26
Africa, Oceania, and South America have also been sites of outbreaks of delta-related
disease. The prevalence of delta agent infection appears quite low in the United States,
although increasing rates of infection have been found in intravenous drug abusers and in
patients who have received many transfusions. Recently an outbreak of delta agent hepati-
tis has been reported in drug addicts in Worcester, Massachusetts.

4.4. Modes of Transmission

The delta agent appears to be transmitted primarily by blood and blood products. The
prevalence in intravenous drug abusers and multiply transfused persons supports this
premise. The relative lack of disease in the homosexual, non-drug-abusing population
suggests that transmission through intercourse is much less efficient than for HBV. The
incubation period of experimental delta agent infection in chimpanzees ranges from 2 to
10 weeks. In humans the incubation period is not firmly established.

A chronic carrier state of delta infection coexisting with HBV infection clearly
exists, and such blood appears to be infectious for the duration of delta agent infection.
Not all delta infection becomes chronic, as demonstrated by the lack of infectivity, in the
chimpanzee model, for a proportion of human blood that is antidelta positive.2’

4.5. Strategies for Prevention of Infection

Studies relating to the prevention of delta agent infection are only now underway. It
seems that many of the precautions relating to prevention of HBV infection should be
useful in preventing delta agent infection. Blood that is negative for all HBV markers
should be delta agent free because of the apparent requisite for coinfection. Similarly,
prophylaxis of HBV infection should be important in reducing delta agent infection in that
if an individual never becomes infected with HBV it appears he is immune to infection
with delta agent.

Further understanding of the epidemiology and pathophysiology of delta agent infec-
tion is necessary to better formulate strategies for prevention of delta agent infection.
Further, it will be important to know whether coinfection with HBV remains an obligate
condition for delta agent infection or disease.
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5. NON-A—NON-B HEPATITIS

5.1. The Virus

NANB remains a relatively poorly understood disease. One of the major roadblocks
in understanding this disease is the lack of a clearly identified agent or agents that cause
the disease. Similarly there are no serological antigen or antibody markers that are
reproducibly associated with NANB infection. Preliminary data suggest that there is more
than one agent of NANB hepatitis. Currently it appears that there may be one agent
implicated in non-blood-borne disease and two agents that can cause transfusion or blood
associated NANB hepatitis.?® The candidate agent in the non-blood-borne form of NANB
disease appears to be a small, 27-nm virus, probably with RNA as the nucleic acid. This
virus would, at least superficially, resemble HAV. At least two blood-borne agents have
been proposed based on differences in incubation periods and multiplicity of infections.?
There is a suggestion that the blood-borne agents contain reverse transcriptase, which
would place them in the family of retroviruses.3¢

5.2. Spectrum of Disease

The NANB agents appear divisible in their disease spectrum along the same lines as
their mode of transmission. The non-blood-borne form of NANB hepatitis closely resem-
bles hepatitis A in its clinical spectrum. It generally presents with fever and jaundice.
There is little fulminant hepatitis, although this complication may be more common than
with hepatitis A, especially in pregnant women. Chronic hepatitis does not appear to
occur as a result of infection with this NANB agent.

In contrast, blood-borne NANB hepatitis appears to present in a more insidious
fashion. Fulminant hepatitis occurs in a small, but significant proportion of cases, esti-
mated at 0.5-2%. The most striking aspect of blood-borne NANB infection is the high
rate of chronic liver disease seen after infection. A carrier state definitely occurs, and
20-40% of patients, generally those with less severe acute infections, progress to chronic
liver disease, frequently with cirrhosis. Data relating NANB infection with primary
hepatocellular carcinoma do not exist.

5.3. Epidemiology

The non-blood-borne type of NANB hepatitis appears to be transmitted by the fecal—
oral route, with several water-borne epidemics described. The incubation period appears
similar to HAV, with one epidemic demonstrating incubation periods of 10—-40 days with
a mean incubation of 2 weeks.

Blood-borne NANB agents now cause over 90% of cases of posttransfusion hepati-
tis. A significant proportion of hepatitis in parenteral drug abusers is also caused by this
agent or agents. The incubation period in several posttransfusion studies has displayed a
mean of approximately 8 weeks, although the range has been wide (2-26 weeks). A
shorter incubation period, averaging 20 days, has been reported for NANB hepatitis
following factor VIII concentrate administration in hemophiliacs. A lack of any marked
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increase of incidence of NANB hepatitis in active male homosexuals suggests that these
agents are not frequently transmitted by sexual routes.

