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FOREW ORD

Data in Immunization Against Disease are derived from 
official reports submitted by states and other reporting 
health jurisdictions. Weekly tallies of the numbers of cases 
of reportable diseases are sent to the Center for Disease 
Control (CDC) as part of the established National Mor
bidity Reporting System and are tabulated in the Morbid
ity and Mortality Weekly Report (MMWR) published by 
CDC. Official mortality data are provided by the National 
Center for Health Statistics in the Monthly Vital Statistics 
Report (MVSR).

Collecting information on individual cases of selected 
diseases, such as poliomyelitis and diphtheria, is a sur
veillance activity of various programs at CDC. This infor
mation comes through epidemiologic and laboratory report
ing channels from state and other health jurisdictions. 
Surveillance data on cases of specific communicable dis
eases are a very useful resource for careful analysis of dis
ease trends. Case counts from surveillance activities may 
not always match the official totals because of the inherent
ly different mechanisms of collection. The reader should

remember that the official data (those in MMWR and 
M VSR) are the authoritative and archival counts of cases 
and deaths, but surveillance records provide additional in
sights into trends and patterns of communicable diseases 
and therefore merit attention.

Immunization Against Disease represents a collaborative 
effort of various staff members of CDC. The original 
version, developed in 1966 in the Office of the Center 
Director, was based on data collected by the Epidemiology, 
Smallpox Eradication, Foreign Quarantine, and Ecological 
Investigations programs, the Laboratory Division, and the 
Immunization and Tuberculosis branches of the State and 
Community Services Division. Updating Immunization 
Against Disease has been an ongoing project since the 
original version was published. So many staff members at 
CDC have been involved in this effort that we cannot 
acknowledge all contributions on an individual basis; 
however, we take this opportunity to recognize the people 
listed below for their contribution to this edition.
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INTRODUCTION

The development and routine use of vaccines has had a 
dramatic effect on the occurrence of certain infectious 
diseases, as will become quite apparent in later chapters. 
For example, 7 vaccines are currently recommended for 
routine use for children in the United States. Only 6 visits 
for vaccination are required in order to ensure effective 
protection before a child enters school.

Vaccinations are given in a variety of settings, including 
private physicians’ offices, local health departments, special 
school-based clinics, neighborhood health centers, and 
hospital out-patient clinics. These distributions vary greatly 
from state to state, but overall it is estimated that private 
physicians give 50% of the vaccinations received by children 
and that the other 50% are given in the public sector, pri
marily in local health department clinics.

Although few visits are required and the vaccines them
selves are relatively inexpensive, there is clear evidence that 
not all children in the United States receive the recom
mended vaccines. In late 1976, it was estimated that there 
might be as many as 20 million American preschool and 
school-age children who needed at least 1 dose of 1 antigen 
in order to be considered fully protected. To remedy this 
problem and to counter rising levels of measles morbidity, 
an intensified immunization effort (the Childhood Immuni
zation Initiative) was undertaken in the period April 1977- 
October 1979. This Initiative had 2 goals: 1) ensuring that 
at least 90% of the nation’s children had received needed 
vaccines and 2) developing a permanent system to maintain 
this percentage in the future.

Various efforts made to achieve these objectives in
cluded increased federal support for immunization, in
creased public information education activities, increased 
use of volunteers, and improved cooperation among govern
ment agencies. Special emphasis was placed on identifying 
schoolchildren who had not had all needed vaccines. More 
than 24 million individual school records were reviewed, 
and the appropriate children were either vaccinated at 
school or referred for vaccination. It became clear that 
in order to ensure that a high percentage of the population 
would be protected by vaccination, requirements for vacci
nation had to be enforced as a condition of entry into or 
attendance at school. By Oqtober 1979, all 50 states and

the District of Columbia had laws requiring that children be 
vaccinated or have other proof of immunity before they 
initially entered school. There was good evidence from 
school entry surveys and record assessments that the goal 
of having 90% of all school-age children immunized had 
been reached. Whether this level of success can be main
tained in the future will clearly not be known for several 
years. Several essential factors in this effort include 
continued emphasis on the need for vaccination, continued 
enforcement of vaccination requirements and their expan
sion to include all levels of school, and continued support 
from federal, state, and local governments for vaccination 
in the public sector.

This edition of Immunization Against Disease is a review 
of the status of diseases that are important to the United 
States and for which vaccines are used in an effort to 
prevent disease—temporarily or permanently. The depth of 
analysis, scope of coverage, and general level of detail will 
undoubtedly change with added insights and new sources 
of information. The discussions primarily cover data 
summarized through the 1978 calendar year and are ad
dressed to students and practitioners of public health and 
medicine. The book assesses for this audience not only 
achievements in control but also the collective obligation 
to be alert to present and future needs.

The manual is divided into 4 major sections. The first 
deals with the status of vaccine-preventable diseases. The 
second contains the 1978 Biologies Surveillance Summary 
(a collaborative effort of CDC and the major producers of 
biologies in the United States). The third contains chapters 
on immunization for hospital employees and for pregnant 
women and tables showing the recommended schedules for 
vaccinating infants and children. The fourth contains the 
current recommendations of the Immunization Practices 
Advisory Committee (ACIP). Each of the recommendations 
of the ACIP was printed earlier in the Morbidity and 
Moratility Weekly Report. The compiled recommendations 
are intended to be a convenient supplement to the reviews 
of disease status. Each includes an interpretation of the 
role of immunization and recommendations for practition
ers in the areas of public health and preventive medicine in 
the United States.
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SECTION I: 
CURRENT REVIEWS



Cholera
Cholera is an acute intestinal infection caused by Vibrio 

cholerae O-group 1. At its worst, cholera deserves its 
historic reputation; it can produce diarrhea so severe that 
cardiovascular collapse and death occur in less than a day; 
however, the infection is usually mild and self-limited or 
subclinical. Patients with severe cases respond dramatically 
to simple fluid- and electrolyte-replacement therapy, and 
cholera deaths are entirely preventable.

V. cholerae 01 is a gram-negative, curved, rod-shaped 
bacterium that is actively motile and has a single polar 
flagellum. Symptoms are caused by a heat-labile exotoxin 
elaborated in vivo. Infection is acquired by ingesting con
taminated water or food. Cholera, unlike shigellosis, is not 
easily transmitted by person-to-person contact. Other 
hospital patients, physicians, nurses, and ward attendants 
almost never become clinically ill as a result of contact 
with cholera patients or their excreta. _

The organism is fragile and easily killed by proper 
chlorination, exposure to sunlight, or drying. Although 
water plays the major role in transmission, fresh water 
cannot ordinarily serve as a continuing source of infection. 
When there are no more cases or carriers in an area, vibrios 
usually disappear within a few days, even from heavily 
contaminated water; however, cholera vibrios can survive 
for weeks and months in salt water.

The 2 recognized biotypes of V. cholerae 01 are classi
cal and El Tor. Severe cases of illness caused by each bio-

Figure 1. Extension of

type are almost identical. The classical biotype is thought 
to have been responsible for the repeated worldwide 
pandemics of the 19th century. More recently, this biotype 
has been found only in a few endemic foci on the sub
continent of Asia. The El Tor biotype has been responsible 
for the pandemic spread of cholera that began on the island 
of Celebes in Indonesia in 1961. The pandemic involved the 
Middle East by 1966 and, beginning in 1970, spread into 
large portions of Africa and some European countries 
(Figure 1). The number of countries per year reporting 
cholera was quite stable from 1970 to 1978, and there were 
no major changes in the number of reported cases in the 
period 1972-1978 (Figure 2).

Many more asymptomatic cases are produced by the El 
Tor biotype than by the classical. Studies have shown that 
for each diagnosed and reported case, there may be as many 
as 25 to 100 persons with mild symptoms or asymptomatic 
infection (Figure 3). With modern transportation, persons 
with mild or asymptomatic cholera can easily carry the 
disease long distances and across international borders.

Risk to Travelers
Although literally millions of Americans and Western 

Europeans have traveled through or lived in cholera- 
infected areas in the past 15 years, only 7 American travelers 
have had documented cases of cholera, all nonfatal. Several 
factors account for this very low risk to Americans and

Tor cholera, 1961-1978
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other Westerners. First, these persons tend to frequent 
tourist hotels and restaurants that maintain relatively high 
sanitary standards, and they thereby avoid exposure to 
questionable water and food supplies. Second, if they plan 
to travel to areas known to have cholera, they are likely to 
be vaccinated against cholera shortly before leaving home. k 
Although cholera vaccine affords only partial protection, 
this protection is greatest for the first 2 months after 
vaccination.

Travelers in cholera-infected areas should avoid eating 
uncooked vegetable^ such as lettuce and celery because 
farmers are known to “freshen” their products on the way 
to market with water that may be contaminated. However, 
fruits peeled by the consumer are safe, and carbonated 
bottled drinking water and carbonated soft drinks are 
generally safe. One large outbreak of cholera caused by,un
carbonated commercially bottled mineral water has been 
reported.

Swimipers should avoid beaches contaminated with 
human sewage. If in doubt, they should swim only in con
structed pools that contain chlorinated water.

Risk to the Western Hemisphere
Although Vibrio cholerae 01 was introduced into the 

United States in or before 1973 and apparently persisted 
through 1978, only 12 cases were reported-in Texas in 
1973 and 11 in Louisiana in 1978. The Louisiana cases 
were all caused by eating contaminated crabs from a coastal 
Louisiana marsh. Cholera is unlikely to become an im
portant cause of morbidity in the United States because 
most communities have reasonably modern sewage disposal 
and safe, chlorinated water supplies. However, conditions 
in many areas of Latin America favor the transmission of 
cholera, and rapid air travel makes the eventual intro
duction of the disease into susceptible environments in the 
Western Hemisphere likely.

Once V. cholerae 01 has been introduced, its spread and 
the formidable loss of life that formerly accompanied out
breaks can be prevented. The necessary measures consist of 
maintaining surveillance, conducting epidemiologic in
vestigations to determine the vehicle(s) of transmission, 
providing sanitary water supplies and waste disposal, and 
administering modern treatment to individual patients.

Figure 2. Number of reported cholera cases and number of counties reporting, 1951-1978*
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Cholera need no longer be considered a dread disease. As 
mentioned above, persons with severe cases respond well to 
intravenous fluid and electrolyte replacement therapy. 
Antibiotics shorten the duration of diarrhea and Vibrio ex; 
cretion. The case-fatality ratio for patients who must be 
hospitalized and are given proper treatment should not 
exceed 1%.

Indications for Vaccination
There is no scientific basis for using cholera vaccine 

in managing imported cases or in combatting outbreaks. 
Currently available cholera vaccines provide protection for 
only about 50% of vaccinees and then for only a few 
months, and they do not prevent transmission of the 
organism.

Late in 1970, the Surgeon General of the Public Health 
Service lifted the requirement for vaccination of persons 
entering the United States from cholera-infected areas, 
stating:

There is clear evidence that cholera vaccine 
is of little use in preventing the spread of 
cholera across borders. We have, today, 
excellent treatment for cholera. The only 
effective method of preventing the spread 

' of the disease is improvement of environ
mental sanitation. Therefore, in weighing 
costs and benefits, the United State's has 
decided there is no reason for our Govern
ment to require cholera vaccination as a 
condition of entry to the U.S. for travelers 
coming from an infected area.

A similar position has been adopted by the World Health' 
Organization. Nevertheless, some countries still require 
cholera vaccination for travelers who have been in cholera- 
infected areas. Accordingly, visitors to such countries 
should be vaccinated to avoid having their travel restricted.

Figure 3. Spectrum of El Tor cholera

1 Cases detected in bacteriological surveys. 
2Cases detected in outpatient clinics.
3 Hospitalized patients with cholera gravis.

J
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Diphtheria

Diphtheria was described as a specific clinical entity in 
1826 by Bretonneau, who recognized it as an infectious dis
order, but descriptions of illnesses compatible with 
diphtheria date back as far as the 6th century A.D. It was 
not until 1883 that Klebs first described the morphology of 
the diphtheria bacillus (Corynebacterium diphtheriae) as 
seen in smears from the throats of patients with the disease. 
A year later, Loeffler established that the bacillus caused 
the disease. Loeffler also postulated the role of a diffusible 
exotoxin in causing tissue damage in areas remote from the 
pharynx, and in 1888, Roux and Yersin characterized 
diphtheria toxin. In 1923, Ramon showed that formalin- 
treated toxin (now called toxoid) was effective in con
veying active immunity. Diphtheria toxoid began being 
widely used in the United States about 1940 and has been 
routinely given to children and, to a lesser extent, to adults 
since that time.

It is now known that diphtheria toxin contributes to the 
severity of the pharyngeal involvement with diphtheria and 
is responsible for cardiac and neurologic complications. 
Nontoxigenic C. diphtheriae strains usually cause only 
mild pharyngitis. Three biotypes of C. diphtheriae are 
recognized: mitis, gravis, and intermedius. However, al
though biotyping is often useful in epidemiologic studies, 
the clinical severity of disease caused by the 3 biotypes 
does not differ markedly.

Asymptomatic carriage of C. diphtheriae in the nose and 
throat is far more common than clinical diphtheria. For-this 
reason, carriers appear to be more important than symp
tomatic persons in the spread of the infection. Skin in
fection in the form of impetiginous or other types of 
lesions has been shown to be common in some parts of the 
United States, and skin carriers appear to spread the 
organism as effectively as throat carriers.

Recent Trends
Over the 50 years before 1965, there was a progressive 

2,000-fold decrease in the incidence of diphtheria in the 
United States. From 1965 through 1975, a relatively steady 
200+ cases were reported each year. After 1975, the in
cidence declined again, with 76 cases being reported in 
1978, From the 1920s into the 1970s, the case-fatality 
ratio remained constant at about 10%; it has recently 
decreased to about 5% (Figure 1).

In recent years, diphtheria has become a focal disease; 
that is, most cases have occurred in a few areas that rather 
consistently report cases. The number of states reporting 
cases progressively fell from 43 in 1960 to 9 in 1978. 
Epidemics in focal areas have contributed a large propor
tion of cases. For instance, 54% of the cases in 1970 were 
reported from Texas, where an epidemic was occurring in 
San Antonio, and 84% of the cases in 1978 were reported

Figure 1. Diphtheria-reported case and death rates by year, United States, 1920-1978
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from Washington, where an epidemic was occurring in 
Seattle. If cases from those 2 states are excluded, the in
cidence of diphtheria for the other 48 states has gradually 
decreased since 1965.

The incidence of diphtheria in the United States’ has 
characteristically been higher in the autumn and winter. In 
the last few years, however, cases have been more evenly 
distributed throughout the year. This change has occurred 
primarily because the epidemic in Washington has contri
buted a large proportion of cases, and these cases have been 
distributed throughout the year (Figure 2).

Figure 2. Diphtheria cases by month, United States, 1974-1978 and 
1977-1978

Although diphtheria affects persons of all ages, it has 
traditionally been a disease of preschool and school-age 
children. In recent years, more cases of diphtheria have 
been reported for older people, a shift primarily reflecting

the fact that the epidemic in Washington was among adults. 
Youngsters and the elderly are most likely to have severe 
disease, as reflected by case-fatality ratios (Table 1).

American Indians are at significantly higher risk than the 
general population of acquiring diphtheria. The reported 

- annual incidence in the United States for American Indians 
from 1971 through 1975, for instance, was 1,209 cases per
100,000 compared with 5.9 for whites, 6.6 for blacks, and 
<1 for Asian Americans,

Prophylaxis
Vaccination with diphtheria toxoid is by far the safest 

and most effective method of preventing diphtheria. 
Children should receive a primary series o f 3 doses before 
they are a year old, a booster at 18 months, and another 
booster when they enter school. After that, every 10 years 
they should receive a booster containing an adult dose, 
which is available combined with tetanus toxoid (Td). It has 
been recommended that previously unvaccinated adults have 
2 adult doses, spaced 1 month apart, and a booster 1 year 
later, although the efficacy of this schedule is unporven. 
Nonetheless, it is important that diphtheria vaccines be given 
routinely according to the recommended schedule, because 
antibodies form over a period of months, and active im
munization is not effective in stopping an outbreak quickly.

Adults given the pediatric dqse of diphtheria toxoid 
have frequently had side effects—sometimes severe ones. 
Relatively few adults given the adult dose have had side 
effects, and those reported have been milder. The adult 
dose can be given without Schick testing to adults who have 
no history of allergic reactions to diphtheria toxoid.

From the 1978 immunization survey, it was estimated 
that an average of 70.6% of the U.S. population between 0 
and 14 years of age had received 3 or more doses of 
diphtheria-tetanus-pertussis (DTP) vaccine, although the 
figure was only 52.0% for poor, inner-city dwellers. Thus, 
many U.S. residents are potentially susceptible to 
diphtheria, especially those in certain subgroups. Epidemics 
in recent years have tended to affect groups comprised of 
relatively low percentages of vaccinated persons.

Table 1. Diphtheria cases and case-fatality ratios by site of infection and age group, United States, 1971-1975

Cases Deaths Case-Fatality Ratio
Non- Non- Non-

Age Group (yr.) Cutaneous cutaneous Total Cutaneous cutaneous Total Cutaneous cutaneous Total

<1 0 5 5 0 0 0 0 0 '' 0
1 - 4 4 94 98 0 10 10 0 10.6 10.2
5 - 9 5 179 184 0 10 10 0 5.6 S.4

1 0 - 1 4 4 134 138 0 2 2 0 1.5 1.4
15 -  19 3 66 69 0 1 1 0 1.5 1.4
2 0 - 2 9 55 89 144 0 2 2 0 2.2 1.4
3 0 - 3 9 105 68 173 0 3 3 0 4.4 1.7
4 0 - 4 9 100 50 150 1, 4 5 1.0 8.0 3.3
>50 152 75 227 2 15 17 1.3 20.0 7.5

Unknown 3 18 21 0 0 0 0 0 0

TOTAL 431 778 1,209 3 47 50 0.6 6.0 4.1

Current Reviews 9



When an outbreak occurs, immediate preven+ive 
measures should combine attempts to vaccinate all sus
ceptible persons and to administer antibiotic treatment to 
or isolate household and other close contacts at high risk of 
acquiring the disease. However, because active immunity in
duced by diphtheria toxoid does not prevent asymptomatic 
carriage of C. diphtheriae or the spread of the organism to 
others, nasal or pharyngeal specimens from these contacts 
should be cultured and the contacts treated with penicillin 
or erythromycin until the laboratory report is available. 
Alternatively, the contacts can be quarantined until culture

results are known. Persons with positive cultures should 
have second cultures done after having a full course ofanti- 
biotics. Those who remaift positive should be re-treated until 
their cultures are negative.

All close contacts should remain under careful daily sur
veillance in order to detect secondary cases.-If susceptible 
persons cannot be placed under adequate surveillance, they 
should each receive 20,000 units of diphtheria antitoxin in 
addition to the appropriate vaccine series and antibiotic 
treatment.

10 Immunization Against Disease



Hepatitis
Hepatitis dates back at least 2,000 years to the time of 

Hippocrates. Major epidemics are known to have swept 
through Europe over 200 years ago and through the United 
States 100 years ago; yet only in the last 40 years have 
significant advances been made in understanding the cause, 
transmission, and control of hepatitis. Progress has been 
hampered in the past because of the inability to grow the 
agents in vitro.

In the late 1930s, on the basis of epidemiologic find
ings, hepatitis was recognized to be of 2 types—infectious 
hepatitis (what we now call hepatitis A), of short incuba
tion period and primarily of oral-fecal transmission, and 
serum hepatitis (now called hepatitis B), of long incubation 
period and primarily of parenteral transmission (Table 1). 
Differentiating these 2 types clinically is quite difficult, if 
not impossible.

Table 1. Epidemiologic distinctions of Hepatitis A and B

Hepatitis A Hepatitis B
Formerly Called “Infectious” “Serum”
Transmission Fecal-oral Percutaneous 

or close 
personal 
contact

Incubation Period 
(days)

Range
15-50
(avg. 25-30)

Range
40-180
(commonly
60-90)

Age Distribution All ages; 
primarily 
young adults

All ages; pri
marily young 
adults; infre
quently, 
children

Seasonal Variation 
in Incidence

Historically more 
prevalent in 
spring-fall

None

Animal Model for 
Infectivity

Marmoset Chimpanzee

HBsAg
Anti-HAV IgM

Absent
Present

Present
Absent

National reporting of hepatitis began in 1952, and since 
1966 hepatitis A and B have been reported separately. 
Since 1966, the proportion of recorded hepatitis B cases has 
steadily risen to 28% (Figure 1); however, on the basis of 
data from epidemiologic investigations, the true proportion 
of hepatitis B cases is thought to be closer to 50%. As for 
total incidence, 53,292 cases of hepatitis were reported to' 
the Center for Disease Control (CDC) in 1978, but since 
only 10%-20% of hepatitis cases are thought to be re
ported, the true incidence is probably much higher.

The epidemiology of hepatitis A has been better de
lineated since the discovery of the causative virus. Serologic 
surveys indicate that nearly 40% of Americans have been 
infected with hepatitis A virus by the time they are adults. 
Virus is excreted in stool and spread by the fecal-oral route.

Much of the current work on hepatitis B immunization 
would not have been possible without the discovery of the 
associated antigen in the mid-1960s independently by 
Blumberg and Prince. Formerly called the Australia antigen, 
serum hepatitis antigen, hepatitis-associated antigen, and 
hepatitis B antigen, it is now known as the hepatitis B 
surface antigen (HBsAg). With this marker, the epidemio
logy of hepatitis B has been elucidated to a large degree. 
Furthermore, using sensitive tests for this antigen, workers 
have uncovered a carrier state for hepatitis B. They estimate 
that 0.3% of the U.S. population carry this antigen asympto
matically.

In the mid-1970s, a third type of hepatitis (now called 
non-A, non-B hepatitis), with a slightly shorter incubation 
period than hepatitis B, was recognized. The disease has 
been associated with transfusions of blood and blood 
products that have been screened and are known to be free 
of HBsAg. It appears to be caused by at least 2 distinct 
viral agents, but we know little about this new type of 
hepatitis. The efficacy of standard immune serum globulin 
(ISG) in protecting against this type of hepatitis has yet to 
be fully established.

ISG for Hepatitis A
Techniques for separating plasma protein components 

developed in the early 1940s led to the use of the fraction 
containing antibodies, i.e., ISG, as prophylaxis for hepatitis
A. In the United States, plasma pooled from thousands of 
donors is fractionated by the cold ethanol technique of 
Cohn to yield a solution that is 16.5% protein, 90% of 
which is immunoglobulin. Protection against hepatitis A 
is provided by the antibody to hepatitis A virus contained 
in ISG. The protection comes from the large IgG fraction, 
which has a 20-25 day in vivo half-life. In studies done in 
the period 1968-1971 in England, Israel, and the United 
States, ISG was shown to be more than 80% effective in 
suppressing overt hepatitis A for treated vs. untreated popu
lations.

ISG appears to act in 2 ways: it can actually prevent in
fection, or it can substantially reduce the severity of clinical 
hepatitis A. Immunity after such infection (passive-active 
immunity) appears to be long-lasting.

ISG" is valuable in protecting not only persons with 
definite hepatitis exposure but also those with anticipated 
repeated exposure. A low dose of ISG (0.02 ml/kg body 
weight) provides protection after any single exposure that 
carries a high risk of hepatitis A infection, e.g., contact with
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an ill household member, exposure to a common-source 
vehicle, or an accidental puncture with a needle contami
nated with blood from a person with hepatitis A. Because 
most hepatitis A virus is excreted 1-2 weeks before the 
onset of jaundice, ISG should be given to household 
contacts of the patient as soon as possible. ISG is effica
cious only if given within the first 2 weeks after infection is 
ac4uired.

For those who anticipate repeated exposure to hepatitis 
A—employees of institutions where the disease is endemic, 
travelers to or residents of developing or tropical areas of 
the world, and handlers o f newly imported nonhuman 
primates—more long-term protection may be advisable, and 
therefore a larger dose of ISG (0.05 ml/kg) is 
Larger doses provide long-lasting, not necessarily greater, 
protection. When continuous protection is desired, the 
above dose should be repeated every 4-6 months.

immunoglobulins for Hepatitis B
Two, types of immunoglobulins are available for pre- 

exposure or postexposure prophylaxis for hepatitis B. One 
is regular ISG, of which all lots manufactured after 1972 
have lower titers (64 by passive hemagglutination [PHA]) of 
antibody directed against the surface antigens of the virus 
(anti-HBs). The other is hepatitis B immune globulin 
(HBIG), which has PHA titers of at least 100,000. Both are 
moderately effective treatment preexposure and postex
posure. HBIG is currently recommended for persons who 
have been stuck with needles containing known HBsAg- 
positive blood or for infants born to HBsAg-positive 
mothers, although ISG can be substituted in either situa

tion. HBIG may be beneficial in many instances, e.g., io r 
prophylaxis against vertical hepatitis B transmission and the 
HBsAg carrier state. Clinical trials of HBIG are currently 
being held to better delineate its protective value and allow 
the formulation o f specific guidelines for its use.

Over the last several years, standard ISG has had steadily 
rising antibody titer's to hepatitis B. Although results of 
efficacy tests are not clear-cut, evidence suggests that ISG 
does play a role in preventing hepatitis B under certain 
circumstances. These circumstances include exposure to a 
small inoculum of hepatitis B-contaminated blood or other 
material by ingestion, percutaneous puncture, or splattering 
onto mucous membranes. In such instances, standard ISG 
manufactured since 1972 can be given intramuscularly to 
an adult in a dose of 0.05-0.07 ml/kg body‘weight. Ex
posure to a large inoculum, e.g., transfusion of HBsAg- 
positive blood, is not an appropriate situation in which to 
use ISG because its efficacy in such a situation has not been 
demonstrated. Since evidence favoring the use of ISG for 
family contacts of patients with hepatitis B is equivocal, 
this practice is not routinely recommended.
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Influenza
i

The 3 major types of influenza virus are called A, Bf, and 
C. Types A and B undergo antigenic variation and can cause 
epidemics. Over a period of time, the prevalent strains 
gradually become less like the strain that caused the pre
ceding epidemic and stimulated the production of pro
tective antibodi'es. Variations in the type A viruses have 
been observed more frequently and are normally more 
marked than variations in the type B viruses.

Type A influenza viruses have been further classified 
into subtypes that can be differentiated by the surface 
protein antigens hemagglutinin and neuraminidase. In
fluenza A virus strains are classified by the type of in
fluenza virus, the site and the year of isolation, and the 
type of hemagglutinin (H) and neuraminidase (N) present, 
e.g., the Russian influenza virus, first isolated in the Soviet 
Union in late 1977, is called A/USSR/77 (H1N1).