5.4. Strategies for Prevention of Infection

Strategies for prevention of NANB hepatitis logically fit into two patterns. For the
non-blood-borne form, prevention of breakdown in sanitation systems along with fastidi-
ous personal hygiene should be helpful. The role of ISG in this form of NANB infection is
not known. There are no prospects for a vaccine in the near future.

For blood-borne NANB agents, the hygienic measures discussed in Section 3.6.1
seem appropriate but are untested. Clearly, avoidance of shared needles by illicit parent-
eral drug abusers would be helpful in decreasing transmission. If passive immunoprophy-
laxis is to be utilized for accidental parenteral exposure, ISG should be used although its
value is not proven.

The major question relating to blood-borne NANB hepatitis is how it can be elimi-
nated as the major cause of posttransfusion hepatitis (PTH). Several approaches have been
studied. Use of exclusively volunteer donor blood results in approximately a fourfold
reduction of NANB PTH from 17 to 35% with paid donor units to 6—7% with all volunteer
donor blood. A second approach has been to screen donor blood for elevated hepatic
enzymes that would indicate chronic hepatitis in the donor. Aach et al. showed that 10 of
11 recipients of blood units with serum alanine aminotransferase (ALT) levels greater than
45 U developed PTH.3! Using a cutoff of ALT greater than 45 IU would have eliminated
45% of NANB PTH hepatitis while excluding approximately 3 of every 100 units of
donor blood. Alter et al., in a similar study, used an ALT level of 2 SD above the mean as
a proposed cutoff for donor units.3? This level excluded 1.6% of donor units while
eliminating approximately one-third of infectious units of blood. Yet another strategy for
eliminating NANB positive units is to exclude blood positive for hepatitis B markers other
than HBsAg. The premise that donors with HBV experience probably have greater NANB
agent experience is probably true. Elimination of as much as 10% of the donor pool based
on anti-HBs or anti-HBc positivity would be a stress on the blood supply. Further study to
demonstrate or estimate the protective effect of such measures is necessary.

Attempts at protection from NANB PTH by passive immunoprophylaxis with ISG
have been carried out. Results have been conflicting, with several studies showing no
protection while others demonstrated significant reduction in active NANB PTH. ISG is
expensive and would be scarce if given after all transfusions. Possible suppression of
icteric disease after transfusion, possibly without eliminating infection, raises the question
of whether such prophylactic attempts would only increase the amount of chronic NANB
carriage. One study concluded that ISG should be given to all recipients of more than two
units of blood in a single transfusion.33

As with the non-blood-borne form of NANB hepatitis, there is no prospect in the
near future for a vaccine for the agent or agents of blood-borne NANB hepatitis.
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Streptococcal Pharyngitis

Mark Multach

1. INTRODUCTION

Two hundred years have passed since the recognition that rheumatic fever affects the
heart.! Since that time, our understanding, diagnosis, and treatment of the disease have
changed dramatically. The recognition that pharyngitis was related to acute rheumatic
fever (ARF) came in the early 1930s. In the early 1950s Wannamaker and co-workers
showed that ARF could be prevented by early treatment of group A B-hemolytic strep-
tococcal (GABHS) pharyngitis with penicillin.?-3 The association of a preceding GABHS
pharyngitis, along with the discovery that early treatment of this infection could essen-
tially eradicate the risk of rheumatic heart disease, has produced a remarkable change in
the morbidity and mortality of this complication.

In 1979 pharyngitis accounted for more than 40 million visits to physicians’ offices.*
Inappropriate utilization of diagnostic examinations could represent a large economic
burden, even with a test as inexpensive as a throat culture. On the other hand, empirical
treatment of all patients with *‘sore throats’’ could lead to both an inordinate expense and
considerable morbidity due to anaphylactic reactions. In spite of the frequency with which
we are faced with pharyngitis, there is still much controversy surrounding its diagnosis
and treatment. This chapter will review the current epidemiology, diagnosis, and treat-
ment of this disease and its complications.

2. EPIDEMIOLOGY

2.1. Streptococcal Pharyngitis

Pharyngitis is one of the most common illnesses bringing adult patients into a
physician’s office, comprising as much as 15-20% of patient visits? in a general practice.
Surveys of physician practices show that approximately 50% of these have throat cultures
performed. Cultures are positive for GABHS in approximately 20—30% of these patients.