The periodic major or minor structural changes of the 
hemagglutinin and neuraminidase surface antigens of in
fluenza viruses influence epidemiologic patterns of the 
disease and the composition of influenza vaccine. Major 
changes, or shifts, that have occurred periodically have 
often been followed by worldwide outbreaks (pandemics) 
of influenza, because most of the population is not immune 
to the altered strain of virus. Pandemics occurred in 1918, 
in 1957 (“Asian flu,” H2N2), and in 1968 (“Hong Kong 
flu,” H3N2). Minor changes, or drifts, in the surface antigens 
occur continually and are-often’ associated with influenza 
outbreaks or epidemics that may be limited to continents, 
regions, or even communities.

Influenza viruses cause fever, malaise, coryza, cough, 
myalgia, and headache. Most adults have few gastroin
testinal symptoms. There is no clinical basis for differentiat
ing infections caused by the different influenza virus types, 
and influenza-like illness may be caused by several other 
families of viruses, including the adenoviruses, Coxsackie 
viruses, and echoviruses. Thus individual cases of influ
enza can only be diagnosed accurately if the virus is isolated 
from nasal or pharyngeal swabs or if a 4-fold or greater rise 
in antibody titer is measured with acute- and convalescent- 
phase serum specimens. However, it is usually easy to recog
nize epidemics of influenza. They are heralded by abnormal 
increases in absenteeism in schools and industries, by 
reports of multiple clinical cases in the same epidemiologic 
unit (family, school, or industry), or by an unusually large 
number of cases of febrile respiratory illness seen by clini
cians. In general, epidemics caused by type A strains tend 
to be more widespread and affect a broader age range; 
epidemics caused by type B strains tend to be more local
ized and to affect school-age children.

Although influenza is usually a self-limited upper ' 
respiratory illness lasting only 2-4 days, it can disrupt 
community functions by attacking many persons in a very

short period. Furthermore, some persons may have compli
cations such as pneumonia and even death (Figure 1), 
especially older persons or those who have chronic underly
ing illness such as cardiovascular or respiratory disease: Any 
excess mortality accompanying an epidemic of influenza A 
is often used as a measurement of the severity and extent of 
that epidemic. In addition, Reye syndrome is sometimes 
associated with influenza, as was noted first in influenza B 
outbreaks in 1973-74 and more recently in outbreaks of in
fluenza A in 1979.

Recent Trends
In 1976, an influenza virus (A/New Jersey/76) isolated 

from a young military recruit resembled the influenza strain 
suspected of causing the great 1918 pandemic. The possi
bility of a recurrence of such a devastating epidemic 
coupled with the opportunity to prevent its occurrence 
through vaccination* led to the initiation of the National 
Influenza Immunization Program. In this federal program 
to vaccinate all Americans against “swine flu,” over 40 
million doses of vaccine were given; however, the epidemic 
did not materialize, and only sporadic cases of influenza 
A/New Jersey were reported.

A new pandemic strain, A/USSR/77 (H1N1), similar to 
H1N1 strains isolated in the late 1940s/ appeared in the 
United States in January 1978. During that season, 3 
distinct influenza A Strains—A/Victoria (H3N2), A/Texas 
(H3N2), and A/USSR (H lNl)-circulated at the same time. 
This was the first recorded instance when a pandemic strain 
did not rapidly supplant and replace antecedent strains.

No strains of the subtype H3N2 were isolated in the 
United States in the, 1978-79 influenza season, although 
other countries reported isolating both H1N1 and H3N2 
strains. Sporadic outbreaks of type B influenza also oc
curred in 1979. The continuing circulation of these- 3 
strains makes the already difficult task of ascertaining 
which influenza strain is prevalent in an area even more 
challenging.

Vaccination and Control Efforts
Efforts to prevent influenza in the United States have 

been aimed at protecting those at greatest risk of serious 
illness or death. Usually in influenza epidemics/most of the 
people who die of influenza-related causes are children, 
chronically ill adults, and older persons, especially those 
over age 65. It is therefore recommended that individuals 
who are considered to be at increased risk of complications 
be vaccinated each year. Influenza vaccination may also be 
considered for persons who provide essential community 
services, such as policemen, or who may be at increased risk 
of exposure, such as rriedical care personnel.
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Current inactivated influenza virus vaccines stimulate the 
production of antibodies in 70%-90% of recipients. How
ever, the effectiveness of influenza vaccine (“vaccine 
efficacy”) is properly measured by the actual degree of pro
tection provided by the vaccine to the recipient who is ex
posed to the influenza virus. This has been difficult to 
determine because of unpredictable changes in the antigeni
city of influenza virus strains, the similarity of influenza to 
illness caused by other viruses, and markedly varying attack 
rates during outbreaks. Because of these difficulties, 
reported influenza vaccine efficacy has ranged from 0 to 
96%. Recent studies have shown vaccine efficacy to be as 
high as 80% against homologous strains of influenza A.

The level of antibody production stimulated by influ
enza vaccine declines significantly after 1 year. Also, as has 
been mentioned, influenza viruses undergo frequent 
changes in antigenic characteristics. Thus, influenza vaccine 
is usually reformulated each year, and it is recommended 
that individuals at high risk be vaccinated against influenza 
each year.

Recent influenza virus vaccines have been associated 
with few side effects. During the National Influenza 
Immunization Program of 1976, however, swine influenza 
vaccination was associated with the Guillain-Barre' syn
drome (GBS). GBS is characterized by ascending paralysis 
that is usually self-limited and reversible, although approxi

mately 5%, of cases are fatal. In the 10-week period after 
the “swine flu” vaccination program began, the incidence 
of GBS was 5-6 times higher for vaccinees (10 cases per 
million persons vaccinated) than for persons not given 
the vaccine. Surveillance of GBS during the 1978-79 
influenza season showed no significant association between 
having GBS and having received the influenza vaccines in 
use at that time. Even though the risk associated with 
swine influenza vaccine was extremely low, that risk might 
also be present with other influenza vaccines, and recipients 
of influenza vaccine should be aware of it. This possible risk 
should be balanced against the risk of having influenza and 
its complications.

Amantadine hydrochloride has been licensed for pro
phylaxis and treatment for respiratory tract infections 
caused by all current influenza A viruses. Amantadine can 
be considered as chemoprophylaxis for unvaccinated, 
high-risk individuals who are exposed to influenza or 
as treatment of high-risk individuals with influenza. Prop- 
phylaxis must be continued as long as the person is exposed 
to influenza. As an alternative, amantadine can be started 
the the time of vaccination and continued for at least 10 
days (if the patient has ever had an antigenically related 
vaccine) to 4-6 weeks (if the patient has never had an anti
genically related vaccine) to allow time for serum anti
bodies to develop.
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Figure 1. Pneumonia-influenza (P&I) mortality and laboratory surveillance,* United States
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Measles (Rubeola)
The first recorded description of measles was by the i 

Persian physician Rhazes (A.D. 865-925). He thought 
measles was severe, i.e., “more to be dreaded than small
pox” ; however, he did not believe that it was contagious 
and thought it was a necessary part of growing up. The 
epidemiology of measles was delineated by Panum in 1846 
after an investigation of over 5,000 cases in the Faroe 
Islands, where there had been no known cases of measles 
for 65 years. He concluded that measles was transmitted 
solely from person to person. He noted the high degree of 
infectivity, the 14-day incubation period, the respiratory 
route of spread, the higher mortality rates for infants, and 
the life-long immunity produced by a single attack. In 
1911, Goldberger and Anderson documented that measles 
was caused by a virus; they transmitted the disease to 
monkeys by giving them the filtered respiratory tract 
secretions of humans with measles. In 1954, Enders 
and Peebles isolated the measles virus in cell culture. Sub
sequent attenuation of the virus made it possible to develop 
vaccines against the disease, and measles vaccine was first 
licensed for use in the United States in 1963.

Clinical Characteristics
Measles begins with fever (frequently temperatures of 

>101 F), which is soon followed by cough, coryza, and 
conjunctivitis. After 3 4  days of prodromal symptoms, the 
rash appears. The rash is a maculopapular eruption, fre
quently beginning on the face and neck and moving down
ward. The rash lasts for at least 4 days, although it may 
begin to fade earlier in regions where it first appeared. 
Koplik’s spots appear about 2 days before the onset of rash 
and disappear about 2 days after the onset of rash. They are 
small bluish-white spots on a reddish base and are found on 
the mucous membranes of the mouth, frequently beginning 
at the level of the first molar. Koplik’s spots are considered 
pathognomonic for measles, although they may be 
confused with other oral lesions. Also, persons with measles 
frequently are not seen by a doctor until after the Koplik’s 
spots have disappeared.

Measles is transmitted in respiratory tract droplets. 
Direct contact with the droplets is generally required. The 
patient with measles can* transmit the infection from the 
fifth day of the incubation period through the first few 
days after rash appears, although the infection is most 
communicable during the respiratory prodromal phase. The 
incubation period is 12-14 days, although it may be as long 
as 20 days with modified measles, which occurs in the pre
sence of passively acquired antibody (maternal antibody or 
gamma globulin).

Measles is often a severe disease, frequently complicated 
by middle-ear infection or bronchopneumonia. Encephalitis 
accompanies approximately 1 of every 1,000 cases; sur

vivors often have permanent brain damage or mental 
retardation. About 1 of every 1,000 patients reported to 
have measles dies, predominantly from respiratory and 
neurologic causes. The risk of encephalitis and death is 
known to be greater for infants and is suspected to be 
greater for adults than for children and adolescents.

Another form of the disease, atypical measles, was first 
reported in 1965. The rash of atypical measles begins on 
the extremities, usually around the wrists and ankles; it 
may be vesicular, petechial, or maculopapular, and may 
involve the palms and soles. Pulmonary involvement, with 
infiltrates and pulmonary function abnormalities, is 
common. Atypical measles affects persons who have 
received killed measles vaccine, either alone or in combi
nation with live measles vaccine; a few cases have been 
reported to affect persons who had been given only live 
measles vaccine. Because of the risk of atypical measles and 
because the vaccine did not provide lasting immunity, 
production of killed measles vaccine was discontinued in 
1967.

Laboratory Detection
Laboratory tests commonly used to detect measles virus 

include the complement fixation (CF) test and the 
hemagglutination inhibition (HI) test (Figure 1). A test for 
measles-specific IgM, a fluorescent antibody test, a neutrali
zation test, and procedures to isolate the virus cannot 
generally be done except in specialty laboratories. The CF 
and HI tests require acute- and convalescent-phase blood 
specimens and consequently cannot be used for rapid 
diagnosis. However, serologic studies may be of great value 
in later investigations of patients with index cases or their 
contacts. This is especially true in the evaluation of 
sporadic cases of measles, when a clinical diagnosis is diffi
cult to obtain.

Case Investigation
Early reporting of measles cases and rapid case investiga

tion, identification, and vaccination of susceptible contacts 
are necessary for effective control of measles. Because lab
oratory methods to diagnose measles rapidly are not readily 
available and there is no obvious pathognomonic feature of 
the disease, standard clinical criteria should be used to 
determine the initial case response. An empirically useful 
case definition of measles in temperature of >101 F, rash of 
at least 3 days’ duration, and cough, conjunctivitis, or coryza. 
Patients with these symptoms should be considered to have 
measles unless evidence proves otherwise.

Epidemiologic Trends
Mortality from measles and the death-to-case ratio are 

highest for children under 1 year of age. Pneumonia is the
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most frequent cause of death for members of this age group 
(Figure 2). Although relatively few persons over 20 years 
old die as a result of having measles, the death-to-case ratio 
rises with age. This pattern may be related to a rising rate 
of measles encephalitis with age.

Before measles vaccine was available, more than 400,000 
cases of measles were reported in the United States each 
year. Seasonal peaks were noted in the winter and spring, 
with major epidemics every 2 4  years probably resulting 
from the rising proportion of susceptible children in the 
population (Figure 3). After the measles vaccine began to 
be widely used, the reported incidence of measles fell by 
90%. Relative increases in the yearly incidence of measles 
occurred in 1971 and 1977 (Figure 4). The increase in 1971 
may have been related to the expiration of federal project 
grant assistance for measles in 1968-69, and that in 1977 
may have been related to a gradual increase in the number 
of susceptible children. Since 1977, the reported number of 
cases of measles per year has decreased. In 1978, for 
example, 26,781 cases were reported, in contrast to the

Figure 1. Schemata of immune response to acute measles infection 
and to measles vaccine

57,345 cases reported in 1977 (a 53% decrease). The! pre
liminary total for 1979 is 13,448 cases, which is a 49% 
decrease from the number in 1978 (Figure 5). For 41 of the 
52 weeks of 1979, the weekly totals were the lowest 
ever reported. _

As the incidence of measles has declined, the infection 
has also become more focally distributed. The measles 
cases reported in 1977 were spread unevenly across the 
nation (Figure 6). Eight states, the District of Columbia, 
and 1 territory reported fewer than 10 cases of measles for 
the entire year. At various times in 1978, 40 states, 3 
territories, and the District of Columbia reported no cases 
of measles for 4 or more consecutive weeks.

Since measles vaccine has been widely used, the age dis
tribution of patients has also changed markedly. In the pre
vaccine era, most persons who had measles were preschool 
and young school-age children. The decline in the number 
of cases has been greatest for children 5-9 years old 
(93.8%), whereas the smallest decrease in incidence has 
been for children younger than 5 years (88.6%) and for

Figure 2. Measles death rates, reported cases, and death-to-case ratio 
by age group, United States, 1973-1975

RESPONSE TO MEASLES INFECTION

RE8PONSE TO MEASLES VACCINE
NT/HI
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Figure 4. Re^bfted &easies cases and deaths, United States, 
1960-197$ - *" !> A
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those 10-14 ^years sold (76.4%). Currently,, most; 61P-the" 
persons who iijave rfteasles and whose ages* are* known are 
children at least 10 years okf (Table 1).

Measles Control Programs
> ^Intensified; measles' control efforts in 1977 may have 

reduced the ‘fifmbei*- erf susceptible persons in )he fibpula- 
tioi\ajjd may; explain some of the reduction in incidence in 
■19J8; hoy/ever,- other factors contributed significantly to 
^the sharpy decline nbted ift both 1978 and 1979. Several
‘ i t  r
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states began enforcing immunization laws and did not allow 
children to enter school without adequate documentation 
of measles vaccination. Rigorous school record review and 
the requirement to vaccinate children without documented 
immunity have substantially lowered the number of chil
dren at risk.

In April 1977, The National Childhood Immunization 
Initiative was implemented in an attempt to ensure that 
90% of all children less than 15 years old would be immune 
to measles, rubella,-poliomyelitis, diphtheria, tetanus, and 
pertussis. Fifty-four percent more measles vaccine was 
given in public programs in 1977 than in 1976. This level 
was essentially maintained in 1978. Data indicate that 90% 
of the target population now have documented immunity 
to all o f the listed diseases except rubella, although the per
centages are lowef in some parts of the country.

In October 1978, the Secretary of the Department of 
Health, Education, and Welfare announced that the United 
States would try to eliminate indigenous measles from the 

^ nation by October 1982. This goal is feasible because of 
the major progress made through the Immunization Initia
tive in lowering the incidence of measles in the United 
States. The availability of an effective vaccine, the absence 
o f a nonhuman host, and the absence of a carrier state ‘ 
indicate that indigenous measles can in fact be eliminated 
frorfi the United §tate^.

In addition t a  ensuring that a high percentage of the 
population continue to have documented immunity, the 4 
major thrusts of the measles eradication program are:

L Increased emphasis on identifying and vaccinating 
susceptible adolescents and young adults, who now repre
sent k large segment of the pool of susceptible persons.

2. Increased efforts to broaden school vaccination re - . 
quirements to cover children in all grades (not just initial 
entrants) and rigorous enforcement of those requirements.

3. Stronger surveillance systems with the institution 
of active surveillance systems where they do not now exist. 
Active surveillance involves aggressive search for ‘ cases 
that would otherwise go unreported.
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4. Improved efficiency and effectiveness of outbreak- 
control measures. Whether this goal is achieved will depend 
primarily on the efforts of local and state health depart
ments and on the support they receive from organized

medicine and all levels of government. Once this goal is 
achieved, it can be maintained only through vigilance and 
an ability to respond promptly to any imported cases of 
measles.

•Shaded area represents maximum and minimum weekly values during 5-year period, 1973-1977. 
Source: MMWR weekly reports.

Figure 6. Reported measles rates by county, United States, 1977

>100.0 per 100,000
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Meningococcal Disease
,  Epidemic “cerebrospinal meningitis’* was first recog
nized as an entity in 1805 in Geneva by Vieusseux. In 1887, 
Weichselbaum described the causative organism, Neisseria 
meningitidis. In the 20th century in the United States, 
meningococcal disease occurred in epidemic proportions in 
each decade until the 1950s. Since then, it has become a 
sporadic disease with focal outbreaks, and the overall 
incidence has declined.

In 1909, Dopter found that N  meningitidis organisms 
were serologically classifiable on the basis of specific 
capsular polysaccharides. Serogroups that have most often 
been associated with invasive human disease include A, B, 
C, Y, and W-135. Although members of serogroup A are 
notorious for causing very large outbreaks, such as those in 
Brazil and Finland in 1974 and 1975, members of sero
groups B and C are currently the major disease producers in 
the United States. Used primarily as an epidemiologic 
marker in the past, serogrouping of meningococci has taken 
on a vastly more important role in disease prevention since 
licensure of meningococcal polysaccharide vaccines in 1975.

Recent Trends
A yearly average of 1,752 reported cases of meningo

coccal disease occurred in the United States from 1974 
through 1978, for a mean attack rate of 0.81 cases per
100.000 population per year (Figure 1). This incidence is 
substantially below that of the preceding decade, when the 
average number of cases per year was between 2,200 and 
3,400, for a mean attack rate of more than 1.3 cases per
100.000 population per year.

Attack rates are highest for children <1 year old and next 
highest for children 1 4 ; they are substantially lower for 
persons at least 5 years old. Although organisms from all 
the most important serogroups in the United States may 
infect persons in any age group, serogroup B attack rates 
are significantly higher than C or Y rates for infants.

Meningococcal disease has a definite seasonal trend, with 
most cases occurring in the winter and early spring.

Preventive Measures
Control of outbreaks. A new and powerful tool for pre

venting epidemic meningococcal disease became available in 
1975 with the licensure by the U.S. Food and Drug Admin
istration of polysaccharide vaccines effective against mem
bers of serogroups A and C. The vaccines are marketed 
separately or in combination for controlling epidemic dis
ease caused by members of serogroups A and C, for admin
istering to household contacts of persons with sporadic 
cases caused by members of serogroups A or C, for admin
istering to travelers to known epidemic areas, and for being 
routinely used by the military.

The dramatic reduction of epidemics caused by members 
of serogroup C among U.S. military personnel and the 
effective control of the epidemics caused by members of 
serogroup A in Finland and Brazil demonstrate the im* 
portance of these 2 vaccines, as well as that of vaccines 
developed against the other serogroups. In a typical epi
demic, one 50-mg dose of the appropriate vaccine should be 
given to all household contacts of infected persons and to 
any other persons known to be at high risk. In very large

Figure 1. Reported meningococcal infection rates by year, United States, 1920-1978

YEAR
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epidemics, vaccines must also be made available .to groups 
at lower risk. Serogroup A vaccine seems to be effective at 
least for persons as young as 1 year old, whereas serogroup 
C vaccine does not appear to be effective for those <2 years 
old.

Control of sporadic cases. While the 2 licensed vaccines 
have proven effective in epidemics, there are not enough 
data on using them in controlling endemic disease to base 
recommendations for routine vaccination of civilians. Con
sequently, chemoprophylaxis for family and other intimate 
contacts of patients remains an important aspect of disease 
prevention.- The use of chemoprophylaxis for household 
contacts is based on 2 factors: 1) the secondary attack rate 
for contacts of persons with sporadic cases (about 4 cases 
per 1,000 persons exposed in the month after the person 
with the index case becomes ill) and 2) the availability of 
antibiotics that can eradicate N. meningitidis from the 
nasopharynx.

To date, 3 drugs are known to kill the organism: sulfon
amides, minocycline, and rifampin. However, sulfonamides, 
among the earliest and most efficacious drugs, have been 
rendered ineffective in recent years by the continued pres
ence of a high proportion of sulfa-resistant strains (Table 
1), and minocycline is not recommended because of its 
severe side effects. Consequently, only rifampin has proven 
to be both safe aftd effective for routine use.

Table 1. Proportion of sulfonamide-resistant isolates of N. meningi
tidis (from civilians) submitted to the Center for Disease 
Control, 1974-1978

Serogroup 1974 1975 1976 1977 1978
A l/4 a 1/3 0/18 0/23 0/7
B 7/196 8/209 7/217 10/326 16/258
C 76/139 51/93 33/71 33/86 31/96
Y 1/72 1/71 0/49 0/53 0/42

W-135 0/3 0/9 0/10 0/34 4/65
Total 85/414 61/385 40/365 43/522 51/468

(20.5) (15.8) ( i i ) (82) (10.9)

aNumber of resistant isolates/total number of isolates (% resistant).

The currently recommended dosages of rifampin are: 
1) adults—600 mg every 12 hours for 4 doses, 2) children 1 
month to 12 years* old—10 mg/kg body weight every 12 
hours for 4 doses, and 3) children less than 1 month old— 
5 mg/kg body weight every 12 hours for 4 doses. Because 
50% of secondary cases occur within the first 4-5 days after 
the index case is diagnosed and the patient is hospitalized, 
this chemoprophylactic regimen should be used for house
hold contacts as soon as possible. In particular, treatment 
should not be delayed awaiting results of throat culturing. 
In addition to chemoprophylaxis, the use of serogroup A or 
C vaccine should be considered for household contacts of 
persons with sporadic cases caused by either of these 
organisms.

//
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Mumps
Mumps was first described in the 5th century B.C. by 

Hippocrates, who described the clinical manifestations of 4 
epidemic parotid swelling. However, it was not until the 
early 20th century that central nervous system (CNS) in
volvement was first recognized as a complication of mumps.

The clinical manifestations of mumps usually consist of 
unilateral or bilateral parotid swelling and mild-to-moderate 
fever; about 30% of infected persons have no symptoms. 
Epididymo-orchitis is the most common manifestation of 
mumps infection other than parotitis for postpubertal 
males. It usually occurs after the parotitis, but about 5% 
of the time it may precede the parotitis or occur alone. Al
though mumps epididymo-orchitis is not a reportable dis
ease, studies have indicated that it affects 20%-30% of post
pubertal males who have clinical mumps. Most cases are 
unilateral, but some are bilateral.^Sterility rarely follows 
because testicular tissue usually does not atrophy complete
ly. An important residual complication of mumps is deaf
ness, which may occur with or without meningitis or en
cephalitis. The incidence is estimated to be 1 case per
15,000 cases of mumps. Mumps infection may involve 
other organs such as the heart, kidney, liver, pancreas, and 
thyroid gland. It rarely causes severe illness and is rarely 
fatal, i.e., between 1 and 3.4 deaths per 10,000 reported 
cases.

Mumps virus was isolated in 1945 by Habel and Enders, 
and 20 years later an attenuated live-virus vaccine was

developed by Hilleman and co-workers. The live-virus 
vaccine, licensed in December 1967, has been shown to be 
effective in conferring long-lasting immunity to mumps.

Epidemiology
Mumps was placed on the list of nationally reportable 

diseases in the United States in 1922 but was removed in 
1950. Many states continued reporting the disease volun
tarily, and mumps was again placed on the list on January 
1,1968.

In the period 1922-1971, the national annual incidence 
of reported mumps cases showed no discernible cyclic 
pattern; however, since 1971 there has been a continuous 
decline (Figure 1). In 1978 (final total of 16,817 cases of 
mumps), the incidence reached the lowest point in the 
history of mumps surveillance. The seasonal pattern of 
mumps cases, with a peak incidence in the winter and 
spring, has remained unchanged (Figure 2).

Mumps remains predominantly a disease of young 
children. By age 15, approximately 60% of all U.S. children 
have a history of mumps infection. Over the past decade 
the incidence in 3 selected areas-California, Massachusetts, 
and New York City-has been highest for the 5- to 9-year- 
old group, which has more than 50% of all reported cases, 
followed by the incidences for the 0 4 , 10-14, and 15+ age 
groups (Table 1). As the mumps vaccine began to be more 
widely used, reported mumps incidence in these same 3
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locations declined dramatically for all age groups. The most 
marked decrease (68.6%) has been for 5- to 9-year-old chil
dren. Age data from at least 32 reporting areas in the United 
States indicate that mumps continues to be a disease pri
marily of elementary school children (Table 2). Childrep 
10-14 years of age now have a higher incidence than in pre
vaccine years and have the second highest incidence for any 
age group. These changes in the age-specific epidemiology 
of mumps undoubtedly reflect current vaccination practices 
and ' are similar to changes observed with measles and 
rubella.

Aseptic meningitis and encephalitis, or more pjoperly 
“meningo-encephalitis,” are the only complications of 
mumps officially reported to the Center for Disease Control. 
The continuing decrease in the number of ibfnpps cases is 
paralleled by the reported number of l?pth of these rhumps- 
associated central nervous system (CNS),, Complications. 
(Figure 3). The overall incidence of QN§ involvement is 
approximately 3.5 cases per 1,000 cases -of"mumps re
ported. This figure may not reflect .the |(ue  incidence’ 
because of underreporting and the arbit^ry* distinction^
between aseptic meningitis and encephalitis, |The, seasonal

t f » *t  9 J
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Table 2, Percentage distribution of reported mumps cases and incidence 
ra te ,a by age group, United States, 1977-1978

Age Group 
Years

_____________ 1222___________ ___________ 1228__________

Percentage
Change

1977-1978___
No. % Rate No. % Rate % Rate

<5 1,041 15.1 21.2 774 12.5 13.8 -17 .2 -34.9
5 -9 3,318 48.1 60.1 3,092 50.1 49.1 + 4.2 -18.3
10-14 1,709 24.8 27.7 1,526 24.9 21.8 + 0.4 -21.3

15-19 510 7.4 7.5 400 6.5 5.2 -12 .2 -30.7
20+ 319 4.6 0.7 381 6.2 0.7 +34.8 0.0

Total with
Known Age 6,897 32.2 - 6,173 36.7 - - -

Unknown
Age 14,539 67.8 - 10,644 63.3 - - -

TOTAL 21,436 100.0 9.9 16,817 100.0 7.8 - -21 .2

incidence =* cases per 100,000 population (1977 census) extrapolated from the age distribution of -  
persons with documented cases from 32 (£977) and 33 (1978) reporting areas,

Figure 3. Reported cases of mumps, mumps aseptic meningitis, and 
mumps-associated deaths by year, United States, 1960-1979*

*1979 provisional data.
**Mumps encephalitis data through 1977,

Mumps deaths data through 1977,
Mumps aseptic meningitis data through 1977,

pattern of mumps-associated meningo-encephalitis is similar 
to that of uncomplicated mumps.