One must keep in mind which patients have a high risk of streptococcal pharyngitis.
First, the relative contribution of GABHS in acute pharyngitis decreases above the age of
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18 years, as does the incidence of ARF in this population (ARF occurs most frequently in
those with the most frequent and intense infections). Second, certain adults are at higher
risk for GABHS-induced pharyngitis: (1) anyone with frequent contact with patients with
a high incidence of GABHS pharyngitis (e.g., parents of young children—especially
school-age children, school teachers, physicians, nurses, allied medical personnel); and
(2) military personnel. Finally, the incidence and severity of streptococcal pharyngitis,
and the immune response to it, are related to various epidemiological features of GABHS
infections, including altitude, season, age, economic factors, and crowding (e.g., military
barracks, closed institutions, large families in small quarters, residents of densely popu-
lated areas of major cities), which leads to increased person-to-person spread of the more
virulent GABHS.

One difficulty in dealing with acute pharyngitis is determining the meaning of a
positive throat culture. Throat cultures will grow GABHS in 5—15% of individuals tested
from an asymptomatic population. In all patients with a positive culture for GABHS, only
50% develop serological evidence of infection.> It then becomes important to find some
way to discriminate between acute pharyngitis secondary to GABHS and acute phar-
yngitis in a carrier of GABHS. Several criteria have been used, and criticized, in an
attempt to differentiate between the carrier state and acute infection:

1. Degree of growth (number of colonies) on the throat culture: It has been proposed
by several authors that patients with fewer than 10 growing colonies on culture
are chronic carriers and not acutely infected by GABHS. Although this is an
attractive theory, no data yet support it. In fact, in the Fort Warren study,? there
was no difference in the risk of ARF in patients with light growth of organisms
versus those with moderate or heavy growth. Komaroff ez al.® showed no signifi-
cant association between growth (heavy or light) and increases of antistreptococ-
cal antibodies. The severity of the infection is correlated with the intensity of the
resultant immune response, which is directly correlated with the incidence of
ARF.

2. Extent of increase in antistreptococcal antibodies: First, this is not useful clini-
cally, as the increase is seen up to several weeks after the time frame for effective
prophylaxis; its utility is in studies testing the value of other parameters in
estimating the risk of streptococcal pharyngitis. Even in patients treated with
antibiotics within 24 hr, there is a measurable increase in antibodies, although the
increase is much greater in untreated patients with positive cultures.” This brings
up one difficulty in interpreting the literature since the advent of antibiotic thera-
py: studies use the serological response as the ‘‘gold standard’’ to diagnose
GABHS pharyngitis. However, treated patients will often not show a significant
serological response (in fact, treatment is aimed at decreasing the immune re-
sponse, and thereby, the incidence of ARF). This leads to an underestimation of
the disease in treated patients.

2.2. Rheumatic Fever

In epidemic outbreaks, approximately 3% of patients with cultures positive for
GABHS will go on to develop ARF if left untreated.? In nonepidemic cases, 0.6—2.6% of
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GABHS pharyngitis will lead to ARF if untreated. The attack rate for ARF is related to the
rheumatogenicity of the streptococcal strains involved in the infection. In epidemics, there
is an increased incidence of strains with high rheumatic potential, and there is a high
degree of spread. In nonepidemic outbreaks, the tendency is toward isolated cases, with
less spread of the high-risk strains.

In the last 70 years, there has been a dramatic decrease in the incidence of ARF in
most parts of the United States and western Europe. Thirty years ago, the incidence of
ARF ranged from 50 to =200 per 100,000; this has declined to as low as 0.5 per 100,000
in some populations. In the 1930s it was recognized that prophylaxis of patients having a
history of ARF with various antibiotics (sulfanilamide, penicillin) reduced the occurrence
of recurrent episodes. Furthermore, in 1951-1952 Wannamaker and co-workers, in a
randomized clinical trial, showed that ARF could be prevented by early treatment of
GABHS pharyngitis with penicillin.?-3 Initiation of antibiotic therapy within 3-7 days
brought the ARF rate from 3% to =0.6%. These discoveries were responsible, in part, for
the decline in the attack rate of rheumatic fever.

The beginning of this decline, however, antedated the discoveries of these beneficial
effects of antibiotics in the prevention of ARF. The rate of decline was due initially to
improvements in living conditions. However, the rate of decline in the incidence of ARF
accelerated in the 1950s and 1960s, decreasing from 25-50 per 100,000 in the 1950s to
0.5-2 per 100,000 in the late 1970s, coincident with initiation of antibiotic therapy of
streptococcal pharyngitis. While the incidence of GABHS pharyngitis has remained es-
sentially unchanged through the years, the recognition of GABHS as the etiological agent
in ARF, along with early treatment and secondary prophylaxis, has had a significant
impact. Recognition and treatment of populations at risk for ARF have played an impor-
tant role also. The risk factors include the following:

1. Crowded living conditions—evidenced by a high incidence in military camps and
cities with high population density.?

2. Indigent populations.

3. Genetic factors—some factors seems to limit susceptibility to ARF in less than
3% of those with GABHS pharyngitis. Along these lines, monozygotic twins
have a higher incidence of ARF than dizygotic twins. However, the concordance
(percentage of identical twin pairs in which both members exhibit a certain trait;
in this case, the trait is development of ARF following GABHS pharyngitis) of
AREF is only 20%,8-° indicating low penetrance of genetic predisposition to ARF.
Monozygotic twins also show concordance in manifestations of ARF, whether
living in close proximity or not.2 Finally, one research group has shown a correla-
tion between HLA-D4 and susceptibility to ARF in Caucasian populations.10

4. Past history of ARF, especially with rheumatic valvular disease or Sydenham’s
chorea. Chronic rheumatic valvular disease is a greater risk factor than acute
disease which resolves.

Finally, change in the rheumatogenicity of various streptococcal strains has had a
significant affect on the inciderice of ARF. Epidemiological evidence suggests that certain
group A serotypes have a greater ability to cause ARF.!! It appears that there has been a
shift in the GABHS strains involved in acute pharyngitis. This shift has been away from
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the more rheumatogenic strains seen in the Wannamaker studies (M-types 5, 14, 19, 24)
to less rheumatogenic strains (especially M-type 12) found to be prevalent in more recent
studies that involved typing of organisms isolated from patients with cultures positive for
GABHS.

While the incidence of ARF has declined in the United States and western Europe as
a whole, it has remained high within some populations. In this respect, incidence figures
quoted earlier (0.5 cases of ARF per 100,000) are misleading, as seen in Table I.12

Very high rates are seen in Indian reservations, where recent attack rates for ARF
approximate 9.5—13.5 per 100,000.13 Of course, the classic example of the variability of
AREF attack rates is Wannamaker’s study of military recruits, in which the rates were up to
5 times higher than in similar studies in other populations.

Prior ARF increases the attack rate of subsequent ARF: the risk of recurrent ARF
following GABHS-induced pharyngitis may reach 60-70% versus a risk in the general
population of <3%. The recurrence rate decreases as the time from the initial episode of
ARF becomes greater: during the first 5 years, the yearly incidence is 19%, decreasing to
11%, 6%, and 1.4% in the succeeding 5-year periods, respectively. Certain subpopula-
tions are at particular risk!4:

1. Patients with residual heart disease (by physical examination, echocardiogram).

2. Patients who had ARF that included carditis, with or without current evidence of
rheumatic heart disease. Patients with recurrent ARF tend to have the same
manifestations as in previous episodes, with the exception of chorea.

3. Patients who had a greater immune response during the episode of GABHS
pharyngitis that led to the first episode of ARF—the underlying process in ARF
appears to be an immune response against myocardial tissue. This immune re-
sponse may be induced by reaction against streptococcal antigens, which are
similar in structure to myocardial antigens. Immunological cross-reactivity has
been noted between some streptococcal cell wall antigens and human myocardial
antigens.

In early studies of the association of GABHS pharyngitis and ARF,?7 it was
noted that the greater the immune response to streptococcal antigens (rise in
antibody titers to antigens such as antistreptolysin) following GABHS phar-
yngitis, the higher the subsequent risk of ARF. Following the treatment of
GABHS with antibiotics, the immune response—and subsequent risk of ARF—
were markedly diminished.