Although uncomplicated mumps affects males and fe
males with equal frequency, 3 times more males than fe
males are reported toJiave mumps meningo-encephalitis. 
Furthermore, older persons are more likely to be affected 
than young children. For example, reports for the period 
1973-1975 show that although only 10.5% of all patients 
with mumps were over 15 years eld, 15.4% of those who 
had encephalitis and 22.1% of those who had aseptic men
ingitis were in that age group (Figure 4).

Prophylaxis
The mumps virus was isolated in 1945, and formalin- 

inactivated (killed) virus vaccines were developed in 1948.

Although these vaccines stimulated antibody development 
and protected against clinical illness, immunity waned in 
less than a year, making frequent boosters necessary. The 
first live-attenuated mumps virus vaccine, reported from 
Russia in 1958, also failed to provide lasting immunity. In 
1963, the Jeryl Lynn strain of mumps was isolated from 
the buccal mucosa of a person with an uncomplicated case 
of mumps and was attenuated in chick-embryo cell culture. 
After extensive clinical testing, this live-attenuated mumps
Figure 4. Mumps,* mumps-associated encephalitis,** and aseptic 

meningitis** by age group, United States, 1973-1975

0 - 4  5 -9  1 0 -1 4  15+
601

Age in Years
Mumps Aseptic Meningitis Cases

Age in Years
• 'California, Illinois (except Chicago), Massachusetts, New York 
City, Texas, and Virginia.
••Using U.S. totals.

24 Immunization Against Disease



vaccine was licensed in December 1967. From 1968 
through 1978, over 40 million doses of this mumps vaccine 
were distributed in the United States.

The Jeryl Lynn vaccine elicits an antibody response in 
over 90% of recipients and in 1 study was 95%-97% ef
fective in providing protection after exposure to wild virus. 
The subclinical infection induced by this vaccine is non- 
communicable. Mumps vaccine has been combined success
fully with live-attenuated measles and rubella virus vaccines 
in antigen preparations that provide comparable protection.

Neutralizing antibody titers after vaccination are lower 
than those induced by naturally acquired mumps; however, 
vaccine-induced antibody levels decline more slowly than 
those induced by natural infection, a phenomenon that 
may reflect antibody boosts associated with subclinical 
reinfection of vaccinees. Finally, both neutralizing antibody 
and protection against clinical mumps have been shown to 
persist for at least 8 years after vaccination.

Vaccination
Mumps vaccination can practically be included in 

routine vaccination programs. Major public health programs 
to control mumps through vaccination can substantially 
decrease the number of mumps cases (Figure S) and reduce 
costs associated with this infection. The Immunization 
Practices Advisory Committee and the American Academy 
of Pediatrics recommend vaccinating all children older than 
12 months. In particular, vaccination for mumps should be 
considered for all children approaching puberty and for 
adolescents and adults, especially males, who have not had 
mumps.

Limited experimental, clinical, and epidemiologic data 
are consistent with the hypothesis that pancreatic damage 
may result from gradual auto-immune response to pan
creatic tissue injured by early, direct invasion by the virus; 
however, further research is indicated to determine whether

Figure 5. Reported cases of mumps and cumulative doses of mumps 
vaccine* administered, Massachusetts, 1968-1976

mumps infection contributes to the pathogenesis of 
diabetes mellitus for certain individuals. Even if such an 
association exists, it would seem prudent to prevent mumps 
infection by giving the mumps vaccine.

Since specific tests for establishing susceptibility are mis
leading (hemagglutination inhibition and complement fix
ation tests), expensive and not generally available (neutrali
zation and radial hemolysis tests and enzyme-linked im
munosorbent assay), or unreliable (mumps skin test), any 
individual suspected on clinical grounds of being sus
ceptible should be given the vaccine. There is no contra
indication to receiving mumps vaccine antigen more than 
once or after having had naturally acquired mumps in
fection. Finally, although mumps vaccine given after ex
posure may not provide protection, there is no contra
indication to its use, and if the exposure does not result in 
infection, the vaccine should induce protection against any 
later exposures.
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Pertussis (Whooping Cough)
The clinical aspects of whooping cough were first des

cribed in 1576, but not until 1906 was the disease related 
to infection with the bacillus Bordetella pertussis.

We now know that whooping cough can be caused by at 
least 3 different Bordetella species. Over 95% of cases 
studied in the United States are caused by infection with
B. pertussis, and the others are caused by B. parapertussis 
and B. bronchiseptica. Some have suggested that adenovirus 
can cause whooping cough, although the issue is disputed. 
In any case, unless B. pertussis is isolated in cultures, the 
diagnosis of pertussis (i.e., whooping cough caused by B. 
pertussis) is uncertain.

It has been known since the early 1950s that isolates of 
B. pertussis can be grouped according to the degree to 
which they agglutinate with specifically absorbed serum. 
Differences among strains can be detected by the presence 
or absence of various combinations of 7 agglutinins. How
ever, while the agglutinin patterns are of some epidemio
logic significance, they do not apparently play an important 
role in conferring immunity.

B. pertussis is transmitted primarily by droplets from a 
person with clinical illness; asymptomatic carriers have not 
been shown to transmit the disease. The incubation period 
is 5-21 days, although most cases occur within 10 days 
after exposure. Pertussis is highly communicable, with 
susceptible family members having the highest secondary 
attack rates-80% to 90%. The patient with pertussis is 
most likely to transmit infection during the first week of 
the disease, because the number of organisms shed wanes as 
the paroxysmal stage subsides.

After B. pertussis was isolated in 1906, many attempts 
were made to produce a vaccine from various field strains; 
however, results were variable, suggesting that the vaccines 
were not uniform in potency. In 1949, minimum require
ments for B. pertussis vaccines were established for the 
United States on the basis of the concentration of killed 
bacteria in the vaccine and on results of a mouse potency 
test. In 1953, these requirements were modified, and 12 
units were specified as the total human dose (THD) for 
primary vaccination of children. Calculations for some 
early trials showed that a THD of 12-15 units was 86%-91% 
effective in preventing disease for family contacts, whereas 
a THD of 7 units was only 29% effective. Pertussis vaccines 
usually contain 1 of 3 aluminum adsorbents. Although there 
are not enough data to evaluate the adsorbents’ relative 
merits, it is known that the potency .of an adsorbed product 
is greater and the toxicity less than those of unadsorbed 
(fluid) vaccines.

Vaccines are effective in reducing both morbidity and 
mortality from pertussis; however, gradual loss of vaccine- 
induced immunity has been documented for persons in all 
age groups, regardless of the age at which they received the

primary series or the number of doses they were given.
The national incidence of pertussis was relatively stable 

from 1922, when nationwide reporting was instituted, until 
the 1940s, when pertussis vaccines were introduced 
(Figure 1). However, the mortality and case-fatality ratios 
fell in the early 1900s before the vaccine was widely used. 
Since pertussis vaccine was introduced, these rates have 
continued to fall, and the incidence has decreased as well. 
Giving erythromycin to susceptible infants in contact with 
persons with pertussis has been recommended, but no 
scientifically reliable studies Support the antibiotic’s effi
cacy in this context.

Figure 1. Pertussis, United States, 1922-1978
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Pertussis is widespread in the United States, but the re
ported incidence varies considerably from state to state. 
This variation undoubtedly reflects differences in actual 
occurrence as well as in recognizing and reporting the 
disease. Pertussis is underreported because of difficulties 
both in the clinical diagnosis for some age groups and in 
laboratory documentation. Wider use of diagnostic techni
ques including examining nasopharyngeal swabs with direct 
fluorescence and examining cultures made from swabs and 
grown on Bordet-Gengou medium supplemented with 
methicillin would permit more precise application of 
control techniques.

Most of those who die from pertussis are infants 
(Figure 2). In a 12-year period, 1960-1971, 72% (508 of

704) of all reported pertussis deaths were of children in 
their first year of life, with most being 2- arid 3-month 
olds. In contrast, only 3.4% (24 of 704) of the persons 
who died from pertussis were at least 5 years old. The fact 
that most patients who die are infants emphasizes the 
need for early vaccination.

In the last few years, outbreaks of pertussis involving 
vaccinated hospital staff members have been recognized. 
Consideration has been given to revaccinating hospital 
workers to prevent nosocomial infection of patients, but 
the frequency with which adults have local and systemic 
reactions indicates that they should not generally be given 
the vaccine.

Figure 2. Pertussis (whooping cough) -reported cases and deaths by year, United States, 1950-1977
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Plague
At least 3 plague pandemics have been recorded, the 

most infamous being the “Black Death” that decimated 
Europe in the Middle Ages. The causative agent, Yersinia 
pestis, was first described in Hong Kong by Yersin and 
Kitasato in 1894. The first human reported to have plague 
in the continental United States was a crew member aboard 
a ship that docked in San Francisco in June 1899. Between 
1900 and 1924, the disease spread, and outbreaks of urban, 
rat-associated human plague occurred in San Francisco, 
Oakland, Los Angeles, New Orleans, and other coastal 
cities. Since 1925, however, almost all the human plague 
cases reported in the United States have been sporadic and 
associated with infected wild mammals or their fleas, i.e., 
so-called sylvatic plague. Plague associated with wild ro
dents has been documented in a wide area encompassing 
much of the western United States, with natually acquired 
human cases reported from Arizona, California, Colorado, 
Hawaii, Idaho, Nevada, New Mexico, Oregon, and Utah.

Enzootic plague and associated human infections have 
also occurred in many other areas of the world. In the past 
decade, human plague has been reported in Africa (Angola, 
Equatorial Guinea, Lesotho, Libya, Mozambique, Madagas
car, South-West Africa, Zimbabwe-Rhodesia, South Africa, 
Tanzania, and Zaire), South America (Bolivia, Brazil, 
Ecuador, and Peru), and Asia (Burma, Kampuchea, 
Indonesia, Nepal, and Vietnam). Enzootic plague, however, 
is probably more extensive than this list of countries 
suggests.

Most human cases result from the bites of fleas that have 
fed on plague-infected animals or, less commonly, from 
contact with the tissue of infected animals. It is not un
usual, however, for patients to have no recollection of flea 
bites or animal contact before becoming ill. Person-to- 
person spread may also occur through droplet transmission 
from patients with either primary, pneumonic plague or 
plague pneumonia, a complication of bubonic or septicemic 
plague.

Of the 3 forms of plague, bubonic is the most common, 
accounting for over 85% of all cases reported in the United 
States in the past 25 years. Such cases are characterized by 
fever and painful lymphadenopathy. The inguinal, femoral, 
axillary, cervical, and epitrochlear nodes are most common
ly involved, with 10%-15% of patients having enlarged 
nodes at several sites. Primary septicemic plague accounts 
for about 10% o f cases and is characterized by fever and 
primary bacteremia without detectable lymphadenitis. Both 
of these forms of the disease may be complicated by 
pneumonia or meningitis. Patients who have pneumonia 
as a result of their primary infection are of particular 
concern because they may be a source of epidemic primary 
pneumonic plague.

Between 1925 and 1964, an average of 1 case of plague 
per year occurred in the United States (Figure 1). Since 
1965, an increase in the annual average to 9 reported 
cases per year has been largely unexplained. In addition 
to this change, the geographic distribution of cases has 
shifted. Whereas 77% of the wild rodent-associated human 
plague cases reported in the United States from 1925-1950 
occurred in California and Oregon, 81% of cases since 1950 
have been acquired in New Mexico, Arizona, Colorado, and 
Utah. The seasonal distribution of plague has remained 
relatively constant, with 82% of patients having onset 
between May and September.

More than half of the persons who had plague in the 
period 1950-1979 were less than 20 years old. Males ac
counted for 61% of cases between 1960 and 1974, but since 
1975,57%(45/79)of the persons with confirmed cases have 
been females. Most patients have been white, although race- 
specific attack rates are significantly higher for Native 
Americans living in states with' endemic plague. For the 
period 1925-1964, the case-fatality ratio was’ 52%, but it 
has since dropped to 14%,

When human plague cases are associated with an 
epizootic among wild mammals, control measures may in-

Figure 1. Plague-reported human cases and deaths by age group, 
United States, 1950-1978
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elude 1) identifying the animal species involved, 2) deter
mining the geographic extent of the epizootic, 3) using 
insecticides to control the flea population in the area, 
4) reducing rodent harborage, and 5) selectively reducing, 
if appropriate, rodent populations. Although flea-bbrne 
bubonic plague usually affects only 1 person in a house
hold, prophylactic antibiotics have occasionally been pre
scribed for other household members. Close contacts of 
patients with suspected or proven secondary plague 
pneumonia or primary pneumonic plague should receive 
prophylactic therapy (a tetracycline or sulfonamide).

The drugs of choice for treating patients with plague in
clude streptomycin, chloramphenicol, and tetracycline. Al
though sulfonamides can be used for treating patients with, 
uncomplicated bubonic plague, they should not be used for 
patients with pneumonic or septicemic plague. If a patient 
has suspected or confirmed plague meningitis, chloram
phenicol may be the drug of choice.

An inactivated whole-cell plague vaccine is currently 
licensed for use in the United States. Mild reactions includ
ing pain, erythema, and swelling at the injection site are 
common. Localized or generalized urticarial reactions and 
sterile abscesses have rarely been observed. Although the 
efficacy of current plague vaccines has not been precisely 
determined, inactivated vaccine used by the American 
armed forces in Vietnam appears to have been effective in 
preventing clinical plague.

The low incidence of plague in the United States, even 
among residents of areas where plague is enzootic, makes 
vaccination against plague for this population impractical 
and unnecessary. However, ^selective vaccination is 
recommended for persons traveling to Vietnam, Kampuchea, 
or Laos. In addition, persons whose vocations bring them 
into frequent Contact with wild rodents in areas where 
plague is enzootic and laboratory personnel who work with 
Y. pestis or plague-infected animals should be vaccinated.

>
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Pneumococcal Disease

The pneumococcus (Streptpcoccus pneumoniae) is the 
most common cause of bacterial pneumonia and a frequent 
cause of otitis media and meningitis. Nearly all pneumo
coccal disease seen in the United States in recent decades 
has been endemic, although epidemics may occur among 
such institutionalized groups as soldiers and prisoners. The 
average incidence of pneumococcal meningitis in the United 
States is l.S  to 2.5 cases per 100,000 population per year. 
The highest rates are for infants 6-8 months of age and for 
the elderly. There is no precise information available on the 
incidence of penumococcal pneumonia in the United 
States, but it has been estimated that several hundred thou
sand cases occur each year. Host factors strongly affect the 
risk of acquiring pneumococcal disease. Persons whose 
spleens are malfunctioning (e.g., those with sickle cell dis
ease) or have been surgically removed are at high risk, as are 
those with cirrhosis, multiple myeloma, agammaglob
ulinemia, nephrotic syndrome, alcoholism, or congestive 
heart failure. Viral respiratory infections frequently precede 
pneumococcal pneumonia.

Before 1977, strains of pneumococci isolated from 
patients were consistently sensitive to penicillin, which is 
generally the drug of choice for patients who are not 
allergic. In 1977, pneumococcal strains resistant to a 
concentration of 4 pg of penicillin/ml of diluent were 
found in South Africa and in Minnesota. Many of the 
strains from South Africa were also resistant to most other
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antibiotics used in clinical practice. Surveillance of anti
biotic sensitivity o.f pneumococci since 1977 has not shown 
widespread penicillin resistance of pneumococci outside 
South Africa, but continued surveillance will be of as
sistance in selecting alternative drugs if these organisms 
are found elsewhere.

Pneumococci have polysaccharide capsules, and more 
than 80 antigenically distinct capsular types have been 
identified. Fourteen of the types cause about 80% of the 
serious pneumonic disease in the United States Before 
sulfonamides were introduced, type-specific antisera were 
used to treat persons with pneumococcal disease. Now 
strains are typed for epidemiologic studies and vaccine 
evaluation.

Vaccines against pneumococcal disease were first tested 
in about 1910. Purified capsular polysaccharide vaccines 
were shown during World War II to protect army troops; 
a vaccine similar to the one now in use was licensed briefly 
after the war but was not widely used because of the 
availability of penicillin. Additional testing in the last 10 
years shows that polyvalent pneumococcal vaccines are 
immunogenic for persons over 2 years old. In 1977, a 14- 
valent pneumococcal vaccine was licensed. It is given as a 
single injection and contains 50 pg each of capsular poly
saccharides of American types 1, 2, 3, 4, 6, 8, 9, 12, 14, 
1 9 ,23 ,25 ,51 , and 56.
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Poliomyelitis
Poliomyelitis (formerly known as infantile paralysis) was 

recognized as a distinct entity with wide geographic distri
bution in the 19th century, although "paralytic illness 
among infants had1 been known and described earlier. Small 
outbreaks were reported * in both Europe and North 
America in the mid-19th century, but it was not until the 
latter part o f  that Century and the early part of ihe 20th 
century that the serious epidemic potential of poliomye
litis became .manifest. On the-basis of studies of several 
epidemics, poliomyelitis was characterized as1 an infectious 
disease, spread via human contact, with both paralytic and 
nonparalytic expression. In 1909, Landsteiner discovered 
that poliomyelitis was caused by a'virus. However, only 
after 40 years of increasingly intensive research were the 3 
serotypes o f poliovirus identified and prbpagated in tissue 
culture. The foundation Was thusdaid for the development 
of inactivated poliomyelitis vaccine (IPV), introduced for 
general use in 1955, and live-attenuated oral poliovirus 
vaccine (OPV), licensed in 1961.

Widespread .use of the effective vaccines has resulted in 
virtually complete control of poliomyelitis in the United 
States. A ftef the large field trials of IPV in 1954, mass use 
led to a dramatic reduction in the number of reported 
paralytic cases from 13,850 in 1955 to 988 in 1961. When 
OPV became available, the incidence decreased further as 
a larger proportion of the population became immune. The 
number of paralytic cases decreased from 988 in 1961 to 
9 cases in 1978 (Figure 1).

Over the years, the epidemiologic characteristics of 
poliomyelitis have changed, first with improye'd hygiene, 
among other factors, and later with the general availability 
of effective prophylaxis. From an endemic pattern of high 
incidence of infection with low, attack rates of paralytic 
illness for infants and young children, the incidence of 
paralytic poliomyelitis shifted upward for all age groups 
during the years .of crippling epidemics. Now with the 
general availability of effective vaccines, poliomyelitis 
occurs only; sporadically, usually affecting unvaccinated 
persons or those who have not had a complete vaccine 
series?. However, 3 outbreaks caused by wild poliovirus 
strains occurred in-this country in 1970, 1972, and 1979, 
the last 2 among populations that specifically refuse vac
cination. Most sporadic cases in the past 10 years'have 
been associated with exposure to OPV either by vaccine 
recipients or their close contacts.

In addition to improved epidemiologic and biologic 
understanding of poliomyelitis, reporting practices have 
also changed. Before 1951, paralytic poliomyelitis was not 
differentiated from nonparalytic poliomyelitis (aseptic 
meningitis Caused by poliovirus) in national reporting. The 
cases were thought to be equally divided between the 2 
classifications. We now know that many of the nonparalytic 
cases, formerly attributed to poliovirus infection on epide
miologic grounds, Were probably caused by echoviruses and 
Coxsackie virus. These agents may also cause paralytic 
illness occasionally, although the paralysis tends to be

Figure 1. Poliomyelitis (paralytic)-reported case rates by year, United States, 1951-1979
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transient and less severe. Thus, one of the epidemiologic 
criteria for paralytic poliomyelitis is the presence of re
sidual paralysis or paresis at least 60 days after onset of 
illness. In fact, only paralytic poliomyelitis is included in 
current official poliomyelitis case counts. Nonparalytic 
poliomyelitis is also reported, but because of the in
completeness of recognition and reporting, it is discussed 
separately.

Causative Agent
The poliovirus is a ribonucleic acid (RNA) picornavirus 

and belongs to the enterovirus group along with Coxsackie 
virus and echoviruses. The 3 antigenically distinct poliovirus 
types (1, 2, and 3) may cross-react serologically to  some 
extent; thus infection with a given type may provide some, 
cross-protection against paralytic disease from ■ infection 
with another type. Surveillance data from the past several 
years suggest that poliovirus type 1 isolates from patients 
with suspected paralytic poliomyelitis and from their 
contacts are more likely to be wild strains and that polio
virus type 2 or 3 isolates are more likely to be vaccine 
strains.

Clinical Description
The incubation period for poliomyelitis is commonly 

6-20 days, with a range of from 3 to perhaps 35 days. The 
virus is introduced either through fecal-oral contamination 
or respiratory secretions. It multiplies first in the 
oropharynx and subsequently in the gut. Viremia probably 
accompanies most forms of the illness, including abortive 
and possibly inapparent forms (see below). In rare cases 
(1/50 to 1/1,000), the virus causes paralysis, entering the 
central nervous system (CNS) perhaps through the medulla 
oblongata or directly into the anterior horn cell area of the 
spinal cord.

Intestinal infection with the poliovirus or many other 
enteroviruses may lead to a wide spectrum of clinical mani
festations. Infection with any of the 3 poliovirus types will 
assume 1 of 4 forms:

1. Inapparent infection (90%-95%): Virus may be re
covered from the throat and/or stool, but the patient 
remains asymptomatic.

2. “Minor illness” (4%-8%): Also.known as abortive 
illness. Three syndromes observed with this'form o f polio
virus infection include a) upper respiratory tract infection, 
b) gastroenteritis, and c) influenza-like illness.

3. Nonparalytic poliomyelitis (l%-2%): May occur as a 
prodromal illness like the “minor illness” described above, 
•followed by invasion of the CNS and by clinical aseptic 
meningitis.

4. Paralytic poliomyelitis (0.1%-2%): Consists usually of 
prodromal illness (“minor illness” described above), men
ingeal irritation, with eventual asymmetric flaccid paralysis 
or paresis resulting from involvement of spinal or bulbar 
centers. Early in the course of spinal paralytic polio
myelitis, the older patient may complain of pain or

cramping in the limbs. This discomfort is followed by onset 
o f weakness within about 48 hours.

5. Bulbar paralysis may involve any combination of 
cranial nerves and brain-stem respiratory centers. Paralytic 
poliomyelitis is divided into 3 types: a) spinal, b)bulbar, 
and c) bulbospinal. Polio-encephalitis, another severe man
ifestation o f poliovirus infection, may be accompanied by 
paralysis. Children may have bulbar paralysis without limb 
involvement, whereas adults with bulbar involvement gener
ally also have limb paralysis. The probability that infection 
with poliovirus will lead to paralysis is increased by certain 
factors: a) more advanced age, b) triple seronegativity 
(absence of antibodies to all 3 poliovirus types), c) preg
nancy, d) tonsillectomy, e) recent vaccinations, f) trauma, 
g) fatigue, and possibly h) the level of exposure.

Older patients and infants under 1 year of age generally 
have the most severe paralysis. Tonsillectomy may pre
dispose persons to have paralysis of the affected limb(s). 
Physical exertion following the onset of CNS signs or 
symptoms may increase the severity of CNS involvement.

Poliovirus has been isolated from the stool as early as 
19 days before onset of illness and as late as 3 months after 
onset. The mean duration o f virus excretion cited in the 
literature is approximately 5 weeks after the onset of 
illness. The mean duration of excretion after QPV vacci
nation may also be about 5 weeks, beginning 2 days after 
vaccination. Figure 2 is a schematic diagram of the clinical 
and subclinical forms of poliovirus infection correlated with 
the times at which virus can be isolated from various 
anatomic sites and with the times of development of serum 
antibodies. Figures 3 and 4 illustrate the clinical course of 
both childhood and adult forms of acute poliomyelitis.

Treatment for poliomyelitis is essentially supportive. For 
nonparalytic disease, treatment is directed toward sympto
matic relief of meningitis. Bed rest is encouraged.

Figure 2. Schema of clinical and subclinical poliomyelitis, corre
lated with virus isolation by site and with antibody production
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Figure 3. Clinical course o f “childhood-type" acute poliom yelitis

Figure 4. Clinical course of “adult-type” acute poliomyelitis
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Treatment for paralytic poliomyelitis involves using all 
measures to save the life of the patient threatened by in
volvement of vital areas. Once the acute illness is over, 
weak muscles should be maintained in as good condition as 
possible, i.e., through physical' therapy or bracing. Partic
ular attention should be paid to emotional as well as social, 
economic, occupational, and physical rehabilitation con
siderations. Early in the course of the illness, a patient 
should avoid any physical exertion or chilling, as these may 
be predisposing factors to'more severe CNS involvement.

Epidemiology
Since the beginning of the vaccine era, industrialized 

nations have for the most part effectively controlled polio
myelitis by using IPV or OPV. However, wherever pockets 
of susceptible persons remain, there is the potential for wild 
poliovirus transmission and hence for outbreaks of clinical 
poliomyelitis. This was demonstrated in 1978 in the 
Netherlands and in 1979 in the United States, when wild 
type 1 poliovirus circulated among members of religious 
groups that generally refuse vaccination.

In countries where poliomyelitis remains endemic, over 
90% of cases affect children under 4-5 years of age. How
ever, in industrialized areas, such as the United States, 
larger proportions of the few cases that continue to occur 
affect Older children and young adults. This pattern pro
bably reflects the slowing of the circulation of wild virus or 
its absehce in the community as a result of the fact that a 
large proportion of the residents have been vaccinated or 
are otherwise immune as well as the fact that adults tend to 
have more severe illness than do children. The poliomyelitis 
attack rate for children is slightly higher for males, whereas 
for adults it is slightly higher for females.

The question of the correlation between poliovirusanti- 
body titers and protectibn against infection or paralytic 
disease is often raised. Anyone with detectable neutrali
zation antibodies should be considered immune to that 
specific poliovirus type. Many without detectable antibody 
are also immune, as can be demonstrated by a secondary- 
type IgG response upon rechallenge.

U.S. surveillance. Between 1969 and 1979 (through 
December 1), 186 cases of paralytic poliomyelitis were 
reported to the Center for Disease Control (CDC). Despite 
the small number of recent cases, a larger proportion 
-73  cases (39%)-were ^classified as vaccine-associated 
between 1969 and 1979 than in the previous comparable 
period. When data for the 43 cases occurring during the 
poliomyelitis epidemics of 1970, 1972, and 1979 are 
eliminated from calculations, 51% of these cases were as
sociated with OPV. Vaccine-associated cases accounted for 
21%-80% of the numbers reported each year of the 8 years 
in which no poliomyelitis outbreak occurred. Most vaccine- 
associated cases (68%) affected household contacts (53%) 
or nonhousehold contacts (15%) of vaccinees. The other 
32% with vaccine-associated cases were OPV recipients.
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An additional 11 cases affected immunodeficient 
persons vaccinated with OPV; data for these cases are in
cluded in the immune-deficient rather than the vaccine-as
sociated category. There has been no recent documented 
cluster of vaccine-associated cases, either by vaccine lot or 
by transmission from a given patient.

The, reported cases of paralytic poliomyelitis are class
ified epidemiologically into several categories:

I. Epidemic
A. No OPV 4-30 days before onset
B. OPV received 4-30 days before onset

II. Endemic
A. Endemic, not vaccine-associated
B. Recipient, vaccine-associated (OPV received 4-30 

days before onset)
C. Contact, vaccine-associated (vaccinee received 

OPV 4-60 days before onset; contact within 30 
days before onset)
1. Household (vaccinee and patient regularly share 

same home for sleeping)
2. Community or nonhousehold

III. Imported (ppliovirus infection acquired outside the
United States)
A. U.S.'resident
B. Not U.S. resident

IV. Immune deficient
The total number of-paralytic cases reported between 

1969 and December 1, 1979, is shpwn by age group and 
epidemiologic classification in Table 1. Of the 186 persons 
affected, 125 (67%) had not been vaccinated against polio
myelitis (excludes implicated dose for persons with 
recipient, valine-associated cases), 55 (30%) had not had a 
complete vaccine series, 2 (1%) had had tlfe complete series 
of 3 dpses of trivalent OPV, and vaccination history was 
unknown for 4 (2%).

Laboratory Evaluation
Infection with poliovirus is confirmed by laboratory iso

lation of the virus or a 4-fold rise in antibody titer. How
ever, a case of paralytic poliomyelitis is defined as a clini
cally compatible illness and 60-day residual paralysis, with 
or without laboratory confirmation. This is particularly 
relevant to recipient, vaccine-associated cases, for which 
poliovirus isolation and antibody titer rise would be ex
pected regardless of whether there is clinical illness.

Poliovirus is isolated most readily from the stool and can 
also be isolated early in the illness from the pharynx. 
Rarely, it can be isolated froip tha cerebrospinal fluid; the 
isolation of poliovirus from a CNS specimen is the strongest 
laboratory evidence that the clinical illness is indeed caused 
by poliovirus.

It is often .important to characterize the poliovirus 
isolated as wild or vaccine-like. This is particularly im
portant if the possibility of epidemic spread exists; to date, 
no documented epidemic has been attributed to vaccine-
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Table 1. Age distribution of persons with poliomyelitis, 
by epidemiologic classification, 1969-1979a

No. Cases (Class-Specific %)

9 Age in Years
Epidemiologic Classification <1-4 5-14 >15 Total

I. Epidemic 26(60) 6(14) 11(26) 43
11. Endemic

A. Not Vaccine-Associated 18(46) 5(13) 16(41) 39
B. Recipient, Vaccine-Associated 21(91) 1(4). ,1(4) 23
C. Contact, Vaccine-Associated 7(14) 1(2) 42(84) 50

111.Imported 10(50) 1(5) 9(45) 20
IV. Immunodeficient 10(91) 0 ■1(9) 11

Total 92 14 80 186
(Percentage of All Cases) (49) (8) (43) (4)

Provisional data through December 1.

associated virus strains. .The 4 tests currently used at CDC 
for strain characterization are a) temperature marker (ret), 
b) Wecker test (degree of virus breakthrough in the 
presence of specific anti-Sabin antiserum), c) van Wezel 
method (neutralization of test virus in the presence of 
cross-absorbed antisera to wild and Sabin strains), and d) 
oligonucleotide analysis (electrophoretic pattern of radio- 
labeled oligonucleotides of test virus).

Vaccines
Two poliorqyelitis vaccines are available in the United 

States, IPV and OPV. When given as directed, both induce 
high titers for at least 95% of the vaccinees. The current 
vaccine of choice for routine use in this country is tri- 
valent OPV, which has been available since 1963.

The OPV now being used is a trivalent oral vaccine. 
Three properly spaced doses should confer lifelong 
immunity, but a 1-time booster dose may be reccom- 
mended for adults who are at high risk of exposure to 
poliovirus. OPV vaccine provides not only sero-immunity to 
all 3 poliovirus types but intestinal immunity that protects 
the recipient from paralytic disease and in most cases 
prevents poliovirus carriage. OPV is a very safe and effective 
vaccine. Adverse reactions include the rare occurrence of 
paralytic poliomyelitis caused by OPV vaccination or 
contact with an OPV vaccinee. This reaction has been noted 
with about 1 of every 11 million doses of OPV distributed 
for recipient cases and with about 1 of every 5 million 
doses distributed for contact, vaccine-associated cases.

IPV is a killed-virus vaccine that was used extensively 
between 1955 and the early 1960’s but has been largely 
replaced by OPV in the United States. IPV is recommended 
as the vaccine of choice in this country only for immuno- 
deficient persons (or their household contacts*) and for pre
viously unvaccinated adults. A full series consists of 4 
doses, -3 given 1 month apart and the 4th given 6 months 
after the 3rd. Booster doses are recommended every 5 
years, but the need for them has not been well established. 1 
Adverse reactions to IPV include the small chance of hyper
sensitive reactions resulting from trace amounts of 
neomycin and streptomycin in the vaccine. A complete

series of IPV provides excellent sero-immunity for at least 
95% of persons vaccinated.

Vaccination Status
Two kinds of information indicative of the vaccination 

status of the U.S. population are available. One is the 
number of doses of poliovirus vaccine distributed each year 
in the,United States. These data, as summarized for 1962- 
1978 in Table 2, represent the maximum possible utilization 
level rather than the actual number of doses given. More 
importantly, these data indicate trends in vaccination 
practice. The second source of information is the annual 
U.S. Immunization Survey.

After 1963, the rate at which IPV was distributed 
declined steadily to the low 1968 level of 2.7 million doses. 
Trivalent OPV was introduced in 1963, and the monovalent 
OPVs (types 1 ,2 , and 3) were no longer used by 1971. It 
should be noted, of course, that the raw data on doses 
are not adjusted for the number of doses in each category 
required for a primary vaccination series. Trivalent OPV is 
not the only oral vaccine in usf. Essentially no IPV was 
used in the United States between 1969 and 1976. However, 
with the changes in recommendations of the Immunization 
Practices Advisory Committee (ACIP), in 1977 and again in 
1979, which state that IPV should be used for vaccination 
of immunodeficient individuals and their families as well 
as for primary vaccination of adults, the demand and avail
ability of IPV have increased. This trend is expected to 
continue. The overall decrease in the total number of 
doses of vaccine distributed each year since 1964 reflects a 
shift in emphasis from mass vaccination campaigns and 
community-wide programs to routine vaccination^f infants. 
When OPV was introduced in the 1960s, adult recipient's of 
the vaccine were found to be at increased risk of having 
paralytic poliomyelitis, and in 1965 routine vaccination of 
adults with OPV was discontinued.

The U.S. Immunization Survey is designed to estimate 
the immunization status of the population through a 
sample survey of the history of types and doses of vaccine 
received. Although this questionnaire method is not as 
accurate as surveillance involving serologic tests, it has
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t Table 2. Poliomyelitis vaccine distribution, net doses (millions) l^y year, United States, 1962-1978

Vaccine 1962a 1963 1964 1965 1966 1967 1968 4969 1970 1971 1972 1973 1974 1975 1976 1977 1978
IPVb 15.3 19.0 8.8 7.5 5.5 ' 4.0 2.7 -

OPVc
M OPV-l 33.1 38.7 24.9 4.7 1.4 1.3 0.5 (0.4 0.3 0.2 - - — - _ _ _

MOPV-2 37.0 34.2 29.8 3.4 1.3 0.9 0.5 0.4 0.2 0.1 - - - - — — —

MOPV-3 13.7 54,2, 2Q.4 3.7 1.4 1.0 0.6 0.4 0.3 0.2 - - - - - - -

TOPV® - 4.2f 24.0 17.4 24.0 18.0 23.9 22.5 25.8 25.5 24.7 24.9 25.2 24.2 19.5 23.2 24.6

Total 99.1 150.3 115.9 36.7 33.6 25.2' 28.2 23.7 26.6 25.9 24.7 24.9 25.2 24.2 19.5 23.2 24.6

July-December (Biologies Surveillance Program began July 1962).' 
° Inactivated poliovirus vaccine.
® Live-attenuated oraLpoliovirus vaccine. 
d Monovalent oral poliovirus vaccine (types 1, 2, and 3).
® Trivalent oral poliovirus vaccine. 
i Production began in mid-1962.

proven useful in assessing the proportion of the population 
estimated to be immune to poliovirus infection.

Because 3 doses of trivalent OPV are considered a full 
primary series and because this is the vaccine used for most 
infants and children, percentages based on 3 or more doses 
of OPV serve as a satisfactory index of substantial pro
tection, especially for schoolchildren. It is noteworthy that 
in 1978 only 61.4% in the 1- to 4-year-old group were 
thought to have'substantial immunity. Of this age group, 
7.9% had never been vaccinated, and the other 30.7% had 
not had a complete vaccine series. By the end of the 
National Childhood Immunization Initiative on September 
30, 1979, over 90% of all school-age children had had a 
complete vaccine series.

Data for the 6- to 14-year olds who had received no 
poliovirus vaccine as of 1978 are presented in Table 3. 
Although percentages are small, they reflect the marked 
differences in the vaccination status of various segments of 
society, e.g., children in selected poverty and non-poverty 
areasJ A similar gap is noted between vaccination status of 
whites and members of other races in the United States in 
general as well as in inner-city areas. There is a marked 
difference in the status of preschool versus school-age 
children that can be attributed mainly to vaccinations given 
when children are to  enter school.

Immunization programs, especially the recent National 
Childhood Immunization Initiative, have gone far toward 
complete control of poliomyelitis in the United States. 
Nevertheless, even in a primarily immune population the 
potential for epidemic poliomyelitis exists wherever 
pockets of susceptible persons remain. The 1972 and 1979 
outbreaks, both among religious sects that generally refuse 
vaccinations, illustrate this point. Continued importation of 
wild poliovirus strains from countries other than the United 
States that have ongoing epidemic and endemic polio
myelitis is reflected both by the occurrence of known im
ported cases and by the isolation of wild poliovirus from 
persons with cases classified as endemic, not vaccine-

associated. The situation emphasizes the continued need to 
assure that a high proportion of persons in the United 
States are immune.

The U.S. surveillance data illustrate the changing picture

Table 3. Percentage of children 0-14 years of age with a history of 
>3  or of no doses of oral poliovirus vaccine, by race, SMSA,a 

United States Immunization Survey, 1978

Components and 
Geographic Divisions >3 Doses OPV No OPV

United States Total 65.2 7.5
Race White 68.6 6.3

All Other Races 48.7 13.0
Poverty
Status: Poverty 58.4** 9.9

Nonpoverty 67.0 6.8

Non SMSA 66.5 7.3
Poverty
Status: Poverty 62.3 8.7

Nonpoverty 68.8 6.5

Total SMSA Components 64.5 7.6

Total SMS AS Central Cities 60.1 9.1
Race: White 65.6 6.9

All Other Races 49.1 13.6
Poverty
Status: Poverty 50.9 12.4

Nonpoverty 62.9 8.1
Remaining Areas in SMSA 67.4 6.6

Poverty * 57.3 10.0
Nonpoverty 68.1 6.3

Geographic Divisions 
New England 69.0 4.7
Middle Atlantic 66.6 6.9
East North Central 64.3 7.7
West North Central 67.4 7.8
South Atlantic 60.5 8.7
East South Central 65.3 6.3
West South Central 65.2 7.9
Mountain 71.3 6.6
Pacific 64.9 8.1

aStandard Metropolitan Statistical Area.
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o f  poliom yelitis in  th is coun try . In  th e  prevaccine days, the 
overwhelming m ajo rity  o f  people w ho had  poliom yelitis 
were preschool-age children. W ith th e  present w idespread 
use o f  the live-attenuated poliovirus vaccine (OPV ), m ost 
cases are vaccine-associated and affect susceptible adult 
contacts o f  recently  vaccinated children.
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Rabies
Rabies, one of the oldest diseases known to society, 

is caused by a rhabdovirus. It is a bullet-shaped ribonucleic- 
acid (RNA) virus, 50 nm by 165 nm, and is readily in
activated by heat, light, and ultraviolet light. All warm
blooded animals are susceptible, but only certain species, 
primarily carnivores and bats, are usually important in the 
epidemiology of rabies. Rabies is usually transmitted by 
a bite of a rabid animal. After the virus enters an animal, it 
spreads through the peripheral nerves to the central nervous 
system. There, it replicates, causes encephalitis that is 
usually fatal, and spreads to the periphery again through 
the nerves. A common site of peripheral infection is the 
salivary gland, and virus shed from an infected salivary 
gland can be transmitted to a person or another animal by 
a bite.

Democritus in the 5th century B.C. described the clini
cal picture of nonhuman rabies, and Celsus in A.D. 100 
made the association between the bite of a rabid animal and 
human rabies. The first rabies in the United States was 
reported from the east coast in the 1750s, and by 1899 the 
disease had spread to California.

Animal Rabies
Until relatively recently, domestic animals accounted 

for most of the reported cases of rabies in the United 
States. In 1953, for example, domestic animals (primarily 
dogs and cats) accounted for 83% of reported cases of 
rabies, whereas wild animals accounted for only 17% 
(Figure 1). However, domestic animal vaccination and 
animal control programs implemented in 1946 gradually 
changed this situation. In 1960, reported cases of rabies 
among wild animals exceeded reported cases among 
domestic animals for the first time, and by 1978, only 14%

of cases affected domestic animals and 86% affected wild 
animals. This shift resulted from a marked decrease in the 
incidence of canine and feline rabies-^from 6,226 cases in 
1953 to only 192 in 1978. .Numbers of reports of rabies 
affecting wild animals rose from 1,479 in 1953 to 2,749 in 
1978-possibly because of more effective surveillance.

In 1978, the most common reports of rabies among 
domestic animals were for dogs (25.2%), cats (19.4%), and 
cattle (45.0%). In 1978, 98.8% of the 2,749 cases of rabies 
among wild animals affected skunks (59.4%), bats (19.4%), 
raccoons (14.8%), and foxes (5.2%).

, Although rabies has been reported from all states except 
Hawaii, the primary animal species involved varies from 
state* to state. For example, skunks are the principal species 
in the central and midwestem states, Texas, and California; 
raccoons predominate in Georgia, Florida, and parts of 
South Carolina and Alabama; rabid bats are reported 
throughout the country. Rodents and lagomorphs rarely 
have naturally acquired rabies. The extent of the rabies 
problem also varies from state to state, with Georgia, 
Minnesota, Oklahoma, Texas, and California each reporting 
over 200 rabid animals, and Delaware, Hawaii, Rhode 
Island, and Vermont each reporting fewer than 5 cases in 
1977. Some regions within states have been free of 
terrestrial rabies for many years (Figure 2).

Human Rabies
Infection and diagnosis. The incidence of human rabies 

in the United States has declined markedly, from 33 cases in 
1946 to between 1 and 5 cases per year since 1960 (Figure 
3). This marked decrease in the number of human cases 
reflects the much lower incidence of rabies for cats and

Figure 1. Cases of rabies reported for wild and domestic animals by year, United States, 1953-1978
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dogs. However, despite this fact, dog and cat bites still 
lead to approximately one-third of the estimated 30,000 
postexposure rabies treatments given in the United States 
each year. Of the 173 persons who had rabies in the period 
1946-1979 and whose source of exposure was known, f33 
(77.3%) were bitten by dogs, 27 (15.7%) were bitten by 
wild animals, 10 (5.8%) were bitten by cats, 2 (1.2%) were 
infected through laboratory accideiits, and 1 (0.6%) waS in
fected by a transplanted cornea (Table 1). As human rabies 
becomes rarer in the United States, unusual exposures 
such as laboratory accidents arid the corneal transplant 
incident, unknown sources of infection, and cases un

suspected until postmortem examination have received 
relatively more attention. In 1978 and 1979, the sources of 
4 of 9 cases of human rabies could not be determined even 
after careful questioning of family members, friends, and 
fellow workers; 3 o f the 9 cases were not even suspected 
until postmortem examination. These cases point up the 
difficulty of diagnosing rabies when no history bf an ex
posure is obtained and the classic symptoms of rabies are 
not present. Rabies should be suspected when any patient 
has severe progressive encephalitis or atypical Guillain- 
Barre' syndrome. Rabies can sometimes be diagnosed if 
fluorescent antibody (FA) tests of corneal impressions of

Figure 2. Counties reporting animal rabies, 1977
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neck-skin biopsy specimens are done soon after the patient 
has clinical symptoms, The disease can also usually be diag
nosed by the end of the second week of illness by testing 
serum or cerebrospinal fluid (CSF) for antibodies, and 
sometimes the virus can be isolated in saliva, respiratory 
secretions, CSF, and other specimens. If the patient dies, 
rabies is usually diagnosed on the basis of virus isolation or 
the results of FA testing of brain specimens, although the 
disease can also be diagnosed by identifying Negri bodies 
with light microscopy and rhabdovirus with electron 
microscopy.

Only 2 persons are known to have survived documented 
rabies infections in the United States. In 1970, a 6-year-old 
boy had clinical rabies 20 days after having been bitten by a 
proven rabid bat and then receiving 15 doses of duck 
embryo vaccine (DEV) without any antirabies serum or 
globulin. With intensive supportive care, the boy survived 
the acute illness in  about 3 months and completely re
covered his intellectual and motor functions. The second 
case affected a 32-year-old laboratory worker who pre
sumably inhaled live rabies virus in the laboratory in April 
1977. He had been vaccinated before being exposed and 
had had a rabies antibody titer of 32 as recently as Nov- 

t ember 1976. Although intensive supportive care enabled 
him to survive the acute illness, he apparently suffered 
substantial permanent neurologic damage.

Prophylaxis. Persons who have a rabies exposure that 
warrants postexposure prophylaxis should have the wound 
thoroughly cleansed with soap and water as soon as possible 
after the exposure and should "be given human rabies im
mune globulin (HRIG) and rabies vaccine. HRIG (or anti

rabies serum if HRIG is not available) should be given £t 
once at the beginning of therapy. Up to half the dose of 
HRIG should be injected at the site of the wound, and the 
rest should be given intramuscularly. The vaccine series 
should be started as soon as possible after the exposure. 
The vaccine of choice contains the human diploid cell 
strain (HDCV). The World Health Organization recom
mends that 6 doses of HDCV (1 each on days 0, 3, 7, 14, 
30, and 90) be given intramuscularly. The Center for 
Disease Control is evaluating a 5-dose regimen that omits 
the 90-day dose.

If HDCV is not available, DEV can be given in a series of 
21 doses (once a day for 21 days or twice a day for 7 days 
and then once a day for another 7 days plus 2 booster doses 
10 and 20 days after the last dose of the primary series). 
Serum obtained when the last dose of HDCV or DEV is 
given should be tested for rabies antibody.

HDCV and DEV are safe enough to allow persons at sub
stantial risk of rabies exposure to have preexposure 
vaccination. High-risk groups include veterinarians, animal 
handlers, certain laboratory workers, and persons-es- 
pecially children-who live in or visit countries where rabies 
is a constant threat. If HDCV is available, 3 doses should be 
given intramuscularly (1 each on days 0, 7, and 21 or 28). 
If DEV is used, 2 doses should be given subcutaneously 
(1 each on days 0 and 30), followed by a third dose 6 to 7 
months later, or 3 doses should be given subcutaneously 
(1 each on days 0, 7, and 14), followed by a fourth dose 3 
months after the third. In every instance, serum should be 
tested for rabies antibody 2-3 weeks after the last dose of 
vaccine is given.

Table 1. Human rabies cases, by 4-year period and source of exposure, United States, 1946-1979

Source of Exposure3
No, Cases with Domestic Animals Wild Animals

Year
Total
Cases

Reported Exposure 
Source Dog a t

% of
Total Fox Skunk Bat

Bob-
Cat

% of 
Total

1946-1949 94 48 43 5 100 0 0 0 0 0
1950-1953 81 54 47 2 91 3 1 1 0 9
1954-1957 37 * 29 23 1 83 1 3 1 0 17
1958-1961 18 15 7 1 53 3 1 3 0 47
1962-1965 5 5 0 60 0 1 1 0 40
1966-1969 - 5 4 2? 0 50 0 1 0 1 50
1970-1973 8 8C ■ 2f 0 29 0 2 3d 0 71
1974-1979 
(6 yrs)

15 10e 6f 1 70 0 0 1 0 10

Total 263 173 133 10 83 7 9 10 1 16

a Confirmed or most’ probable source.
^ Exposure not in Continental United States. 
c Includes 1 laboratory exposure. 
d One person recovered.
e Includes 1 laboratory and 1 corneal transplant exposure, 
f  Includes 5 exposures not in the Continental United States.
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Rh Hemolytic Disease
Prevention of Rh hemolytic disease of the newborn is 

among the recent major advances of preventive medicine. In 
1932, 4 perinatal diseases (late fetal death with erythro
blastosis, hydrops fetalis, icterus gravis neonatorum, and 
congenital anemia of the newborn) were recognized as 
manifestations of the same pathologic process-erythro
blastosis fetalis or hemolytic disease of the newborn. The 
pathogenesis of the disease was determined 9 years later; 
over the next 25 years, improvements in diagnosis, the use 
o f amniocentesis, and treatment with intrauterine trans
fusions and exchange transfusions significantly reduced 
mortality caused by hemolytic disease. Prevention of the 
disease became possible in 1968 when Rh immune globulin 
(official name, Rh [D] Immune Globulin [Human]) was 
licensed for use in the United States. This Rh immune 
globulin (RhIG), used appropriately, can reduce the in
cidence of Rh hemolytic disease among neonates to a very 
low level.

The Disease Process
The pathogenesis of the disease involves 2 sequential 

events and usually 2 separate pregnancies. The first event 
is sensitization of the Rh-negative woman to Rh antigen, 
and the second is maternal production of anti-Rh anti
body. Maternal sensitization occurs when an adequate 
volume of fetal Rh-positive red blood cells passes into the 
maternal circulation. Low-volume transplacental fetal- 
maternal bleeding occurs throughout pregnancy but is not 
usually sufficient to cause maternal sensitization. How
ever, about 1% of Rh-negative primigravidas with Rh- 
positive infants have dectectable anti-Rh antibodies at 
delivery, probably because of the earlier transplacental 
bleeding (/). A more common cause of maternal sensitiza
tion is the relatively extensive fetal-maternal bleeding 
associated with spontaneous and induced abortions, ec
topic pregnancies, amniocentesis, and delivery. (Sensiti
zation can also be caused by transfusing Rh-positive blood 
into an Rh-negative recipient, but this rarely happens in 
the United States.) Not all Rh-negative women exposed to 
Rh-positive blood will become sensitized, although we can
not yet predict which women will be sensitized. Maternal 
sensitization is permanent.

The second event, which occurs sometime during a later 
Rh-incompatible pregnancy, is accelerated production of 
anti-Rh antibody by the mother. During the incompatible 
pregnancy, newly formed maternal antibodies cross the 
placenta, enter the fetal circulation, and destroy the Rh- 
positive red blood cells of the fetus. The clinical severity of 
Rh hemolytic disease is related to the amount of fetal red 
blood cell destruction. A small amount of destruction may 
only cause jaundice or mild anemia, whereas a large amount 
will lead to the stillbirth of a severely hydropic infant.

Clinical manifestations of hemolytic disease are most severe 
in Rh-incompatible, ABO-compatible pregnancies. Hemo
lytic disease becomes increasingly severe with each 
succeeding Rh-incompatible pregnancy.

Treatment
With the understanding of this sequence of events, in

vestigators developed the concept of preventing maternal 
Rh sensitization by suppressing women’s initial immune 
response. Giving women at risk of sensitization an injection 
of RhIG within 72 hours after abortion, amniocentesis, 
ectopic pregnancy, or delivery usually prevents maternal 
sensitization. Those at risk of Rh sensitization are un
sensitized, Rh-negative or Du-negative women with Rh- 
positive fetuses. Since the Rh status of in utero and aborted 
fetuses is unknown, they are assumed to be Rh positive, 
and therefore RhIG should be given to the Rh-negative, un
sensitized mother after abortion or amniocentesis-except 
when the father is known to be Rh negative. (Since all 
offsprings will be Rh negative, RhIG is not required.) With 
random mating of individuals of the same race, 9.2% of the 
pregnancies o f whites, 4.5% of those of blacks, and 0.9% 
of those of Native Americans and Asian Americans would 
be Rh incompatible (2).

The exact mechanism by which RhIG prevents maternal 
sensitization is not known, although a number of clinical 
trials have repeatedly documented its pfficacy (7). In only 
about 1% of cases is RhIG reported not to prevent maternal 
sensitization.

Morbidity and mortality attributable to Rh hemolytic 
disease declined significantly in the 1970s. In the United 
States, after a rapid drop between 1970 and 1974, in
cidence continued to decline more slowly. In 1977, the 
national rate was estimated as 16.3 cases per 10,000 births, 
compared with the estimated rate of 40.7 cases per 10,000 
births in 1970 (3). Although much of the decline can be 
attributed to the use of RhIG, trends toward smaller 
family size and the fact that the women who were sensiti
zed before RhIG was available are leaving the childbearing 
age range have also helped reduce incidence.

Recommendations
Rh immune globulin should be given to all unsensitized 

Rh-negative women at risk of sensitization from contact 
with Rh-positive blood as a result of abortion, amniocent
esis, ectopic pregnancy, or delivery. Potential recipients of 
RhIG are 1) women who are Rh negative and Da negative, 
2) those who have no circulating anti-Rh antibodies (i.e., 
are unsensitized), 3) those whose infants are confirmed as 
being Rh positive or Du positive by typing, and 4) those 
whose mates are of unknown Rh status or are Rh positive
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and who have an abortion, ectopic pregnancy, or amnio
centesis.