Table I. Incidence of Acute Rheumatic Fever

Incidence (per 100,000)

Age (years) Total Black White
<5 0.32 0.63 0
5-17 1.73 2.69 0.76

18-64 0.43 0.79 0.07
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3. RATIONALE FOR TREATMENT
Several arguments support the treatment of patients with acute pharyngitis:

1. For symptomatic relief: Several studies!>~!7 have shown that early antibiotic
therapy decreases the symptomatic period of pharyngitis by 12-24 hr; although
this difference has been shown to be statistically significant, it is short lived, so
that by 48—72 hr there is no difference in the extent of symptoms between
treatment and control patients.!® Penicillin for presumed GABHS pharyngitis
may help the patient by treating another pharyngeal pathogen. Komaroff et al.
note that organisms such as Neisseria gonorrhoeae, Hemophilus influenzae, and
Corynebacterium diphtheriae respond to penicillin and cause pharyngitis.1?

2. Prevention of supporative complications: Several early studies2?-2! showed a
decreased incidence of supporative complications following GABHS pharyngitis
in patients receiving treatment. These findings were especially true for local
complications (peritonsillar abscess) compared to distant spread (metastatic foci,
bacteremias).

3. For the prevention of ARF.

The latter reason remains the most compelling. Numerous studies have shown that early
treatment of GABHS pharyngitis, with elimination of GABHS from the throat, shows a
direct correlation with the reduction of consequent ARF. In addition, a relationship has
been established between the timing of the treatment and the degree of reduction of
consequent ARF?2: treatment within 48—72 hr of onset of symptoms is 95% effective;
within 1 week, 90%; 2 weeks, 67%; and 3 weeks, 42%.

4. DIAGNOSIS

4.1. Clinical Diagnosis of GABHS Pharyngitis

The clinical diagnosis of GABHS pharyngitis has been studied extensively, using
both historical and physical findings. Various signs and symptoms show the frequencies
listed in Table II compared to non-GABHS pharyngitis.?3-2* As can be seen, no set of
signs or symptoms is unique to GABHS pharyngitis.

It is necessary to make the proper diagnosis with the greatest efficiency and the
lowest rate of false-negative results. Several investigators have studied the ability of
clinicians to make the diagnosis of GABHS pharyngitis based on their clinical skills.
These studies use a positive culture as the ‘‘gold standard’’ of diagnosis. Clinicians are
able to correctly predict the results of cultures in only 30—-70% of cases.?*-25 Even under
ideal conditions (e.g., experienced physicians treating pediatric cases, in which the
clinical picture is, in general, more ‘‘typical’’ than that seen in adults), at least 30% of
cases will be missed.23:26 The conclusion of those authors and their successors has been
that while “‘certain symptoms and signs were suggestive of streptococcal infection . . .
none were diagnostic.’’23

Nevertheless, clinical findings can be quite helpful. For example, the presence of a
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Table Il. Signs and Symptoms of Pharyngitis

Signs/symptoms GABHS (%) Non-GABHS (%)
Sore throat 79 44
Odynophagia 65 32
Pharyngeal erythema 92 75

moderate/severe ~50 20-25
Exudate 54 27

moderate/large ~16 ~1
Cervical adenopathy 80-90 =60
Fever 15-30 —
Cough 10-15 25-35
Coryza 10-15 >25

moderate or severe pharyngeal exudate is seen 16 times as often in GABHS pharyngitis as
in non-GABHS pharyngitis, while coryza is seen twice as commonly in non-GABHS
pharyngitis. The presence of coryza and cough showed a strong negative correlation with
GABHS pharyngitis, being present in fewer than 4% of cases. This has led to the
development of diagnostic strategies or clinical decision rules to increase the diagnostic
yield, decrease the false-negative rate, and obviate the need for throat cultures.?2-27—33
These strategies utilize signs and symptoms but give them relative weights according to
the correlation with disease seen in other studies.

Walsh et al.3° scored patients on five factors: oral temperature (3 points for each
degree over 36.1°C/97°F), recent exposure to streptococcal infection (17 points), recent
cough (—7 points—e.g., a negative predictor), pharyngeal exudate (6 points), and en-
larged or tender cervical nodes (11 points). Breese3? used 13 factors to separate patients
into varying degrees of risk for GABHS pharyngitis: age, season, sore throat, fever,
white-blood count, cough, headache, abnormal pharynx, abnormal cervical glands, cor-
yza, diarrhea, abnormal lungs, and abnormal ears. The latter four criteria were deleted
from the study as having no additional value. A summary of these decision strategies, as
well as two others noted prominently in the literature, is shown in Table III.