Delivery: The most common cause of Rh sensitizatior. 
is the birth of an Rh-positive infant to an Rh-negative 
woman. Not all experts agree on the amount of the recom
mended postpartum dose. However, a dose of 300/xg usu
ally provides adequate protection. If a large fetal-maternal 
exchange is suspected, the volume should ‘be measured, - 
ant the dose o f RhIG adjusted to reflect that volume. For 
each ml of fetal red blood cells in maternal circulation, 20 
Mg of RhIG should be given within 12 hours postpartum. 
An adequate dose of RhIG must be giveft after each Rh- 
positive child is bom.

Prenatal Care. Routinely, when prenatal care begins, 
women should be blood and Rh typed and screened for 
antibody. For all Rh-negative women, screening should be 
repeated when they are 26-28 weeks pregnant and again at 
delivery. Repeated screening is necessary to'detect antibody 
that may appear later in pregnancy. Presence of antibody 
indicates the need for special obstetric management. ^

Abortion: RhIG should be given to unsensitized, Rh- 
negative women within 72 hours after a spontaneous or 
induced abortion. Generally, a dose of 50 Mg is sufficient to 
prevent sensitization after an abortion in the first trimester. 
However, if extensive fet^l-maternal bleeding is suspected, 
or if the abortion occurs in the second trimester, the 
Kleihauer test should be performed to detect,fetal red 
blood cells in the maternal circulation. For each ml of fetal 
red blood cells, 20 Mg of RhIG should be given (i).

Ectopic pregnancy. All unsensitized, Rh-negative women 
should receive a protective dose of RhIG, as determined by 
the Kleihauer test, within 72 hours after the termination of 
an ectopic pregnancy. For each ml of fetal red blood ceHs, 
in the maternal circulation, 20 Mg of RhIG should be given.

Amniocentesis. Fetal-maternal bleeding can occur after 
amniocentesis done in the second or third trimester. How-
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ever, data on the risk of sensitization after amniocentesis 
are not available. .Unsensitized, Rh-negative womep ‘should 
be given a prophylactic dose of 300 Mg of RhIG within 72 
hours after amniocentesis. If RhIG is given in the second 
trimester, another 300-Mg dose should be given at 28 weeks 

 ̂ of pregnancy to maintain protective levels of RhIG through 
th^ third trimester. If the infant is Rh positive, RhIG must 
also be giveapostpartum.

Antepartum hemorrhage. The risk of sensitization after 
a spontaneous or traumatic antepartum hemorrhage has not 
been established. To avoid potential sensitization, RhIG.is 
recommended if fetal red blood cells are found in the 
maternal circulation. The dose of RhIG .should be calcu
lated on the basis of the volume of fetal red blood cells in 
maternal circulation, allowing 20 Mg of RhIG for every ml 
of fetal blood cells. The doses should be given as soon as 
possible, within 72 hours after the hemorrhage.

Transfusion error. Rarely, Rh-negative individuals may 
receive a transfusion of Rh-positive blood. To prevent 
sensitization, especially for the premenopausal woman, 
RhIG should be given within 72 hours after the transfusion. 
For each ml of Rh-positive whole blood transfused, 20 Mg 
of RhIG is recommended. The dose of RhIG can be divided 
into multiple injections to be given at 12-hour intervals if 
the entire dose Js given within 1% hours after the trans
fusion.
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Rocky Mountain Spotted Fever
Only 5 rickettsial diseases are known to occur in th e1 

United States at present: Rocky Mountain spotted fever, 
Brill’s disease, murine typhus, Q fever, and rickettsialpox. 
Of these, only Rocky Mountain spotted fever is associated 
with substantial morbidity and mortality; it accounts for 
over 90% of the reported cases of human rickettsial dis
ease irf the United States. It was first recognized as a 
clinical entity in 1895, and the causative organism, 
Rickettsia rickettsii, was isolated in 1911 by Howard 
Taylor Ricketts.

i

Epidemiology
National surveillance data on Rocky Mountain spotted 

fever have been collected since 1920. The number of re
ported cases climbed steadily until the late 1940s and then 
declined sharply. This decline was attributed to the in
troduction of broad-spectrum antibiotics and the attendant 
decrease in the number of complications and mortality as
sociated with this disease. However, in 1960 the number of 
cases reported each year began rising, and peaked at 1,153 
in 1977. In 1978, the number of reported cases fell slightly 
to 1,063, and in 1979, reports of 1,035 cases were received. 
The distribution of reported cases for 1978 is shown in 
Figure 1. The overall increase largely reflects cases reported

from the Southeast. In 1979, 595 cases (58%) were re
ported from the South Atlantic states of Delaware, Mary
land, Virginia, West Virginia, North Garolina, South 
Carolina, Georgia, and Florida and from the District of 
Columbia. The Rocky Mountain states of Montana, Idaho, 
Wyoming, Colorado, New Mexico, Arizona, Utah, and 
Nevada, which gave the disease its name, reported only 17 
cases, or 2% of all reports.

The incidence of cases of Rocky Mountain spotted 
fever reported in the United States per 100,000 population 
for the 3 decades 1950-1978 is shown in Figure 2. The 
pattern of rising incidence demonstrates that Rocky 
Mountain spotted fever is an unsolved public health 
problem, particularly in the East. The trend has been attrib
uted to a continuing move to the suburbs, which leads to 
larger numbers of people living, working, and vacationing in 
areas where ticks are fpund.

Since 1970, the Center for Disease Control has 
collected epidemiologic data on individual cases of Rocky 
Mountain spotted fever. Most victims are children 2 to 14 
years old, and 85% of cases occur between April and 
October. The most common symptoms are fever, malaise, 
macular rash, headache, and myalgia. In 1976, the overall 
case-fatality ratio was 4.9% but for patients over 40 years 
old, it was 14.9%. Over half the patients were reported to

Figure 1. Rocky Mountain spotted fever—reported cases by county, United States, 1978
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Figure 2. Reported cases of Rocky Mountain spotted fever, United
States, 1950-1978

have tick, bites or attached ticks and were reported to have 
been exposed tp tick-infested woods or to dogs with ticks.

Vaccines
The first Rocky Mountain spotted fever vaccine, 

prepared from phenol-inactivated, homogenized, infected

ticks, was extensively Used in the Rocky Mountain region 
from 1927 to 1945. The vaccine appeared to reduce the 
severity of the disease but did not clearly reduce its in
cidence. In 1941, a vaccine containing Rickettsia grown in 
chick eggs was developed. This vaccine protected guinea pigs 
to some degree from Rocky Mountain spotted fever. Us 
efficacy for humans remained controversial, and because it 
failed to meet standards established by the Bureau of 
Biologies of the Food and Drug Administration, it is no 
longer available. A vaccine currently being developed to re
place the older vaccines contains Rickettsia grown in' cell 
cultures and has greater immunogenicity for humans.

The low incidence of Rocky Mountain spotted fever 
makes prophylactic use of a vaccine against it impractical 
for the population at large; however, the new vaccihe can 
be given to laboratory personnel working with Rocky 
Mountain spotted fever orgariisni^ and to individuals con
tinuously exposed to areas heavily infested with ticks. 
Regardless of whether vaccine is used, protective clothing 
and conscientious removal of ticks are important in pre
venting this disease. Because serologic test results do not 
confirm the presence of Rocky Mountain spotted fever in 
the first week o f illness, treatment with appropriate anti
biotics (tetracycline or chloramphenicol) should be started- 
promptly when a case history or clinical findings suggest 
Rocky Mountain spotted fever.
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Rubella (German Measles)

Rubella was. first recognized as a distinct clinical entity 
in the early 1800s in Germany. It was regarded merely as 
a disease of children and young'adults until 1941 when 
Gr,egg noted, the association between rubella infection in 
early pregnancy and certain congenital defects, parti
cularly cataracts and heart disease. His observations clearly 
established the public health significance of rubella and 
heightened interest in the disease. In 1962,2 groups—Park- 
man, Beuscher, and Artenstein, and Weller and Neva- 
isolated the causative virus, thereby paving the way for 
developing a vaccine.

In 1964, a rubella pandemic swept the United States 
with dramatic results—an estimated 20,000-50,000 babies 
had congenital rubella syndrome (CRS), and excess fetal 
and neonatal deaths were in the thousands. Congenital 
heart disease, cataracts, and deafness were the predominant 
defects of affected infants. Several other abnormalities 
frequently observed included a thrombocytopenic purpura, 
long bone radiolucencies, hemolytic anemia, hepatitis, and 
jaundice. In addition, the ability of infants with CRS to 
shed virus for several months after birth was confirmed.

In 1966, rubella virus was attenuated by Parkman and 
Meyer. After extensive field trials, 3 live-attenuated virus 
vaccines were licensed in June 1969. Since then, approxi
mately 100 million doses have been distributed in the 
United States. In February 1969, the strain of vaccine 
virus produced in human diploid cells was made available in 
the United States. Rubella vaccines have been shown to 
stimulate antibody production in at least 90% of vaccinees 
and to be 90%-95% protective. Although vaccine-induced 
neutralizing antibody titers are lower than those induced 
by naturally acquired rubella, they have been shown to 
persist for at least 9 years after vaccination. Most im
portantly, vaccine-induced immunity protects against 
viremia and transplacental passage.

Postnatal rubella is generally a mild disease, character
ized by a 1- to 3-day rash, low-grade fever, and lympha- 
denopathy, especially postauricular and suboccipital. 
Transient arthralgia and arthritis frequently affect adult 
females and sometimes affect jadult males and children. 
Up to 50% o f  all infections may be irtapparent. Rare com
putations o f rubella include postinfectious encephalitis and 
thrombocytopenic purpura. The incubation period for 
rubella is 14-21 days, usually 18 days. Infected persons can 
transmit the infection usually from 3-4 days before onset 
of rash to about 1 week after rash ajppeafs.

Current Trends
Rubella did not become a nationally reportable disease 

until 1966; however, many areas have maintained rubella 
surveillance for decades and have reported cases voluntarily 
to the Center for Disease Control (CDC). Since these data 
vary markedly in accuracy and completeness, they must be 
interpreted cautipusly. Nevertheless, they depict trends of 
rubella in the United States.

The reported incidence of rubella from 1928 through 
1978 in 10 selected areas is shown in Figure 1. The annual 
incidence of rubella has varied considerably. Major 
epidemics occurred in 1935,1943, and 1964, and incidence 
was high in 1952 and 1958. On the basis of these data, a 
major epidemic was expected to occur in the early 1970s. 
It never materialized, however, probably because of the 
widesprea4 vaccination of children, the primary trans
mitters of infection.

The number of reported rubella cases in the 'United 
States dropped dramatically with widespread use of the 
rubella vatcine to an all-time low of 11,917 cases in 1974 
(Figure 2). Although the incidence of reported rubella has 
fluctuated’ in recent years, the- 18,269xcases reported in 
1978 represent a 10.4% decrease from the 20,395 cases

Figure 1. Rubella incidence in 10 selected areas,* United States, 1928-1978
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Figure 2. Rubella cases by year of report, United States, 1966-1979*

*1980 annual incidence rate for rubella was extrapolated from the 
number of cases for the first 30 weeks of 1980.

reported in 1975 but a 63.3% increase over the 12,491 
cases reported in 1976.

Reported rubella has a seasonal pattern, with the 
number of cases rising in early winter, peaking in spring, 
and falling to a low point in late summer and autumn 
(Figure 3).

When the vaccine was licensed, serologic and epidemio
logic data indicated that elementary school children were 
the primary reservoir for the rubella virus and were largely 
responsible for disseminating the virus in the community. 
Thus, rubella vaccination programs, in the United States 
were directed at children ages 1 year to puberty, with the 
highest priority group being those in early grades of ele
mentary school Secondary emphasis was placed on vaccin
ating susceptible postpubertal females. Since rubella vaccine 
began being used widely fqr young children, reported 
rubella incidence for this age group has declined markedly, 
and a greater prdportion of cases have affected adolescents 
and young adults (Figure 4, Table 1). Outbreaks among 
high school and college students, military recruits, and 
certain employees (especially those in hospitals) have 
assumed increasing importance. Because of this trend, to 
gether with the fact that about 15% of all adults are still 
susceptible to rubella, vaccination for susceptible post-

Figute 3. Rubella cases by week of report, United States, 1972-1978
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Figure 4. Average number of reported rubella cases in Massachu
setts, New York City, and Illinois by age group, selected 
periods, 1966*1977
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pubertal females should be more strongly emphasized. 
Although women known to be pregnant should not be 
vaccinated, the theoretical risk of damage to the fetus from 
the vaccine virus should not interfere with an effective 
vaccination program for women of childbearing age. In re

ports to CDC on more than 80 children born to susceptible 
women who either had been inadvertently vaccinated 
during pregnancy or had conceived within 3 months after 
being vaccinated, there was no evidence of a congenital 
defect caused by the vaccine virus. In view of the impor
tance of protecting women of childbearing age against 
rubella, asking females if they are pregnant, excluding those 
who are, and explaining the theoretical risks to the others 
are reasonable precautions in a rubella vaccination program. 
Serologic testing of potential vaccines in the childbearing 
age group can be done when practical to determine whether 
they are susceptible to rubella.

The incidence of CRS is the most valid measure of the
*

success or failure of our national rubella immunization 
strategy. Accordingly, in 1969 CDC established the 
National Registry for CRS, to which detailed reports of 
cases, are submitted. Reports are processed through state 
health departments, whose methods of disease surveillance 
vary widely. The .registry data are not necessarily complete 
but may reflect national trends. The reported numbers of 
CRS cases have paralleled reported rubella activity fairly 
closely since 1970 (Figure 2). The other source of data on 
CRB is the Birth Defects Monitoring Program (BDMP), 
which obtains information on about one-third of all the 
births in the United States. Although the BDMP has shown 
a decrease in the incidence of CRS, there has not been a 
consistent trend.

Table 1. Percentage distribution of reported rubella cases and incidence,8 United States, 1975-1978

Percentage
Change

1975 1976 1977 1978 1975-1978

Age (Years) # % Incidence # % Incidence # % Incidence # % Incidence % Rate

>1-4 ’ 1,016 12.2 12.2 684 10.2 8.3 941 .7.8 10.4 786 7.6 9.0 37.7 -29 .7
5-9 •938 11.3 10.9 629 9.4 6.8 1,012 8.4 ’10.0 619 6.0 6.5 46.9 -  40.4

10-14 1,209 14.6 11.9 651 9.8 6.2 1,610 13.3 14.2 1,051 10.2 10.0 30.1 -1 6 .0
15-19 3,836 46.2 36.fr 2,927 43.8 25.9 5,867 48.6 47.0 4,543 44.1 38.3 4.5 +,4.1
20-24 900 10.8 9.5 1,128 16.9 10.9 1,950 16.1 16.6 2,540 24.7 22.3 + 128.7 +134.7
25-29 182 2.2 2.2 344 5.2 3.6 346 2.9 4.0 363 3.5 3.6 + 59.1 + 63.6
30+ 223 2.7 0.4 315 4.7 0.6 352 2.9 0.6 394 3.8 0.6 + 40.7 +50.0

Total with
Known Age 8,304 49.9 - 6,678 53.4 - 12,078 59.2 - 10,296 56.4 - -  -

Unknown
Age 8,348 50.1 _ 5,813 46.6 — 8,317 40.8 - 7,973 43.6 — -  _

TOTAL 16,652 100.0 7.8 12,491 100.0 5.8 20,395 100.0 9.4 18,269 100.0 8.4 -  -  10.6

incidence -  cases per 100,000 population extrapolated from the age distribution of persons with documented cases from 40 (1975) 
to 47 (1978) reporting areas.

/
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Smallpox
Vaccinia virus was the first agent to be used widely for 

human vaccination. Jenner’s term “variola vaccinae” (small
pox of the cow) was the basis of the term “vaccination.” 
In 1800, 2 years after Jenner published his initial report, 
Waterhouse introduced vaccination into the United States 
and fought to establish it as a routine public health pro- . 
cedure. He was supported in his efforts by Dr. Oliver 
Wendell Holmes and President Thomas Jefferson.

U.S. Smallpox Patterns
Smallpox was rampant in the early history of this 

country and decimated both the Indian tribes and the early 
settlers. Throughout the 1880s, variola major, with its high 
mortality rate, apparently coexisted with variola minor in 
many parts of the United States. At the turn of the 20th 
century, however, the death-to-case ratio reported for 
smallpox was low, which suggests that most of the cases 
were then caused by variola minor.

The incidence of smallpox declined markedly in the 
United States in the 1930s. The reasons for this are not 
completely clear. Routine vaccination may not have been 
solely responsible, for surveys showed that 60% of the 
residents of rural areas and more than 25% of the residents 
of selected urban areas with over 100,000 population had 
not been vaccinated. Anecdotal evidence suggests that in
tensive isolation procedures followed by local health 
authorities may have contributed substantially to the 
decline.

Small numbers of smallpox cases were officially reported 
in the late 1940s and early 1950s, but none of the cases 
reported after 1949 fulfilled the usual clinical criteria for 
smallpox, and no laboratory confirmation was obtained. 
The last documented cases in the United States occurred 
in outbreaks in Seattle in 1946, New York in 1947, and 
the lower Rio Grande Valley in 1949. All of these out
breaks were traced to importation. Both the Seattle and 
New York outbreaks, as well as the last European outbreaks, 
point up the special risks associated with the hospital as 
a focal point for smallpox transmission.

Worldwide Smallpox Eradication
The global smallpox eradication program began in 1967, 

when the disease was endemic in 6 countries in Asia, 3 in 
South America, and many in sub-Saharan Africa. Results 
have been dramatic (Figures 14). West and Central Africa 
became smallpox free in 1970, the Western Hemisphere in 
1971, and Asia in 1975. The last known case of naturally 
acquired smallpox was reported from Somalia on October 
26,1977. A quickly contained outbreak of 2 cases occurred 
in England in 1978 as the result of a laboratory accident.

Smallpox was eradicated through intensive national and 
international efforts at outbreak detection, isolation of

cases, and containment measures-chiefly the vaccination of 
contacts. These tactics reflect a departure from the tradi
tional concept of establishing herd immunity through mass 
vaccination.

The World Health Organization certified that each region 
that had had endemic smallpox was free of the disease after 
carefully examining available records and doing intensive 
field searches to document the lack of current cases.

Current Vaccination Policy
In September 1971, the U.S. Public Health Service re

commended that the policy of routine nonselective small
pox vaccination be changed to one of selective vaccination 
of individuals at special risk o f acquiring smallpox.

Vaccination of children or other persons including 
hospital and health personnel is not recommended. Vac
cination is indicated only for persons who are likely to 
come in contact with variola virus in a high-security labora
tory and for travelers to countries that continue to require 
vaccination as a condition for entry.

Travelers to other countries should be aware of the vac
cination requirements of each country to be visited. Most 
countries that require vaccination will exempt children 
under 1 year of age and persons with medical conditions 
that contraindicate smallpox vaccination. Such travelers 
should possess a written waiver from a physician indicating 
that smallpox vaccination is contraindicated for health 
reasons. Since the World Health Organization initially 
recommended that smallpox vaccination not be required 
for international travel, only a few nations in Asia and 
Africa have continued to enforce this regulation.

Figure 1. Reported cases of smallpox, worldwide, 1967-1978
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Figure 2. Areas with endemic smallpox, worldwide, 1966

Sources WHO

Figure 3. Areas with endemic smallpox, worldwide, 1971
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Figure 4. Areas with endemic smallpox, worldwide, 1977
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Tetanus

Although tetanus was recognized as a clinical entity by 
Hippocrates, its etiology was not fully understood until the 
late 19th century, when Nicolaier produced the disease ex
perimentally in animals, Kitasato isolated Clostridium 
tetani in pure culture, and von Behring and Kitasato 
isolated tetanus toxin and produced tetanus antitoxin.

Experiences in World War I confirmed the value o f pro
phylactic passive immunization with animal antitoxin. In 
1925, Ramon introduced formalin-treated tetanus toxin as 
a toxoid for active immunization. During World War II, with 
routine toxoid use, the incidence o f tetanus for American 
troops was only about 3% of-that seen during World War I. 
In World War II, only 8 American military personnel with 
unequivocal histories o f a complete vaccination series had 
documented tetanus. Japanese forces, who were not given 
tetanus toxoid, had a tetanus incidence in World War II 
comparable with that for American soldiers in World War I.

Since 1945, tetanus toxoid has been prescribed routinely 
for people of all ages. It is commonly available separately 
or in 2 combinations. Combined with diphtheria toxoid and 
pertussis vaccine (pTP), it is given to children <6  years old. 
It and diphtheria toxoid diluted to 15%-20% of normal (Td) 
are given in combination to older children and adults as both 
primary and booster vaccinations. Tetanus toxoid alone (T) 
is recommended for persons who are hypersensitive to 
diphtheria toxoid.

In each of the years 1975-1978, the number of tetanus 
cases reported to the Center for Disease Control averaged 
88 (Figures 1 and 2). The incidence o f tetanus has slowly 
decreased over the last 20 years, but the case-fatality .ratio 
remains 40%-60% (Figure 3).

The incidence o f tetanus in the United States in 1978 
was highest for older persons, ^with the median age of 
tetanus patients being over 50 years.

Several Southern states have continued to have a higher 
incidence of tetanus than mostjDther states (Figure 4).

Puncture wounds and lacerations preceded nearly 80% 
of tetanus cases in 1970-1971, the most recent years for 
which complete analysis is available. Seventy-seven percent 
of cases were associated with injuries in and around the 
home and garden. Eleven percent of people contracting 
the disease had no recollection of an associated injury. Most 
cases occurred between May and September, consistent 
with the hypothesis that the risk of acquiring tetanus is 
most strongly associated with outdoor activity and ex
posure to soil. Whites contracted the disease at 20% the 
rate at which members of other races did. Males with 
tetanus outnumbered females 3 to 2 overall, but of victims 
20-40 years old, females outnumbered males.

Far fewer neonates have had tetanus recently than in 
earlier years. Tetanus affecting infants less than a month

600 Figure I. Reported tetanus cases by year, United States, 1950-1978
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Figure 2. Reported tetanus cases by age group, United States, 1978

old is almost always associated with an unvaccinated 
mother and delivery unattended by a physician. Seven of 
the 10 neonates with tetanus in 1970-1971 were white. 
Fouf o f  the cases were reported from Texas and 4 from 
the Southeast. No person with a verified history of 
complete vaccination was reported to have tetanus in 1970 
or 1971.

Although tetanus toxoid is among the most effective 
vaccines available, tetanus continues to occur even when a 
high percentage of the population has been vaccinated, 
because there is no herd immunity. Tetanus is still a signi-

Figure 3. Tetanus morbidity and mortality per 100,000 population,
United States, 1947-1978

YEAR
*Not available.

ficant problem primarily because of the ubiquity of the 
causative organism, the lack of naturally acquired immu
nity, and the fact that a significant proportion of the pop
ulation, particularly persons over 40, are not adequately 
immunized.

Figure 4. Geographic distribution of tetanus cases and average incidence by state, 1972-1976
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Tuberculosis
As far as can be determined, tuberculosis is as old as 

civilization. Infection with Mycobacterium tuberculosis has 
been called by many names, among them scrofula, phthisis; 
and consumption-the last, to describe the chronic wasting 
of the body believed to accompany late stages of infection. 
Clearer understanding of tuberculosis brought the realiza
tion that many patients reach far-advanced stages without 
appearing to be consumptive or emaciated. Indeed, even in 
its advanced stages, tuberculosis may be subclinical and un
suspected.

Hippocrates in the 5th century B.C. was the first to offer 
a clear description of tuberculosis. His contemporary, 
Isocrates, believed that the disease could be transmitted 
from person to person, and the idea became prevalent that 
an individual could acquire tuberculosis from someone else 
or from something a “consumptive” had touched. Although 
stringent laws were passed to isolate patients and to destroy 
everything that could have been contaminated by them, no 
tangible evidence of a means of transmission could be 
demonstrated, and interest declined.

With Koch’s discovery of the tubercle bacillus in 1882, 
interest in the corrfmunicability of tuberculosis reawakened, 
but not until the 1940s, almost 70 years later, was the 
route of transmission by droplet nuclei reasonably well 
understood. At that time, the tuberculosis incidence in the 
United States was around 90 cases per 100,000 population 
per year, and the death rate was 35 per 100,000.

The steady reduction in tuberculosis morbidity and 
mortality since the beginning of the 20th century has been 
attributed to several factors. Probably the most important 
in the past, was public awareness of the disease and removal 
of patients with infectious disease from the community in 
order to isolate and treat them. Improved social conditions 
for most residents of the United States, development of 
techniques for radiographic screening of large segments of 
the population, and public education to accept and demand 
these services were also major factors.

More recent scientific advances have provided the means 
to reduce the incidence oftuberculosis in the United States 
more rapidly. Antituberculasis drugs have proven effective 

l for preventing tuberculosis and for treating patients who 
have the disease. Tuberculin skin test interpretation has 
been refined. In addition, the transmission and pathogenesis 
of tuberculosis are better understood, making possible a 
more rational approach to case finding, diagnosis, treat
ment, and prevention. ■

Recent Trends
In 1978, state health departments reported 28,521 tuber

culosis cases, a 5.4% decline from the 30,145 cases recorded 
for the United States in 1977. The national incidence was
13.1 per 100,000 population in 1978 vs. 13.9 in 1977.

Fewer than half as many tuberculosis cases were reported in 
1978 as were reported 20 years ago (Table 1). M ostof the 
decrease in tuberculosis incidence represents pulmonary 
cases. The number of reported-extrapulmonary cases has 
remained virtually unchanged over the past decade. In 
1978, extrapulmonary disease accounted for 14.6% of all 
tuberculosis cases, and pulmonary disease accounted for 
85.4% (Figure 1).

There were 28,521 tuberculosis cases reported in 1978; 
bacteriologic results were available for 26,256 or 92.1%. Of 
these, 85.4% were confirmed to be positive, and 14.5% 
were negative. Although the overall case rates for whites are 
substantially lower than those for other races, the absolute 
number of cases reported for whites is larger than that for 
other races (Figure 2). Figure 2 also shows that both the 
numbers reported and "the specific case rates rise with age. 
Case rates have generally been higher in the Southeast and 
in states along the Mexican border than in other parts of 
the country (Figure 3).

Statistics indicate that 2,830 persons died from tuber
culosis in the United States in 1978, a death rate of 1.3 per
100,000 population. This represents a 7.1% decline in the 
death rate from 1977, continuing the steady downward 
trend of recent decades (Table 1).

Morbidity and mortality rates are 2 indices of the 
severity o f the tuberculosis problem. A third index is the in
fection rate, which measures the level o f transmission o f 
tubercle bacilli from person to person. Although the rate 
has been high in the past, new infections among children 
are now rare in many parts of the country.

Prevention of Disease /
The probability of having clinical tuberculosis is reduced 

by preventive treatment with the drug isoniazid or vacci
nation with “Bacille Calmette-GueVin” (BCG) vaccine. Pre
ventive treatment is preferred in countries such as the 
United States, where there is a relatively low incidence of 
disease and an effective control program. BCG vaccine is 
recommended and widely used in some developing 
countries.

BCG Vaccine y
The search for a vaccine against tuberculosis began 

shortly after the discovery of the tubercle bacillus in 1882. 
It was not until 1922, however, that Weill-Halle first 
ventured to give a live vaccine to, an ,infant. The vaccine .was 
prepared from a bovine strain of the tubercle bacillus 

’ isolated by Nocard in 1902 from the udder of a cow. The 
virulence o f tjie original strain-was attenuated through years 
of serial transfer by Calmette and Gue'rin sit the Pasteur 
Institute.
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T able 1. T ubercu lo sis cases and  d e a th s , U n ited  S ta te s , 1955 -1978

Cases D eaths

Year Number Rate Number

%
Change

Rate Number Rate Number

%
Change

Rate
1955 77,368 46.9 -3 .0 -  4.9 15,016 9.1 -  9.1 -10 .8
1956 69,895 41.6 -9 .7 - H .3 14,137 8.4 -  5.9 -  7.7
1957 67,149 39.2 -3 .9 -  5.8 13,390 7.8 -  5.3 -  7.1
1958 63,534 36.5 -5 .4 -  6.9 12,417 7.1 -  7.3 -  9.0
1959 57,535 32.5 -9 .4 -11 .0 11,474 6.5 -  7.6 -  8.5

1960 55,494 30.8 -3 .5 -  5.2 10,866 6.0 -  5.3 -  7.7
1961 53,726 29.4 -3 .2 -  4.5 9,938 5.4 -  8.5 -10 .0
1962 53,315 28.7 -0 .8 -  2.4 9,506 5.1 -  4.3 -  5.6
1963 54,042 28.7 +1.4 0.0 9,311 4.9 -  2.1 -  3.9
1964 50,874 26.6 -5 .9 - 7 . 3 8,303 4.3 -10 .8 -12 .2

1965 49,016 25.3 -3 .7 -  4.9 7,934 4.1 -  4.4 -  4.7
1966 47,767 24.4 -2.5 -  3.6 7,625 3.9 -  3.9 -  4.9
1967 45,647 23.1 -4.4 -  5.3 6,901 3.5 -  9.5 -10 .3
1968 42,623 21.3 -6.6 -  7.8 6,292 3.1 -  8.8 -11.4
1969 39,120 19.4 -8 .2 -  8.9 5,567 2.8 -11.5 -  9.7

1970 37,137 18.3 -5 .1 -  5.7 5,217 2.6 -  6.3 -  7.1
1971 35,217 17.1 -5 .2 -  6.6 4,501 2.2 -13 .7 -15 .4
1972 32,882 15.8 -6.6 -  7.6 4,376 2.1 -  2.8 -  4.5
1973 30,998 14.8 -5 .7 -  6.3 3,875 1.8 -11 .4 -14 .3
1974 30,122 14.2 -2 .8 -  4.1 3,513 1.7 -  9.3 -  5.6

1975 33,989 15.9 __3,333 1.6 -  5.1 -  5.9
1976 32,105 15.0 -5.5 -  5.7 3,280 1.5 -  1.6 -  6.3
1977 30,145 13.9 -6 .1 -  7.3 2,968 1.4 -  5.2 -  6.7
1978 28,521 13.1 -5 .4 -  5.8 2,830a 1.3 -  4.6 -  7.1

^Provisional. Deaths are based on the National Center for Health Statistics’ 10%
sample of death certificates.
Note: Case data for years after 1974 are not comparable with those for earlier years 
because of changes in diagnostic and classification standards implemented in 1975.

Figure 1« Pulmonary and extrapulmonary tuberculosis cases, United States, 1964-1978
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Figure 2. Tuberculosis-reported cases and cases per 100,000 pop
ulation by race and sex and by age group, United States, 1978

WHITE WHITE OTHER 
MALE FEMALE MALE

(ALL RACES 28,521) (ALL RACES 13.1)

0 *4  B-14 18*24 25-44 49-84 854 
(ALL A6ES 28,521)

No apparent harm resulted from using oral BCG vaccine 
for youngsters, and it was soon used throughout France 
despite appeals from some leading clinicians to have con
trolled studies of its effectiveness. Two major setbacks soon 
occurred. First, in 1927,Petroff reported from the Trudeau 
Laboratory at Saranac Lake, N.Y., that he had grown a 
virulent strain from a BCG culture obtained in Paris; then 
in the Hanseatic city of Lubeck in 1930, 73 children were 
mistakenly fed a culture of virulent bacilli instead of BCG 
and died from tuberculosis.

Immediately after World War II, mass vaccination 
programs were organized as emergency measures in some of 
the war-devastated countries of Eastern Europe. BCG was 
given by intracutaneous injection, a technique that became 
widely accepted as the campaigns spread throughout 
Europe and into the Middle East, Asia, and Latin America. 
The United Nations Children’s Emergency Fund (UNICEF) 
provided early support, and by the mid-1950s the World 
Health Organization (WHO) took over the mass BCG vacci

nation campaigns as part of the tuberculosis control pro
gram for developing countries.

Questions again arose about the effectiveness of BCG 
vaccination. They led, this time, to the creation by WHO of 
a Tuberculosis Research Office (TRO), 1949-1955, and to 
the large-scale controlled trials that began in 1950, includ
ing those conducted by the U.S. Public Health Service and 
the British Medical Research Council. The work of the 
WHO/TRO was directed primarily toward answering 
questions about the nature of BCG vaccine, devising tech
niques of administration, and developing methods for 
selecting candidates for vaccination. In 1949, little was 
known about variability in potency of different batches of 
BCG vaccine, natural evolution of local lesions, cause and 
course of associated local lymphadenitis, or frequency of 
other mycobacterial infections that cause tuberculin 
sensitivity, all of which interfere with selection of candi
dates and efficacy of the vaccine. Results of the controlled 
trials have shown different degrees of effectiveness o f the 
vaccine, related possibly to differences in the tuberculosis 
infection rates (higher in Britain), sources of other myco
bacterial infections (more common in the United States), 
and various other factors, known as well as unknown.

Recently WHO, the Indian Council of Medical Research, 
and the U.S. Public Health Service sponsored a controlled 
community trial of BCG in South India. About 115,000 
tuberculin-negative individuals were randomly allocated 
into study groups. After years of follow-up, no pro
tective effect o f BCG vaccine is evident.

The purpose of BCG vaccination is to modify the course 
of later infection with virulent tubercle bacilli and thereby 
reduce the risk of overt pulmonary disease and extrapul- 
monary complications, notably miliary tuberculosis and 
tuberculous meningitis. Thus, only the uninfected stand to 
benefit from vaccination, since infected persons have al
ready responded to a natural challenge with tubercle bacilli. 
There is no indication that vaccination prevents tuberculous 
infection.

In the United States, BCG vaccination is recommended 
only for individuals who have a high probability of 
becoming infected, i.e., those who have unavoidable and 
continuous exposure to Af. tuberculosis and cannot be 
kept under surveillance or given preventive treatment.

BCG vaccine is administered by the intracutaneous tech
nique or the transcutaneous multiple-puncture technique. 
Specific instructions of the manufacturer should be care
fully followed.

Preventive Treatment
Because of the low and still-falling Infection rates in this 

country, relatively more of the tuberculosis cases diagnosed 
each year (an estimated 80% to 90% of all new cases) are 
from the already infected pool, estimated to comprise 
abput 15 million persons. Preventive treatment can reduce 
the incidence of overt disease among infected individuals by 
70%-90%. Top priority for preventive treatment is recom
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mended for persons as greatest risk: close contacts of 
infective persons, persons with abnormal chest X-ray 
findings, recent tuberculin converters, and persons with 
medical conditions that lower the natural resistance to 
disease. Isoniazid, 300 mg by mouth each day for a year, is 
the currently recommended preventive treatment for in
fected adults; for infected children, the recommended pre

ventive treatment is 10 mg/kg body weight, not to exceed 
300 mg daily, by mouth each day for a year. Although a 
course of preventive treatment for as little as 6 months 
reduces the probability that infected persons will have 
clinical disease, it appears to confer less protection than a 

1 12-month course.

5 6 Immunization Against Disease



Typhoid Fever

Without any specific control programs, the incidence of 
typhoid fever in the United States and in other Western 
countries has progressively and substantially decreased over 
the past several decades (Figure 1). Although sporadic 
outbreaks still occur occasionally, improvements in sani
tation and attrition among carriers have reduced the risk of 
acquiring typhoid fever in this country. In recent years, half 
the typhoid fever cases diagnosed in the United States have 
been acquired during travel to areas with endemic typhoid 
fever, chiefly Mexico and India. Therefore, a detailed 
history of travel should be obtained from each patient in 
the United States.

The organism that causes typhoid fever is transmitted 
almost exclusively in contaminated food and water. 
Because a moderately large inoculum (10$ or more 
Salmonella typhi organisms) appears necessary to cause 
disease for most persons, typhoid fever is rarely transmitted 
by person-to-person spread or by fomites. Most of the 
recent outbreaks in the United States have been foodborne.

Indigenously acquired typhoid fever chiefly affects 
young adults and children over the age of 1 year. Most out
breaks involve only 2 or 3 cases, but several larger food- 
borne and waterborne outbreaks have ..occurred in the 

. United States in the last decade. Persons with Hispanic 
surnames have been shown to be at a higher than average 
risk of acquiring typhoid. Substandard hygiene associated 
with poverty, a disproportionate segment of the population 
in the age group at greatest risk, and frequent interaction of 
Hispanic residents in the Southwestern United States with 

s relatives, friends, associates, and other contacts from Latin 
America, where typhoid is endemic, probably contribute to 
the excess morbidity rates for the Hispanic population. 
Indigenous sporadic cases occur most frequently in the 
rural South.

The typical patient with travel-associated typhoid fever 
is older and more likely than a patient with indigenous 
disease to be male, reflecting the demographic character
istics of foreign travelers. States with high attack rates of 
travel-associated typhoid are primarily those that border on 
Mexico or have major international ports.

Chloramphenicol-resistant strains of S. typhi have been 
reported from a number of countries, and a large outbreak 
of typhoid fever occurred in central Mexico in 1972 and 
1973. For this reason, all strains of S. typhi isolated from

patients with clinical illness should be tested for drug 
susceptibility, and if chloramphenicol resistance is demon
strated, any o f 3 other drugs (i.e., ampicillin, amoxicillin, 
or the drug combination trimethoprim-sulfamethoxazole) 
should be used.

In the past, approximately 3% of patients with typhoid 
continued to  excrete the organism for longer than a year 
regardless of antibiotic therapy," but this figure is highly 
age and sex dependent. Women over 40 years old with 
gallbladder disease are most likely to become carriers. 
Treatment for typhoid carriage is recommended, e.g., for 
persons whose livelihood depends on food handling.

In addition to the other indications for typhoid vacci
nation discussed in the recommendations by the Immuniza
tion Practices Advisory Committee (Section IV), labora
tory workers who have frequent contact with S. typhi 
should be considered candidates for the vaccine.

Figure 1. Reported typhoid fever cases per 100,000 population by 
year, United States, 1942-1978
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Typhus Fever (Epidemic)

Epidemic (louse-borne) typhus fever is caused by .Rick- ' 
ettsia prowazekii and is transmitted by human body lice.
It is a severe disease marked by fever, headache, rash, 
and stupor or delirium. The word “typhus” is derived from 
the Greek typhos, meaning smoky or hazy, and applies to 
febrile illness and clouded intellect. Gerhard, a Philadelphia 
physician, differentiated typhus from typhoid fever in 1837.
In 1910, Brill described sporadic cases of a mild illness he 
saw affecting people in New York City who did not have 
lice. Zinsser*suggested in 1934 that Brill’s disease was re- 
crudescent epidemic typhus, and in 1951 Murray and 
Snyder proved that it was by isolating R. prowazekii from 
lice that had been allowed to feed on patients with Brill’s 
disease. Patients can now be effectively treated for typhus 
with a tetracycline or chloramphenicol, especially if treat
ment is started soon after the rash appears.

Another kind of typhus is murine (endemic) typhus, 
caused by R. typhi (R. mooseri) and transmitted by the rat 
flea. Clinically a somewhat milder form of epidemic typhus, 
it occurs endemically, especially in subtropical and tropical 
regions with large rat populations. The term “typhus” is 
also applied to scrub typhus or tsutsugamushi disease, a 
mite-borne rickettsial infection that occurs in Asia and 
neighboring islands of the Southwest Pacific. The term 
“tick-borne typhus" is sometimes applied to Rocky Moun
tain spotted fever and certain other typhus-like, tick-trans
mitted rickettsial diseases that occur in various parts of the 
world.

Epidemic typhus fever has typically been seen in large 
epidemics associated with the disruption caused by wars 
and revolutions. The last large epidemic was in Eastern 
Europe and Russia in 1918-1922 and involved an estimated 
30 million cases and 3 million deaths. In the World War II 
period, the disease was again seen there and also around the 
Mediterranean, but it has since disappeared from those 
areas. Recrudescent typhus, or Brill-Zinsser disease, con

tinues to affect previously infected persons, even decades 
after the initial infection, and could initiate epidemics if 
lousiness were to return.

Today, epidemic typhus fever is seen primarily in moun
tainous areas of the tropics, where the climate is cool 
enough for the people to wear clothes. It may occur in 
epidemics of several hundred cases, as it recently did in 
Burundi, or in small outbreaks involving a few families. In 
’the altiplano of South American, nearly all the people have 
been infected by the time they are adults, although clinical 
illness is rarely seen.

No outbreaks of epidemic typhus fever have occurred in 
the' United States for several decades, and the recent cases 
seen here were imported from other countries. Because 
body lousiness is rare in the United States, cases of re
crudescent typhus do not lead to epidemics, and epidemic 
typhus vaccine is therefore not indicated for the general 
civilian population. It has been recommended for. military 
personnel and for civilians whose foreign travel will bring 
them in close contact with the populations of certain 
mountainous areas of the tropics. The risk for ordinary 
tourists is not significant. The vaccine provides little if any 
protection against murine typhus.

For the purpose of vaccine production, R. prowazekii is 
cultivated in the yolk sacs of embryonated chicken eggs. 
Suspensions of infected yolk sacs are extracted with ether, 
and the aqueous phase is drawn off for use as vaccine. 
Potency tests for the vaccine involve vaccinating guinea pigs 
and testing their serum for antibodies capable of neutraliz
ing the lethal effect that suspensions of viable R. pro
wazekii from infected yolk sacs have for mice. The pro
tection provided to humans by the primary series is much 
improved by a booster dose 9-12 months later. This 
“booster effect” lasts for many years, and the primary 
series need not be repeated.
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Varicella-Zoster Infections

Until 1767, when Heberden clinically differentiated vari
cella (chickenpox) and variola (smallpox), one was fre
quently misdiagnosed as the other. A century later, about 
the same time varicella was shown to cause an infectious 
disease, herpes zoster infection (shingles) was described. 
The relationship between varicella and herpes zoster in
fection was first postulated in 1888, but it was not until 
1953 that virus isolation techniques allowed scientists to 
show that the 2 diseases are caused by the same virus. The 
concept is now generally accepted that chickenpox is the 
primary clinical response, and shingles is a delayed mani
festation of infection with the varicella-zoster (V-Z) virus.

Varicella
Varicella is a disease of mildly fluctuating endemicity. 

Data from 8 states for the period 1955-1971 reveal no dis
cernible epidemic cyclicity (Figure 1). This is in agreement 
with nationwide data available since 1972 (Figure 2, Table 
1). The reported average annual incidence for the period 
1972-1978 was 167,037 (78.4 cases per 100,000 pop
ulation per yea?). Since varicella is a very contagious 
disease with a 60%-90% secondary attack rate for house
hold members and with approximately 95% of all young 
adults having serologic evidence of infection at some 
time, the reported number of cases probably represents 
only about 6% of the actual number of infections (based on

approximately 3 million births per year). The disease is 
most prevalent in late winter and in spring, i.e., between 
January and May (Figure 2). The illness is most common 
among children 5 to 9 years old, with 80% of reported cases 
affecting children less than 10 years old (Table 2). There 
has been no significant change in age distribution in recent 
years (Figure 3).

Varicella is a relatively benign'illness for normal children. 
Inapparent infection is rare. The most common complica
tion is secondary bacterial infection of the- skin lesions. 
Children rarely have pneumonia as a complication of 
chickenpox; however, 16% of the group of apparently 
healthy military personnel tested had X-ray evidence of 
pneumonitis. Of this group, 25% had clinical signs of 
pneumonia. In clinical studies, postinfectious encephalitis 
has been reported at a rate of 1 case per 2,00-3,000 re
ported chickenpox cases. The rate reported to the Center 
for Disease Control (CDC) for the period 1972-1978 was 
0.3 per 1,000 chickenpox cases (Table 1). Encephalitis 
secondary to chickenpox appears to be a severe illness, 
with a usual reported fatality rate of 10%-35%. Reye 
syndrome and hemorrhagic varicella are complications of 
chickenpox that occur less frequently. Deaths from 
chickenpox have been reported at a rate of 0.5 to 1 per
1,000 cases. Most persons who have serious complications 
or die are very young children (especially neonates), adults, 
and immunosuppressed individuals of all ages.

Figure 1. Reported varicella cases in eight states* by year, United States, 1955-1978

* Alabama, Arkansas, Arizona, Florida, Iowa, Massachusetts, Michigan, Washington. 
**No Reporting for Arizona.
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Figuri 2. Reported varicella cases per 100,000 population by month, United States, 1972-1978

Table 1. Cases, deaths, and case-fatality ratios for chickenpox and chickenpox-associated encephalitis in the United States,
1972-1978

i

I

t

Chickenpox Chickenpox-Associated Encephalitis?

Deaths per Deaths per
Year Cases Deathsb 10,000 Cases Cases Deaths 100 Cases

1972 164,111 122 7.4 52 18 34.6
1973 182,927 138 7.5 102 14 13.7
1974 141,495 106 7.5 54 10 18.5
1975 154,248 83 5.4 54 12 22.2
1976 183,990 106 5.8 59 6 10.2
1977 188,396 89 4.7 43 1 * 2.3
1978 154,089 NAC NA NA NA ! NA

a Data from Viral Diseases Division, Bureau of Epidemiology, Center for Disease Control, Atlanta, Ga. 
b Data from National Center for Health Statistics. 
c NA' = not available.

Table 2. Reported cases of chickenpox, by age group, for Mass
achusetts, New York City, and Illnois, 1972-1978

Age Group (Years)

Mean Annual 
Number of 
Cases (%)

Mean Annual 
Incidence per 

Population of 100,000

<5 3,399 (14.6) 208.5
5-9 14,887 (64.2) 739.0

10-14 3,720(16.0) 181.4
15-19 761 (3.3) 32.9
>20 413(1.8) 2.4
Total 23,180(100.0) 94.8

Herpes Zoster
Although herpes zoster infection is 'not a reportable 

condition, results of studies have shown no seasonal pre
valence, supporting the contention that herpes zoster in
fections are not caused by exogenous reinfection after ex

posure to the V-Z virus. Cases have been reported to occur 
simultaneously with chickenpox and to affect persons for 
whom chickenpox had not been diagnosed. Although 
children do not usually have the disease, some infants born 
to mothers who had chickenpox while pregnant have been 
infected. In general, incidence rises with age. Patients with 
herpes zoster infection shed V-Z virus and thus can transmit 
varicella to susceptible contacts.

Prevention and Treatment
Experimental vaccines are being tested in Japan, Switzer

land, and the United States, but none are currently avail
able for routine use in the United States. High doses of 
pooled gamma globulin (0.6-0.9 cc/kg body weight) have 
modified the disease for normal children but are not effec
tive in preventing chickenpox.
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Figure 3. Cumulative percentage of varicella cases by age group, 
from selected areas,* 1967-1969 and 1976-1978

AGE GROUP (YEARS)
•Illinois, Massachusetts, New York City

Since January T972, CDC has provided an investigational 
preparation, zoster immune globulin (ZIG), to more than
1,000 immunodeficient children within 96 hours after they 
were exposed to chickenpox. ZIG is prepared from the 
plasma of healthy donors convalescing from shingles or 
chickenpox. Data indicate that ZIG is effective in pre
venting or modifying varicella infection for immunodefi
cient patients if it is given soon after they are exposed to 
the virus.

Unfortunately, the supply of ZIG has not been constant 
because not enough plasma has been donated to meet the 
increasing number of requests. To meet the increasing 
demand, since 1977 CDC has contracted with the Sidney 
Farber Cancer Institute and the State Laboratory Institute 
of the Massachusetts State Department of Public Health to

provide and distribute a supply of varicella-zoster immune 
globulin (VZIG) prepared from pooled plasma containing 
high levels of antibody against varicella virus. VZIG is also 
investigational and is available only in limited quantities. 
Unnecessary use can be minimized, when feasible, by 
determining whether children with immunodeficiency, 
leukemia, or lymphoma have V-Z virus antibody.

VZIG has been available at no cost since November 1, 
1977, for patients meeting the criteria outlined in Table 3. 
A physician who desires treatment for such a patient should 
contact:

Division of Clinical Microbiology 
Sidney Farber Cancer Institute 
44 Binney Street 
Boston, Massachusetts 02115 

 ̂ Telephone: 617-732-3121
Although former ZIG consultants and the Immunization 

Division, CDC (telephone: 404-329-3747), no longer have 
direct responsibility for distributing VZIG, they can be 
consulted about alternate modes of therapy such as zoster 
immune plasma (ZIP), adenosine arabinoside (Ara A), 
and interferon.

Table 3. Five criteria for obtaining varicella-zoster immune globulin 
(VZIG) to use as protection against varicella

I. One of the following underlying illnesses or conditions:
A. Leukemia or lymphoma
B. Congenital or acquired immunodeficiency
C. Person taking immunosuppressive medication
D. Baby born to mother with varicella

II. One of the following types of exposure to patient with vari
cella or zoster:
A. Household contact
B. Playmate contact (>1 hour play indoors)
C. Hospital contact (in same 2- to 4-bed room or adjacent 

beds in a large ward)
D. Newborn contact (newborn whose mother contracted 

varicella less than 5 days before delivery ox within 48 
hours after delivery)'

III. Negative or unknown disease history
IV. Age less than 15 years
V. Request for treatment must be initiated within 72 hours of 

exposure
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Yellow Fever

Ecology
Yellow fever is an acute infectious disease caused by a 

group B arbovirus (flavivirus) transmitted to humans by the 
bite of an infected mosquito. Clinical illness may range 
from life-threatening disease with jaundice, coma, acute 
renal failure, and vomiting of blood, to a mild influenza-like 
syndrome, to an inapparent infection for infants. Case- 
fatality ratios have ranged from 5% in outbreaks involving 
natives of regions with endemic yellow fever to almost 50% 
in epidemics. The major variables include the attenuation of 
yellow fever virus strains in endemics and the protective 
effects of earlier infection with related arbovirus diseases. 
Those who recover are immune for life.

Comparable human infections occur after either urban 
or sylvatic cycles of yellow-fever-virus transmission. The 
urban cycle is human-mosquito-human, with humans 
remaining infectious for only 4-5 days, but after a 2-week 
incubation period, individual mosquitoes are infectious for 
life. In the Americas, Aedes aegypti is the only mosquito 
known to maintain the urban transmission cycle. The 
cycle may accompany explosive outbreaks in which large 
numbers of Aedes aegypti mosquitoes are in close contact 
with many susceptible persons or in less intense outbreaks 
in villages and rural areas where lower densities of humans 
and vectors as well as existing immunity may moderate the 
intensity of outbreaks. Sylvatic yellow fever is transmitted 
to monkeys in the rain forests o f South and Central 
America principally by mosquitoes of the Haemagogus 
genus, and humans are infected more or less sporadically as 
they work or travel in forested areas and are bitten by 
Haemogogus spp. mosquitoes.

In Africa, the sylvatic cycle is maintained by mosquitoes 
such as A . africanus or opok that seldom bite humans but 
may cause sporadic human infection. In some parts of rural, 
tropical Africa, a cycle has been described in which humans 
contract the disease from the peridomestic mosquito A. 
simpsoni, which feeds on infected monkeys that period
ically raid village gardens. Epidemiologic observation of 
widespread epidemics of human yellow fever, in the 
absence appreciable numbers of A. aegypti mosquitoes, in
dicates that in rural Africa humans may contract yellow 
fever through nonclassic, human-mosquito-human trans
mission cycles involving other aedine mosquitoes such as 
A. luteocephalus or A . furcifertaylori

Recent observations have confirmed transovarial trans
mission of yellow fever virus in A . aegypti This mode of 
transmission may be important in ensuring the persistence 
o f the virus through dry seasons or in other situations un
favorable for its survival.

The virus has been repeatedly isolated from wild mon
keys; they may have overt disease or die, depending on the

species involved. There is also some evidence that other 
primates, especially “bush babies” {Galago senegalensis) 
the lemur species may be involved in transmitting the dis
ease. Although isolates have been obtained in experiments 
with marsupials, edentates, rodents, and birds, serologic 
studies indicate that these animals are only casually in
volved in the enzootic cycles that preserve the virus.

History
Although the first generally acknowledged epidemic of 

yellow fever occurred in the Yucatan in 1648, the disease is 
thought to have originated in Africa and to have been in
troduced into the Americas early in the 17th century with 
the slave trade. Until early in the 20th century, it was one 
o f the most feared of all epidemic diseases. There were 
thousands of deaths from yellow fever, but the cause and 
means of spread of the disease were unknown, and no 
control measures were available. This situation changed 
when the concept of transmission by mosquitoes was pro
posed in Havana in 1881 by Finlay, and confirmed by 
Reed in Cuba in 1900. In 1901, mosquito control measures 
were applied successfully by Gorgas in Havana.