Using these factors, it was possible to sort patients according to levels of probability
of a culture positive for GABHS. Walsh et al.30 found that patients with a score of less
than 10 points (for example, a patient with enlarged/tender cervical nodes—but without
exudate, or recent exposure to GABHS—cough, and no more than low-grade fever) had a
4% culture positivity rate. On the other hand, patients with a score greater than 10 had a
21% culture positivity rate. The results are shown in Table IV.

By way of example, Tables III and IV can be used to evaluate several sample
patients:

1. Patient 1 presents with a sore throat, a scratchy sensation in her eyes, and a
history of a slight cough; on examination, she has tender cervical adenopathy and
marked tonsillar exudate.

2. Patient 2 presents with malaise and a ‘‘dry’’ throat without a sore throat; on
examination, he has pharyngeal erythema.



STREPTOCOCCAL PHARYNCITIS 87

Table Ill. Scores for Clinical Parameters in Four Diagnostic Strategiesa

Symptom Walsh30 Breese32 Komaroff34 Centor27.31

Tonsillar exudate 6 4 1 or 2 1

Anterior cervical adenopathy 11 4 1 1

Temperature >100°F 9b 4 NA 1/
History of recent exposure to GABHS 17 NA 1 NA
Headache NA«< 4 NA NA
Cough -7 24 NA 1

No rhinorrhea NA NA NA NA
Myalgias NA NA 1 NA
Itchy eyes NA NA -1 NA
Season NA Variese NA NA
Age NA Varies/ NA NA
WBC NA Varies# NA NA

aRef. 27,30,31,32,34.

53 points for each degree over 36.1°C (97°F).

°NA, not applicable.

9Presence of a cough adds 2 points, absence adds 4.

¢Winter (Feb.—Apr.), 4; (Jan., May, Dec.), 3; (June, Oct., Nov.), 2; (July, Aug., Sept.), 1.
f5-10 yrs, 4; 4 or 11-14, 3; 3 or >15, 2; =2, 1.

€0-8.4, 1; 8.5-10.4, 2; 10.5-13.4, 3; 13.5-20.4, 5; =20.5, 6; not done, 3.

#Marked tonsillar exudate, 2; Pinpoint tonsillar exudate, 1.

iPositive throat culture for GABHS in the preceding year.

JFor any history of fever 1 point.

Table IV. Probabilities of Positive Cultures for GABHSa

Probability of culture

Study Clinical score + for GABHS (%)
Walsh 30 =17 28
5-16 15
<5 4
Breese 32 18-25 6
26-29 36
30-38 78
Komaroff 34 0 10
>1 =20
Centor 27-31 0-1 11
=2 32

aThese probabilities are calculated on populations with known
overall frequency of GABHS-positive cultures among all adult
patients presenting with sore throat at that particular center
(~15% for Walsh,30 ~54% for Breese,3? ~20% for Komaroff,34
~17% for Centor,3! and ~26% for Centor?7).
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Table V. Sample Patients: Clinical Prediction of Positive Culture

Walsh30 Breese32 Komaroff34 Centor27.31
Score Risk« Score Risk< Score Risk¢ Score Risk<
Patient 1 10 15% 17 <6% 2 >20% 0 32%
Patient 2 0 4% 4 <6% 0 10% 0 11%
Patient 3 22 28% 14 <6% 2 >20% 4 32%

aRisk = the probability of a culture positive for GABHS.

3. Patient 3 presents with sore throat, a recent cough, and fevers (undocumented)
recently; on examination, cervical adenopathy, pinpoint tonsillar exudate, and a
temperature of 101°F are found. (See Table V.)

It is clear that there is variability from strategy to strategy. Most notable is the low
yield of the assessment using Breese’s strategy. This is due in large part to the develop-
ment of this strategy using children as the cohort. The presentation of GABHS pharyngitis
in children is somewhat different than in adults. In addition, when comparing rules, one
must take into account population characteristics of the original test population, as well as
the population being tested. Certain characteristics of the populations, such as the preva-
lence of GABHS in acute pharyngitis in a geographical area, will change the relative
values of individual components of the decision rule.?7-35

4.2. Throat Culture

With the realization in the 1950s that the clinical diagnosis of streptococcal phar-
yngitis was misleadingly low, it has become popular to perform throat cultures. The
proper technique for this culture is to take a sterile cotton swab and rub it on the tonsils
and posterior pharynx. Swabs can sit in sterile conditions for several hours before inocula-
tion of the culture plate. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>