The first successful transmission of yellow fever to non
human subjects, i.e., rhesus monkeys (Macaca mulatto)t was 
reported by Stokes and co-workers in 1928. This study and 
the later use of white mice as laboratory hosts provided 
proof that African and American yellow fever are the same 
disease and led to the development of an'effective yellow 
fever vaccine in the 1930s.

Current Status
Today, despite the availability of effective vaccines and 

initial results of A. aegypti eradication campaigns in the 
Americas, yellow fever is still a significant world health 
problem. Table 1 shows the numbers o f cases and deaths by 
country officially reported to the World Health Organiza
tion for the period 1959-1978. In many instances, the 
similarity of numbers of cases and deaths reflects the 
common practice of reporting autopsy- or liver biopsy- 
proven cases. When interpreting these data, one should be 
aware that there is considerable underreporting, and official 
figures are only rough indicators of the prevalence. For 
example, retrospective investigation identified 63 deaths 
associated with the outbreak in Gambia during 1977 and 
1978, and surveys indicated that there had been from 1,000 
to 1,700 deaths. Only 30 cases had been officially reported.

The geographic distribution of reported yellow fever 
cases since 1959 is shown in Figures 1 and 2 and corre
sponds well with the endemic yellow fever zones classified 
as infected areas by many countries. As shown in Table 1 
and Figure 1, there have been major African outbreaks
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Table 1. Yellow fever cases reported by country, 1959-1978
No. of

Country
Cases & 
Deaths 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978

AFRICA
Angola C ‘

D — — — — — — »- — — — — — 42 — — — — _ _ _
U Rep of C 1 2 1 2 1
Cameroon D - - - - _ - - - - - - 1 - 2 _ 2 _ _
Ethiopia C _ _ 3,000 10

D - - 3,000 6
Gambia C 30

D _ 30
Guinea- C ___6 _ _ _ _
Bissau D
Equatorial C
Guinea D
Ghana C 2 - - - _ - _ _ _ _ 307 12 4 5 1 1 1 n o 213,

D 2 - - - - - - - - 2 7 - 4 4 ' 1 - 33 40
Liberia C _ _

D
Mali C -

D
Nigeria C - - - _ — _ _ _ 208 4 3 23 _

D 60 1 — - 1 10 - _ - -
Senegal C ' -

D
Siena C
Leone D
Sudan C 120 __ <

D, 88 - - - T" - - - - - - _ - _ _ _ _ —
Togo C 1 2 _ __

D — — — — — — — — _ — 1 2
Uganda C „ 1 _— ___

D - _ _ _
Upper Volta C — _

D
Zaire *  C 11 7 4 _— _ __2

D 8 7 1 -
AMERICAS *
Argentina C - _ __ - 2 51 1

D - - - - - - 2 16 1 - - - - - - - -T _ _ _
Bolivia C 2 30 2 - 81 14 19 68 — 27 8 2 8 9 S6 12 147 1$ 2 11

D - - - - - *- - - - - - 5 - 39 1 80 11 1 4
Brazil C 4 1 2 1 13 14 22 2 “2 4 2 11 12 67 13 1 1 10 27*

D » •• •. .. .. 12 14 22 - - 4 9 7 67 11 1 1 10 7
Colombia C 23 12 12 38 21 IQ, 2 3 5 ' 11 7 7 9 3 16 29 i r 45 9 109

D 21 11 9 30 10 9h 2 3 5 11 i 7 - 7 3 16, 29 10 21 9 .2 0
Ecuador ‘ C 3 1 1

D 3 1 - 1
Guyana C - - 2 - - - - - - - - — _ i. _

D — — 2 — — — — — — — — — — — r- __ _
Panama C

. D
Paraguay C _ 9 ‘ _>

D
Peru C 1 6 53 20 49 59 .4 5 10 3 5 28 75 — 7 33 a r 1 82 89D 7 19 - i 1 63 56
Surinam C 1 1 _1 __ _

D 1 1 _ — 1 — _ _ ___
Trinidad C 1 ,
& Tobago D
Venezuela C 1' 2 14 r 1 2 5 5 ____ _ 22 7 3

D 1 2 14. i 1 2 5 4 - - - - - 22 7 - -  ' - 3‘

,i Data not available.
-  Number zero or negligible.
C Cases notified to  health authorities.
D~ Deaths notified to health authorities.

These are data from the World Health Organization.
Many are preliminary incomplete, or estimate*!. 

r Anyone who wishes to cite this information specifically should check with WHO 
or the reporting country.
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since 1960 in Ethiopia (1961), Senegal (1965), Ghana 
(1969), Nigeria and Upper Volta (1969), Angola (1971), 
Sierra Leone (1975), and Gambia and Ghana (1978).

In the Americas, significant numbers of jungle yellow 
fever cases continue to be reported each year, with occa
sional outbreaks also involving settlements on the edge of 
the jungle. No large urban epidemics have occurred in the 
Americas since the 1928-1929 epidemic in Rio de Janeiro, 
Brazil (738 cases, 436 deaths), but significant outbreaks of 
jungle yellow fever occurred near urban areas of northern 
Colombia and Trinidad in 1979.

Credit for preventing yellow fever in urban areas of the 
Americas is generally attributed to the success o f programs 
of A . -aegypti control and eradication coordinated through 
the Pan American Health Organization. The status of these 
programs has declined in recent years. Major problems in
clude inadequate financial support and the finding that 
areas earlier freed from A . aegypti are being reinfested 6y 
importation from the northern part of South America, 
from the United States, and from the Caribbean. No equi
valent programs have been conducted in Africa, and A . 
aegypti is widely distributed throughout the "endemic yel
low fever zone” there. Yellow fever has never been reported 
from, many areas where A., aegypti is found, notably the 
Indian subcontinent, Southeast Asia, and the South Pacific. 
We do not know why these areas have escaped the disease, 
but the risk probably rises with urbanization and spreads as 
more people travel with greater speed throughout the world.

Indications for Vaccination
In the words of F. L. Soper, Past Director o f the Pan 

American Health Organization: “Yellow fever is not a dis
ease which has been conquered. It is not a disease which has 
been eliminated from consideration as a permanent threat 
. . . .  For the jungle populations and for rural workers who 
have to go into the forest, yellow fever carries the same 
threat that it previously had for the people in the cities.” 
Yellow fever is far less a threat for the typical traveler, 
and effective, safe vaccines are available. The 2 reasons 
that travelers should receive yellow fever vaccination are 1) 
vaccination may be required by some African countries for 
all entering travelers and by a number of countries for 
entering travelers who live in or have visited infected areas 
and 2) vaccination will protect travelers who may be at risk 
of acquiring infection in jireas where yellow fever virus is 
present. Details of vaccine requirements for international 
travel can be obtained from local health departments or in 
Health Information for International Travel (see Section 
IV). Travelers who limit their stay to uninfected urban 
areas in the Americas or Africa are not likely to be at risk 
of contracting yellow fever. On the other hand, those who 
plan to reside or travel outside the urban centers of 
countries in endemic yellow fever zones of the Americas or 
Africa may well be exposed to yellow fever.

Figure 1. Yellow fever in Africa, number o f cases by country,
1959-1978*

Figure 2. Yellow fever in the Americas, number of cases by country, 
1959-1978*

cu b a

*A number of countries classify these areas as infected and require an 
International Certificate o f Vaccination against Yellow Fever from 
travelers arriving from them.
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Biologies Surveillance
In Ju ly  1962, the  Public H ealth Service and the  m ajor 

U.S. producers o f  biologies agreed to  collaborate o n  com pil
ing data  ab o u t th e  d istribu tion  o f  th e  m ost com m on b io 
logic agents used as vaccines in the  U nited States. O f 
course, doses d istribu ted  are n o t necessarily doses used, b u t 
d istribu tion  figures are am ong the  m ost reliable indicators 
o f  year-to-year trends in vaccine u tilization .

Each m ajor antigen is sum m arized in quarterly  reports 
from  the Im m unization Division, Bureau o f  S tate Services, 
C enter fo r Disease C ontrol, and an annual sum m ary is in 
cluded in the  last quarterly  report fo r th a t year. The data 
show n represent the  to ta l initial d istribu tion  o f  vaccine 
m inus doses reported  to  be re tu rned  to  private m anu
facturers o r state laboratories.

To maintain confidentiality of an individual commercial 
manufacturer’s report, for economic and production 
reasons, current tabulations are available only when at least 
3 producers market and report figures for essentially the 
same product. This is a basic agreement of the Biologies

Surveillance Program . In some instances, w hen adequate 
tim e has elapsed' since p roduction  and d istribu tion , the 
m anufacturers have allowed da ta  to  be released w hen n o t 
all the  criteria o f  confiden tiality  could be m et. The addition  
o f  these data  to  the  sum m aries com pletes the  “natural 
h isto ry”  o f  p a tte m s 'o f  vaccine u tilization .

Biologies Surveillance PrograTn Participants
A rm our Pharm aceutical Com pany 
Connaught Laboratories 
Hyland Laboratories 
Lederle Laboratories 
Eli Lilly & Com pany
M assachusetts D epartm ent o f  Public Health 
M erck Sharp & D ohm e 
Michigan D epartm ent o f  Health 
Parke, Davis &  C om pany 
Sclavo, Inc.
W yeth Laboratories

Tible 1. Biologic surveillance by product, selected years, 1965-1978.

Biologic Survefflance

Product Description Number Net Doses Distributed

1965 1970 1975 1976 1977 1978

Influenza Virus Vaccine (All Types) 10,548,058 18,588,050 24,198,025 85,418,860 26,949,072 20,410,980

Diphtheria Toxoid with Tetanus Toxoid (Pediatric) - 2,071,673 1,060,365 1,111,653 904,966 823,326

Diphtheria and Tetanus Toxoids with Pertussis Vaccine 20,035,808 19,490,108 17,333,487 19,021,934 16,862,740 17.992,360

Tetanus Toxoid with Diphtheria Toxoid (Adult) - 8,780,988 8,763,624 9,843,770 9,650,244 9,191,122

Diphtheria Toxoid 28,986,870 10,374 a 3,716 3,590 960

Tetanus Toxoid 47,352,918 17,526,774 13,343,429 17,721,235 12,942,190 10,971,238

Pertussis Vaccine 20,885,893 116,785 47,766 91,133 21,110 100,610

Poliomyelitis Vaccine (Inactivated) 7,462,277 a a a a a

Poliovirus Vaccine, Live, Trivalent b 17,379,175 25,836,701 24,804,475° 19,474,835 23,211,560 24,579,120

Measles Virus Vaccine, Live, Attenuated 6,172,918 4,546,922** 7,378,229** 7,478,646** 10,675,623** 8,931,344**

Mumps Virus Vaccine, Live - 2,836,000 4,811,000 4,417,000** 4,092,773d 4,648,810**

RubeUa Virus Vaccine, Live - - 29,324,972® 7,809,057d 6,398,353** 7,698,639** 7,552,861**

& Not shown since fewer than 3 distributors rep o rted .. 
b Also includes poliovirus vaccine, live, oral, types 1 ,2 ,3 .
c Poliovirus vaccine, live, oral, types 1 ,2 ,3 ,  no t included since fewer than 3 distributors reported, 
d All products containing this vaccine.
® From licensure through 12/70.

i
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Table 2. Biologic products by distributor, United States, 1979-80

Distributors of Specified Biologies

/i

\
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Immunization and Health 
Program for Hospital Employees

An immunization and health program for hospital 
personnel (defined as employees, physicians, and other pro
fessional staff, volunteers, and other persons having regular 
contact with patients, laboratories, and other areas of the 
hospital) is an essential component o f a hospital’s infection 
control program. Patient-care and laboratory employees of 
an acute-care hospital are at greater risk than the average 
person in the community of being exposed to selected 
communicable diseases. A personnel health program is im
portant, therefore, in assessing risks in the hospital, 
providing indicated vaccination or other prophylaxis against 
preventable diseases to which personnel might be exposed, 
and diagnosing promptly and arranging for management of 
diseases they mi^ht contract. The program also reduces the 
risk of nosocomial infection for hospitalized patients by 
protecting the health of personnel, thereby reducing the 
risk that a staff member with a communicable disease will 
infect a susceptible patient.

A comprehensive personnel health program may include 
prevention of, screening for, diagnosis of, or treatment for 
any disease, but the following discussion is limited to com
municable disease aspects of the program. Although the dis
cussion is complete for the more commonly occurring prob
lems, it does not attempt to  cover all infectious diseases or 
to provide full recommendations for the management of 
personnel exposed to or infected by any of the numerous 
possible pathogens; a more complete discussion of person
nel health services and the control of infections among 
hospital personnel has been published (7). Recommenda
tions for vaccination are based on exposures that personnel 
are likely to have in the hospital. Those who are exposed to 
certain diseases in the community or who have altered host 
susceptibility to infection may also need to have vacci
nations not routinely recommended for hospital personnel.

Vaccination and health programs for hospital personnel 
will vary from hospital to hospital, but most should include 
the elements discussed below.

Initial Health Evaluation
A complete history of communicable disease must be 

obtained from all personnel before or at the time they are 
employed or when they first provide service in the hospital. 
This should include a history of vaccination; tuberculosis 
exposure, infection, disease, and treatment; and exposure 
to tuberculosis, hepatitis, or other communicable conditions

as appropriate. History or presence of chronic exfoliative, 
pustular, or other types of skin lesions should be obtained 
or documented because certain patient-care activities can 
worsen these conditions, and heavy colonization of the 
lesions with microbial pathogens may increase risk of 
nosocomial infection for patients. The history and current 
status of diabetes, malignant or other immunodeficient 
conditions, and acute and chronic gastrointestinal, cardio
vascular, and respiratory diseases should also be determined.

Certain medical conditions may increase the risk of dis
ease for hospital personnel, endangering not only them but 
perhaps also patients with whom they have contact. Fox 
example, although it has not been documented, personnel 
who are immunosuppressed might be more susceptible than 
the average person to infection. Also, any female employee 
exposed during pregnancy to diseases such as rubella or 
cytomegalovirus through work in the nursery or dialysis or 
transplantation units might be at greater risk of bearing an 
infant with a congenital infection. Work assignments for 
persons with special needs or risks should therefore be care
fully considered.

The health service may elect to  complete the physical 
examination and obtain laboratory studies on personnel for 
whom reliable results are not available from another source.

The following tests should be done as part of the initial 
health evaluation.

Tuberculin skin test. If the reaction to the first test with 
5 units of Tween-stabilized purified protein derivative 
(PPD) is less than a 10-mm induration, a second intradermal 
test should be done at least 1 week and no more than 3 
weeks -after the first test. The results of the second test 
should be recorded in millimeters of induration and used as 
the baseline for determining subsequent conversion, treat
ment, and follow-up. The rationale for the currept recom
mendation for 2 tests is a better understanding of the 
booster phenomenon. Persons with remote sensitivity to 
tuberculin who have not had recent exposure to the skin 
test antigen may not react to  the initial skin test (false-nega
tive result); later, however, because of the stimulation by 

, the recent skin test, they may have a positive reaction. The 
2-test technique identifies persons with initial false-nega
tive results and avoids an erroneous assumption later that 
the individual has a positive skin test reaction because of 
current tuberculous infection (2-£).
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Chest X-ray films. Persons with positive tuberculin skin 
test results should have X-ray films made. Although it may 
be useful to have a baseline X ray for persons who do not 
have earlier films available, there is no need to obtain a 
chest film of asymptomatic, tuberculin-negative persons.

Rubella serum antibody titer. This test is essential for 
women of childbearing age who work in pediatric and 
nursery areas. Because of the risk that personnel will 
acquire rubella and transmit it to susceptible pregnant 
patients (6,7), this test should also be performed on other 
personnel, both male and female, who might have close 
contact with pregnant women anywhere in the hospital.

Screening for HbsAg and anti-HBs. Hepatitis B surface 
antigen (HbsAg) screening for patient-care personnel as
signed to hemodialysis units is extremely important (8-10). 
To provide complete information about those likely to be 
exposed to or to transmit hepatitis B virus (HBV), screen
ing for both HBsAg and antihepatitis B antigen (anti-HBs) is 
recommended. In dialysis units, personnel positive for anti- 
HBs should be assigned to care for HBsAg-positive patients. 
Personnel working in other areas of the hospital such as 
some clinical laboratories or hematology-oncology, pathol
ogy, or surgery units may be exposed more frequently or 
intensely than most other personnel to blood from HBsAg- 
positive patients. Knowledge about antigen and antibody 
carriage can be important for evaluating the clinical status 
of individuals and for controlling the spread of hepatitis B; 
therefore, some hospitals may require initial and periodic 
serologic testing for personnel who are at high risk of ac
quiring hepatitis B (1).

Other tests may be required by state or local codes or 
may be suggested by special circumstances (e.g., serologic 
test for measles) (7). Some, such as a serologic test for 
syphilis, may be of value to the individual but are not 
central elements of the infection control program.

Serum banks in which a baseline serum specimen from 
each staff member is stored are not maintained in most 
hospitals. Although the potential value of this service has 
not been fully established, it is often valuable to have a 
serum specimen available to provide baseline values or to 
assist in epidemiologic investigation of problems that occur 
later.

Vaccinations for Hospital Personnel
Background epidemiologic information about each dis

ease for which preventive therapy is available’is provided 
in this end other publications (1). Specific information 
on the indications, dosage, preparation, and contraindi
cation for each of the vaccines, toxoids, and immune 
globulins is discussed in other sections o f this manual. 
These .recommendations must be consulted before the 
products are used.

Specific recommendations for hospital personnel are 
shown below.

Diphtheria and tetanus toxoids. Hospital personnel are at 
no greater risk than the average person of acquiring tetanus,

but they may be exposed to and acquire diphtheria from in
fected patients. Susceptible personnel should have primary 
vaccination against diphtheria and tetanus with adult-type 
(Td) toxoids. Each employee should have a booster vacci
nation of the adult toxoids every 10 years, or more often 

' if exposed to a patient with diphtheria or if injured while 
in contact with a tetanus-prone wound.

Pertussis vaccine. Hospital personnel, especially those 
on the pediatric service, may acquire pertussis from in
fected patients. However, pertussis vaccination is not re
commended for persons more than 6 years old because of 
potential reactions to the vaccine and because adults 
usually do not have the severe and perhaps fatal compli
cations that infants with the disease sometimes do. It must 
be stressed that hospital personnel who contract pertussis 
can transmit the disease to susceptible patients. Nosocomial 
pertussis infection of infants is of special concern (17). 
Standard recommendations for the management of prob
lems associated with pertussis, including the use of pertussis 
vaccine, have not been formulated and tested.

Measles and mumps vaccines. Susceptibility to measles 
and mumps should be ascertained by a history of either 
disease or vaccination. Serologic screening for antibody 
against measles is also available. Susceptible employees 
should have the vaccines for these diseases.

Rubella vaccine. The most serious consequences of 
rubella are the fetal anomalies frequently associated with 
rubella infection acquired by a mother in early pregnancy. 
In order to prevent congeritial rubella syndrome for children 
of hospital personnel, women of childbearing age who work 
with pediatric patients or newborn infants must be immune 
to the disease. It is also possible for susceptible male per
sonnel to acquire rubella and transmit it to pregnant 
patients. Therefore, all personnel, including physicians, who 
might have contact with pregnant women through the 
hospital or its clinics should be immune to rubella (6,7). 
Since histories of rubella infection are unreliable, sus
ceptibility should be ascertained by serologic testing at the 
time of the initial health evaluation or documented by a 
record of rubella vaccination. Susceptible personnel work
ing in high-risk areas should be vaccinated according to cur
rent recommendations for the vaccine. Pregnant women 
should not be vaccinated, and women of childbearing age 
should be cautioned not to  become pregnant for at least 
3 months after being vaccinated. Women of childbearing 
age who refuse susceptibility testing or vaccination should 
be advised of the risk of damage to the fetus should they 
become infected while pregnant.

Poliomyelitis vaccine. Most adults in the United States 
are immune to poliomyelitis, the risk of exposure to in
fection is generally low, and the risk of vaccine-associated 
paralysis is slightly higher for adults than for children 
given trivalent oral poliovaccine (OPV). Even in the prevac
cine _ era when poliomyelitis was epidemic and hospitals 
treated many infected patients, the disease was rarely ac
quired through hospital contact. However, susceptible
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hospital personnel who are in close contact with patients 
who might be shedding poliovirus should have a primary 
vaccination series with inactivated poliomyelitis vaccine 
as recommended by the Immunization Practices Advisory 
Committee (ACIP).

Influenza vaccine. Because influenza vaccine is reformu
lated frequently to contain antigen against the current 
strains of influenza viruses, the latest recommendations of 
the Immunization Practices Advisory Committee (ACIP) 
should be consulted. In general, vaccination may be con
sidered for hqspital personnel to  reduce the potential for 
nosocomial infection and to reduce the incidence of illness 
and levels of absenteeism. The decision to vaccinate for 
these reasons, however, must be made in each hospital, with 
consideration given to the inherent benefits, risks, and 
costs o f the program (12). Elderly personnel, those with 
chronic diseases (particularly those with disease of the card
iopulmonary system or kidneys or those with metabolic 
disease), and those who work with high-risk patients should 
be considered for annual vaccination against influenza, 
according to the current ACIP recommendations.

Typhoid vaccine. Routine typhoid vaccination is not 
recommended for hospital personnel.

Smallpox vaccine. The world is now considered free of 
smallpox; the last naturally acquired case was reported in 
October 1977. therefore, smallpox vaccination is not only 
not indicated fof hospital personnel, its use is discouraged 
because a few vaccinees have had serious side effects. The 
only exception to this general recommendation against 
smallpox vaccination is for persons working in the few 
laboratories in the world that continue to maintain stocks 
of variola virus.

Meningococcal polysaccharide vaccines. Routinely giving 
hospital personnel meningococcal polysaccharide vaccines 
is not recommended. Appropriate antibiotic prophylaxis 
has been the principal means of reducing the risk o f second
ary cases among personnel who have intimate respiratory 
contact (e.g., mouth-to-mouth resuscitation) with persons 
with meningococcal disease (13). Vaccination as an adjunct 
to antibiotic chemoprophylaxis for hospital personnel in 
close contact with patients with meningococcal disease has 
not been evaluated. Vaccination of hospital personnel 
during an epidemic of meningococcal disease caused by 
serogroups A or C should be considered as an aspect of the 
total community vaccination effort.

Pneumococcal polysaccharide vaccine. Routinely giving 
pneumococcal polysaccharide vaccination is not recom
mended for hospital personnel.

BCG vaccine for tuberculosis. Routine use of BCG vac
cine for hospital personnel is not recommended; surveil
lance of personnel for evidence of newly acquired tuber
culosis infection, as discussed below under Surveillance, is 
preferable. Some groups suggest that a BCG vaccination 
program should be considered for hospital personnel when 
there is a documented high rate of newly acquired tuber
culosis infection (14,15). However, surveillance of patients 
and other infection control measures that prevent exposure

are more important because they protect both patients and 
employees (2,5). It should be'unusual for a hospital in the 
United States to have such poor infection control and dis
ease surveillance that using BCG, a vaccine of questionable 
efficacy, would be necessary.

Immune globulins for hepatitis A. The.risk of hepatitis 
A transmission iri the hospital is quite small. Therefore, 
giving immune serum, globulin (ISG) to hospital personnel 
as either preexposure or postexposure prophylaxis for 
hepatitis A is not indicated if they have only routine 
contact with infected patients. Personnel who have had. 
direct oral or parenteral contact with infected patients 
soon after they become ill should be given ISG (16,18-20). 
Emphasis should be placed on prevention by using sound 
hygienic practices and good patient-care techniques (16). 
Continuing education programs about the risk of exposure 
to hepatitis A and recommended precautions should be 
provided for hospital personnel who have close contact 
with infective materials or with patients with hepatitis A.

Immune globulins for hepatitis B. Hepatitis B immune 
globulin (HBIG) is recommended as prophylaxis against 
hepatitis B for susceptible personnel who have a single, 
acute parenteral, oral, or mucosal exposure to HBsAg- 
infected blood, secretions, or excretions (16,18-20). If 
HBIG is not available, ISG can be used because recent 
batches of ISG have usually had moderately high titers of 
anti-HBs that appear to provide similar protection. Persons 
with antibody to HBV can be assumed to be immune and 
to need no immunoprophylaxis. No prophylaxis is recom
mended for HBsAg-positive individuals.

Surveillance
Hospital personnel at high risk of being exposed to 

certain diseases should be periodically monitored with ap
propriate laboratory tests and clinical evaluations. The 
hospital program to prevent transmission of hepatitis B 
should emphasize routine serologic screening for personnel 
working in hemodialysis units and provide intensive contin- 
uning education about the risk of exposure and recom
mended precautions and control practices (8-10,16-20y. In 
addition, some hospitals may periodically screen selected 
personnel working in other high-risk areas of the hospital; 
the frequency of screening should be based on epidemio
logic factors including the estimated risk of exposure.
■ If exposed to a patient with infectious tuberculosis, 
hospital personnel who were tuberculin negative when last 
tested should have skin tests performed immediately, and if 
results are negative they should be retested 10 weeks later. 
If there is a risk of frequent exposure to undiagnosed and 
untreated infectious tuberculosis in the hospital or in the 
community, regular skin testing should be performed at 6- 
month to 1-year intervals. Those for whom the risk of ex- 

’ posure is small or infrequent should be retested every 1 to 2 
years (2,5,14).

Specific' evaluation and treatment programs should be 
established for the management of personnel who begin 
to have positive tuberculin tests or show evidence of tuber-
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culosis on chest X ray (2,5,21,22). These employees should 
have another chest X ray  and be provided chemoprophy
laxis if they do not have clinical disease. Employees who 
are initially tuberculin positive should have a chest X ray 
and be considered for chemoprophylaxis if they do not 
have clinical disease. Employees already vaccinated with 
BCG should be skin tested and managed as if BCG had not 
been given (15,23). Employees who have completed a 
course of chemoprophylaxis or a course of therapy for 
tuberculosis do not need additional X-ray examinations un
less they begin to have clinical' symptoms (24). Those who 
are unablfe to tolerate chemoprophylaxis should be kept 
under surveillance. A chest X ray should be made periodi
cally, with the frequency depending on the -exposure, 
history, and the level of risk to the employee and to 
patients.

Routinely taking specimens for cultures from personnel 
to determine asymptomatic carriage of Staphylococcus, 
Streptococcus, Salmonella, or Shigella is not recommended, 
although cultures of appropriate specimens can provide use
ful information in investigating outbreaks (i). Local and 
state regulations for screening food handlers should be 
followed.

The vaccination status of personnel should be monitored 
and kept current.

Laboratory Accidents
Routine personnel health policies and procedures as well 

as special contingency programs should be developed to 
identify and protect employees exposed to patients with 
previously unsuspected communicable disease. Among 
diseases in this category are tuberculosis, hepatitis A and B, 
meningococcal disease, rubella, varicella, and exotic diseases 
such as rabies, smallpox, Lassa fever, and Marburg virus 
disease. Occasionally a laboratory accident involving highly 
infectious agents may occur. To be prepared for such 
accidents, the personnel health service and the infection 
control committee and laboratory director should formu
late a series of contingency plans describing the manage
ment of persons exposed to communicable diseases (25-27). 
The protocols should include 1) criteria to determine the 
risk of having infection or disease, considering host sus
ceptibility and the type and duration of exposure to the 
pathogen, 2) individual personnel and administrative re
sponsibilities, and 3) patient management, including iso
lation and treatment.

Continuing Education
Continuing education programs should be developed and 

used for personnel in order to emphasize specific hazards of 
communicable diseases to which they might be exposed 
and appropriate methods for managing patients and reduc
ing the risk of transmission. The responsibility of each in
dividual to report being ill and to seek therapy for even 
minor infectious problems must be emphasized. All
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personnel'should be made aware ‘of coihmon symptoms of 
communicable diseases and the risk to patients from a 
person with a contagious illness. Personnel, with any of the 
following signs of, symptoms of, or exposure to infectious 
diseases should report promptly to personnel health for 
evaluation: fever or chills, acute skin eruption, purulent 
drainage, jaundice, sore throat, productive cough, influenza- 
like- illness, diarrhea, or exposure of susceptible personnel 
to Specific illnesses such as rubella, chickenpox, hepatitis, 
and tuberculosis.

Personnel with communicable diseases that do not other
wise affect their ability to work but do constitute a risk for t
patients should be assigned to activities not involving • 
patient care. Alternatively, they may be required or allowed \
to be absent from duty without penalty or loss of pay, even 
if their allotted sick leave has been exhausted. Taking 
punitive action against personnel because of minor illnesses 
that are potentially dangerous to patients or failing to pro
vide them with an alternative to patient-care activities may 
cause them to conceal or ignore problems that they think 
are* trivial but that are actually extremely dangerous for 
others.
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Immunization During Pregnancy
\

The increase in the number of available vaccines in the 
past 2 decades has left many physicians uncertain about 
the indications for their use. The Public Health Service and 
the American Academy of Pediatrics publish general recom
mendations for vaccination but have given limited advice 
for ‘ special groups such as pregnant women* Because many 
effects of diseases and of vaccines on the pregnant woman 
or her fetus are unknown, this compilation of current in
formation will be subject to change.

A fundamental assumption behind these guidelines is 
that the use of vaccines during pregnancy should be limited 
to a few defined situations. Live-virus vaccines, in particu
lar, should not be given except when susceptibility and ex
posure are highly probable and the disease to be prevented 
is more hazardous than vaccination for the woman or fetus.

The vaccines discussed are of 4 types: toxoids, killed 
bacterial and viral vaccines, live-virus vaccines, and im
mune serum globulin preparations. Toxoids are prepara
tions of chemically altered bacterial exotoxin, killed vac
cines contain heat-inactivated or chemically inactivated 
microorganisms, and live-virus vaccines are strains of virus 
selected for their reduced virulence. This lowered virulence 
may be a selected property of the virus or may be produced 
by serial passages of the wild virus in tissue culture (atten
uation). In all cases, the vaccine shares sufficient antigenic 
properties with the infectious agent to stimulate protective 
immunity without producing significant illness. The fourth 
type of vaccine, immune serum globulin, is a protein 
fraction of human plasma .that can produce transient, 
passive antibody protection in the recipient. Pooled gamma 
globulin is useful for protection against hepatitis, measles, 
tetanus, or rabies when possibly significant exposure has oc
curred or will soon occur and when available active vaccines 
are used as recommended.

A systematic approach toward vaccinating women of 
childbearing age is needed in order to protect both the 
woman and her fetus from preventable, serious diseases 
while avoiding the risk that accompanies unnecessary or 
hazardous vaccination. The series of factors listed below 
should be weighed by the health-care provider who con
siders vaccinating any adult female patient.

Confirmation of Pregnancy
It should first be determined whether the woman is 

pregnant. Because of the theoretical risk to the fetus, 
females of childbearing age should receive measles, rubella, 
and mumps vaccines only if they are not pregnant and 
understand that they should not become pregnant for 3 
months after vaccination. In view of the importance of 
protecting this age group against measles and rubella,

asking women if they are pregnant, excluding those who 
are, and explaining the theoretical risks to the others are 
reasonable precautions.

Determination of Susceptibility
If the -woman is pregnant, it should be determined 

whether she is susceptible to the particular vaccine-prevent
able disease. A thorough history of illness and of previous 
vaccinations may reveal that the patient is immune and 
therefore does not need to be vaccinated. A history of 
physician-diagnosed measles or documentation of measles 
vaccination is usually a reliable indicator o f immunity. 
However, if the history is in question, serologic testing, 
when practical, can be used to determine susceptibility. Un
fortunately, at this time, serologic tests are not readily 
available for most vaccine-preventable diseases other than 
rubella.

Risk of Exposure
The third factor to be weighted is the patient’s risk of 

exposure to a disease. During pregnancy, it is preferable 
to reduce exposure when possible rather than to vaccinate 
with live-virus vaccines. A pregnant woman can avoid 
certain diseases by not entering areas in which these 
diseases are endemic. In particular, she can be advised 
against travel in areas with endemic plague or yellow fever 
unless she was vaccinated against these diseases before 
becoming pregnant. In addition, sanitary precautions will 
decrease the chance of exposure to typhoid, cholera, and 
hepatitis. Obviously it is not feasible to prevent exposure to 
diseases endemic in the United States, such as rubella or 
measles, or to periodically epidemic diseases, such as 
influenza. However, an epidemic in this country of a cur
rently rare disease, for example poliomyelitis, might signi
ficantly alter a woman’s chance of exposure and therefore 
alter the decision about vaccination.

Once it has been determined that exposure is likely or 
unavoidable, the hazards of the disease must be balanced 
against the potential deleterious effects of vaccination.

Risk from Disease
If the woman is pregnant, susceptible, and at risk of ex

posure, it is important to assess the potential morbidity 
and mortality caused by the disease for the pregnant 
woman and the fetus. Pregnancy may significantly alter the 
rate at which some complications occur and the health
care provider must be aware of special problems that preg
nancy may impose. In the case of tetanus, for example, the 
high morbidity and mortality do not change during preg
nancy. Because poliomyelitis has been reported to produce 
paralysis more frequently during pregnancy ..vaccination is
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recommended when the risk of exposure is high. Tetanus 
toxoid should be given to all susceptible pregnant women.

Risk from Vaccines
Once the above factors have been considered, the vac

cine must be assessed in terms of its effectiveness in con
ferring immunity and its potential for complicating preg
nancy. Data on effectiveness exist for most of the agents 
listed in Table 1. Cholera vaccine is notable for the poor 
or transient immunity it confers, and influenza vaccine 
provides protection for only about a year. The other vac
cines discussed have been shown to produce stable im
munity for over 90% of vaccinees.

Little information is available on the deleterious effects 
that vaccines may have on the fetus. Rubella vaccine has 
probably been the most thoroughly studied in this regard. 
A total of 84 women known to be susceptible who received 
rubella vaccine shortly before becoming pregnant or early 
in pregnancy were followed to term. All the infants were 
clinically normal, though 2 had serologic evidence of rubella 
virus infection. The risk that rubella vaccine virus will cause 
congenital deformity therefore appears to be less than 5%, 
considerably less than the risk from the disease itself.

Nevertheless, p^gnancy is a contraindication to rubella 
vaccination, as well as'to measles and mumps vaccination, 
because of the theoretical risk of damage to the fetus. In 
general, killed vaccines may be the least threatening, al
though their actual effects are unknown, and exaggerated 
febrile responses by the mother may also pose some risk.

Although live measles vaccine should not be given to a 
pregnant woman, immune serum (gamma) globulin will 
usually protect a susceptible person from measles if given 
within 48 hours after exposure. It is important to ad
minister the globulin when indicated, because measles has 
been reported to cause up to 50% of infected pregnant 
women to abort. On the other hand, pooled gamma 
globulin has not been shown to prevent infection after 
exposure to rubella or mumps.

Immune Serum Globulins
Immune .serum (gamma) globulin preparations are avail

able for persons exposed to or anticipating exposure to 
measles, hepatitis A, hepatitis B, tetanus, or rabies. Some of 
these preparations are prepared from high-titer immune 
globulin pools and are marketed as hepatitis B immune 
globulin, tetanus immune globulin (humna), and? rabies im
mune globulin (human). Globulin preparations provide 
passive (and thus temporary) protection only.

Indications for using these preparations are the same for 
pregnant and nonpregnant women. These and other human 
immune serurti globulin preparations, although not to be 
used indiscriminately, pose no known threat to the preg
nant woman or her fetus.

Vaccinia immune globulin, previously available fo r  use 
with smallpox vaccination, is no longer available.

For 2 reasons, immune serum globulin is not the best 
therapy for pregnant women exposed to rubella infection: 
1) subclinical infection may still occur, with attendant risk 
to the fetus, and 2) the passively acquired antibody will 
hinder accurate serologic diagnosis of rubella infection.

Table 1 summarizes information on vaccine-preventable 
diseases in terms of the 5 categories outlined above. Using 
the approach described, the health-care provider should 
be better able to decide whether a specific vaccine is in
dicated for a pregnant patient. If the information available 
is inadequate or further questions arise, the health-care 
provider should seek advice from local or state health 
authorities or from infectious disease specialists.

In order to improve knowledge about adverse effects of 
live-virus vaccines given to pregnant women, situations in 
which pregnant women are inadvertently vaccinated should 
be reported to the Immunization Division, Bureau of State 
Services, Center for Disease Control (404-329-3741). 
Women who become.pregnant within 3 months after such 
vaccination may also be at risk, and such occurrences 
should also be reported.

Inquiries for additional information or requests for con
sultation for specific problems can also be directed to the 
Immunization Division.

Table 1. Information on vaccination during pregnancy, by vaccine type

RISK FROM 
DISEASE TO 
PREGNANT
FEMALE

RISK FROM 
DISEASE TO 
FETUS OR 
NEONATE

VACCINE
RISK FROM 
VACCINE 
TO FETUS

INDICATIONS 
FOR VACCI
NATION DURING 
PREGNANCY

DOSE/
SCHEDULE

/
COMMENTS

UVE VIRUS VACCINES: 
MEASLES Significant 

morbidity, 
low mortality, 
not altered 
by pregnancy.

Significant 
increase in 
abortion rate. 
May cause 
malformations.

Live-
attenuated
virus
vaccine.

Non
confirmed.

\  Contraindicated. 
See immune 
serum 
globulins.

Single
dose.

—  —

RUBELLA Low. morbidity 
and mortality, 
not altered 
by pregnancy,

«

High rate of 
abortion and 
congenital 
rubella 
syndrome" In 
first trimester.

Live- i 
attenuated 
virus 
vaccine.

None
confirmed.

Contraindicated. Single
dose.

Teratogenicity 
of vaccine 
suspected 
but not 
confirmed.
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Table 1. Information on vaccination during pregnancy, by vaccine type (Continued)

RISK FROM RISK FROM
DISEASE TO DISEASE TO
PREGNANT FETUS OR
FEMALE NEONATE

INDICATIONS
RISK FROM FOR VACCI-

VACCINE VACCINE NATION DURING DOSE/
___ __________ TO FETUS PREGNANCY SCHEDULE COMMENTS

MUMPS Low morbidity Questionable Live- None Contraindicated.and mortality, association with attenuated confirmed.
not altered flbroelastosii virus
by pregnancy. in neonates. vaccine.

SMALLPOX

YELLOW
FEVER

RABIES

INACTIVATED VIRUS 
VACCINES: 
POLIOMYELITIS

INFLUENZA

INACTIVATED BACTERIAL 
VACCINES:

Mortality 
increased to 
90% during 
pregnancy 
(variola 
major).

Possible
increased
abortion rate.
Congenital
smallpox
reported.

Live-
vaccinia
virus.

Rare 
cases of 
congenital 
vaccinia

Significant 
morbidity and 
mortality, 
not altered 
by pregnancy.

Unknown. Live-
attentuated
virus
vaccine.

None
confirmed.

Near 100% 
fatality not 
altered by 
pregnancy.

Determined 
by maternal 
disease.

Killed virus 
vaccine.
Rabies immune 
globulin.

None
confirmed.

Contraindicated, Single Disease has
Avoid in dose. been eradicated.
pregnancy Only use is for
except for those exposed to
unavoidable variola virus in
exposure. the laboratory,
Contraindicated Single Postponing
except for dose. travel
unavoidable perferable
exposure. to vacci

nation.
Pregnancy does Consult __
not alter public
indications for health
prophylaxis. authorities
Each case must for indi
be considered cations and
individually. dosage.

No increased Anoxic fetal Trivalent
incidence in damage live-
pregnancy, reported. 50% attenuated
but may mortality in virus (Sabin)
increase risk neonatal % and inacti
of more se disease. vated (Salk)
vere disease. vaccine8.

Possible Possible Inactivated
increase in increased type A and
morbidity and abortion type B virus
mortality dur rate. No vaccines.
ing epidemic malformations
of new anti
genic strain.

confirmed.

None
confirmed.

None
confirmed.

Not routinely Trivalent Vaccine
recommended for Primary indicated
adults in USA. series of for sus
Immunize aU 3 doses at ceptible
persons at 1-2 month women
increased risk intervals, travelling
of exposure. or booster in endemic

dose. areas.
Usually Primary: Criteria for
recommended 2 doses vaccination of
only for 4-weeks pregnant women
patients with apart in same as for
serious under early fall for nonpregnant
lying diseases. those under population.
Consult public 27 years;
health authori single dose?
ties for current for those >27.
recommendation. Booster:

Single
dose.

CHOLERA Significant 
morbidity and 
mortality, 
not altered 
by pregnancy.

Unknown. Killed
bacterial
vaccine.

None
confirmed.

Only to meet 
international 
travel
requirement!

2 injec
tions 4-8 
weeks 
apart

Vaccine 
of low 
efficacy.

TYPHOID Significant 
morbidity and 
mortality, 
not altered 
by pregnancy.

Unknown. Killed
bacterial
vaccine.

None
confirmed.

Not recommended 
routinely except 
for close con
tinued exposure 
or travel to 
endemic areas.

Primary 
immuniza
tion:-2 
infections 
4 weeks 
apart. 
Booster: 
Single 
dose.

PLAGUE . Significant 
morbidity and 
mortality, 
not altered 
by pregnancy.

Unknown Killed
bacterial
vaccine.

None
Confirmed.

Very selective 
vaccination of 
exposed persons.

Consult 
public 
health 
authorities 
for indica-

—

tions and
dosage.

t
t

\
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Table 1. Information on vaccination during pregnancy, by vaccine type (Continued)

RISK FROM 
DISEASE TO 
PREGNANT 
FEMALE

RISK FROM 
DISEASE TO 
FETUS OR 
NEONATE

VACCINE
RISK FROM 
VACCINE 
TO FETUS

INDICATIONS 
FOR VACCI
NATION DURING 
PREGNANCY

DOSE / 
SCHEDULE COMMENTS

MENINGOCOCCUS No Increased 
risk during 
pregnancy. 
No increase 
in severity 
of disease.

Unknown Killed
bacterial
vaccine.

No data 
available 
on use 
during 
pregnancy.

Pregnancy does
nor alter
indications.
Vaccinated
only In unusual
outbreak
situations.

.Consult
public
health
authori
ties.

—

PNEUMOCQCCUS No Increased 
risk during 
pregnancy. 
No Increase 
in severity 
of disease.

Unknown. Killed
bacterial
vaccine.

No data 
available 
on use 
during 
pregnancy.

Pregnancy does 
not alter 
indications. 
Vaccine used 
only for 
particular 
high-risk 
individuals.

Consult
pubUo
health
authori
ties.

...

TOXOIDS!
TETANUS-
DIPHTHERIA

Severe
morbidity 
Tetanus 
mortality 
60%, diphthe
ria mortality 
10% unaltered 
by pregnancy.

Neonatal
tetanus
mortality
60%

Combined 
tetanus 
diphtheria 
toxoids 
preferred: 
request adult 
Td from- 
pharmacist.

None
confirmed,

Lack of primary 
series, or no 
booster within 
past 10 years.

Primary:
3 doses at
1-2 month
interval*.
Booster:
Single
dose,

Updating 
of immune 
status 
should be 
be part 
of ante
partum 
care.

IMMUNE SERUM 
GLOBULIN:

Morbidity and 
mortality not 
altered by 
pregnancy.

Congenital 
and/or 
neonatal 
disease known 
to be asso
ciated with 
hepatitis and 
measles; risk 
uncertain for 
others.

Immune serum 
globulin or 
specific 
globulin 
preparations.

None 
reported. 
See text: 
“Immune 
Serum 
Globu
lins."

Exposure 
or antici
pated 
exposure 
to measles, 
hepatitis A, 
hepatitis B, 
rabies, or 
tetanus.

See ' 
package 
insert of 
specific 
prepara
tion.

Does not 
provide 
active or 
lasting 
immunity.

•Inactivated polio vaccine (Salk) recommended for susceptible adults at increased risk.

In order to provide better knowledge about effects o f live-virus vaccines given 
during pregnancy, we ask that situations in which pregnant women axe inad
vertently vaccinated or in which women become pregnant within 3 months after 
vaccination be reported to the Immunization Division, Bureau of State Services, 
Center for Disease Control,.Atlanta, GA 30333 (TeL 404-329*3741).
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Immunization for 
Infants and Children

Table 1*
Recommended schedule for active immunization 

of normal infants and children

2 mo DTPl TOPV23
4 mo DTP TOPV
6 mo DIP 2b
1 yr Tuberculin Test2

15 mo Measles,^Rubella^ Mumps^
114 yr DTP TOPV
4-6 yr DTP TOPV

14-16 yr Td2 -repeat every 10 years

1 DTP-diphtheria and tetanus toxoids combined with pertussis 
vaccine.
a TOPV-trivalent oral poliovirus vaccine. This recommendation is

2 suitable for breast-fed as well as bottle-fed infants.
z b A third dose of TOPV is optional but may be given in areas of 

high endemicity of poliomyelitis.
3 Frequency of repeated tuberculin tests depends on risk of ex

posure of the child and on the prevalence of tuberculosis in the 
population group. For the pediatrician’s office or outpatient 
clinic, an annual or biennial tuberculin test, unless local circum
stances clearly indicate otherwise, is appropriate. The initial test 
should be done at the time of, or preceding, the measles immuni
zation.

4 May be given at 15 months as measles-rubella or measles-mumps- 
rubella combined vaccines.

5 Td-combined tetanus and diphtheria toxoids (adult type) for 
those more than 6 years of age, in contrast to diphtheria and 
tetanus (DT) toxoids, which contain a larger amount of 
diphtheria antigen. Tetanus toxoid at time o f injury: For clean, 
minor wounds, no booster dose is needed by a fully immunized 
child unless more than 10 years have elapsed since the last dose. 
For contaminated wounds, a booster dose should be given if 
more than 5 years have elapsed since the last dose.

Concentration and Storage of Vaccines 
Because the concentration of antigen varies in different products, 

the manufacturer’s package insert should be consulted regarding the 
volume of individual doses of immunizing agents.

Because biologies are of varying stability, the manufacturer’s 
recommendations for optimal storage conditions (e.g., temperature, 
light) should be carefully followed. Failure to observe these pre
cautions may significantly reduce the potency and effectiveness of 
the vaccines.
♦From the Report o f the Committee on Infectious Diseases, 
1977, 18th edition. Copyright American Academy of Pediatrics 
1977.

Table 2*
Primary immunization for 

children not immunized in eatly infancy1

Under 7 Years o f  Age

First visit
Interval after first visit

DTP, TOPV, Tuberculin Test

1 mo Measles, 2 Mumps, Rubella
2 mo DTP, TOPV
4 mo DTP, TOPV3

10 to 16 mo or preschool DTP, TOPV
Age 14-16 yr Td-repeat every 10 yr

7 Years o f  Age and Over

First visit
Interval after first visit

Td, TOPV, Tuberculin Test

1 mo Measles, Mumps, Rubella
2 mo Td, TOPV
8 to 14 mo Td, TOPV

Age 14-16 yr Td-repeat every 10 years

t Physicians may choose to alter the sequence of these schedules 
if specific infections are prevalent at the time. For example, measles 
vaccine might be given on the first visit if an epidemic is under way 
in the community.

2 Measles vaccine is not routinely given before 15 months of age 
(see Table 1).

3 Optional.

♦ From the Report o f  the Committee on Infectious Diseases, 1977, 
18th edition. Copyright American Academy of Pediatrics 1977.
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SECTION IV:
ACIP RECOMMENDATIONS



RECOMMENDATIONS OF THE 
IMMUNIZATION PRACTICES ADVISORY COMMITTEE

\

■I

Here are the most current recommendations of the Immunization Practices* 
Advisory Committee (ACIP) on the vaccines or diseases indicated below. 
These recommendations are frequently reviewed, and revisions or updates 
are published in the M orbidity and M ortality Weekly Report (MMWR). If 
you wish to be included on the MMWR mailing list to be sure you are kept 
abreast of future revisions, send your request to: Distribution Services, GSO, 
Center for Disease Control 1/SB-36, Atlanta, Georgia 30333.

□  General Recommendations on Immunization
□  BCG Vaccines
□  Cholera.Vaccine*
□  Diphtheria/Tetanus Toxoids/Pertussis Vaccine
□  Immune Globulins for Viral Hepatitis
□  Influenza Vaccine
□  Measles Prevention
□  Meningococcal Polysaccharide Vaccines
□  Mumps Vaccine
□  Plague Vaccine*
□  Pneumococcal Polysaccharide Vaccine
□  Poliomyelitis Prevention
□  Rabies Prevention
□  Rubella Vaccine
□  Smallpox Vaccine*
□  Typhoid Vaccine*
□  Typhus Vaccine*
□  Yellow Fever Vaccine*

* □  Vaccines for Selective Use in International 
Travel (collection of individual reprints)

The attached statements are current as of_________________ . Additional
copies may be ordered from: Public Inquiries, Center for Disease Control 
1/B63, Atlanta, Georgia 30333.

/✓
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Recommendation o f the Immunization 
Practices Advisory Committee (A CiP)

General Recommendations on Immunization

This revision o f  the  "General R ecom m enda tions on  Im m u n iza tio n "  represents an up 
dating o f  the 1976 sta tem ent, based on curren t know ledge a nd  experience. M ajor changes 
from  the  1976 s ta tem en t clarify th e  recom m endations on  sim ultaneous adm inistration o f  
vaccines a n d  em phasize the need  to  rep o rt adverse reactions to  vaccines.

IN TR O D U C TIO N
Certain basic principles underlie the immunization practices recommended for infants, 

children, and adults. Most of these principles depend on scientific knowledge about 
active and passive immunization. Others represent judgments of public health officials 
and specialists in clinical and preventive medicine. Thus, recommendations on immuniza
tion practices represent a balancing of scientific evidence of benefits and risks in order 
to achieve optimal levels of protection against infectious or communicable diseases.

M U LT IP LE -D O SE  V A C C IN E S
Some vaccines must be given in more than 1 dose for full protection. In recommend

ing the times and intervals for multiple doses, the Committee takes into account current 
risks from disease and the objective of inducing satisfactory clinical immunity. Intervals 
between doses that are longer than those recommended do not usually lead to a reduc
tion in final antibody levels. Therefore, it is not necessary to restart an interrupted series 
of vaccinations or to add extra doses.

S IM U LTA N EO U S A D M IN IS T R A T IO N  O F C E R T A IN  V A C C IN E S
Experimental evidence and extensive clinical experience are strengthening the scientific 

basis for giving certain vaccines at the same time. Most of the widely used antigens can 
safely and effectively be given simultaneously. This knowledge is particularly helpful 
when circumstances call for giving several vaccines at the same time—such as imminent 
exposure to several infectious diseases, preparation for foreign travel, or uncertainty that 
the patient will return for future vaccinations.

In general, inactivated vaccines can be administered simultaneously at separate sites. 
It should be noted, however, that when vaccines commonly associated with local or 
systemic side effects—such as cholera, typhoid, and plague vaccines—are given simultan
eously, the side effects theoretically could be accentuated. Generally, persons known to 
experience such side effects should be given these vaccines on separate occasions.

An inactivated vaccine and a live, attenuated-virus vaccine can be administered simul
taneously at separate sites, with the precautions that apply to the individual vaccines.

Previously it has been recommended that individual live-virus vaccines be given at 
least 1 month apart whenever possible. The reason for this was the theoretical congern 
that more frequent or severe side effects as well as diminished antibody responses might 
otherwise result. Field observations indicate, however, that simultaneous administration 
of the most widely used live-viru^vaccines has not resulted in impaired antibody response 
or increased rates of adverse reactions.
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Observation of children indicates that antibody responses to trivalent oral polio 
vaccine (OPV) given simultaneously with licensed combination measles-mumps-rubella 
vaccine are comparable to those obtained when the same .vaccines are given at different 
times. It is reasonable to expect .equivalently good immunologic responses when other 
licensed, combination, live attenuated-virus vaccines or their component antigens are 
given simultaneously with OPV.

Direct evidence on the response to simultaneous administration of diphtheria and 
tetanus toxpid and pertussis vaccine (D TP), O PV, and measles-mumps-rubella vaccines is 
lacking. However, field experience and antibody data regarding simultaneous administra
tion of either D TP  and measles vaccine or D TP and O PV  indicate that the protective 
response is satisfactory and that the incidence of side effects is not increased. There
fore, simultaneous administration of all of these antigens is feasible, particularly if there 
is doubt that the recipient will return to receive further doses of vaccine.

There is no evidence to indicate that simultaneous administration of individual mea
sles, mumps, or rubella antigens at different sites will yield different results from adminis
tration of the combined vaccines in a single site.

Simultaneous administration of pneumococcal polysaccharide vaccine and whole- 
virus influenza vaccine has been found to give satisfactory antibody response without 
increasing the incidence o f side effects. Although not yet studied, simultaneous adminis
tration of the pneumococcal vaccine and split-virus influenza vaccine may also be ex
pected to yield satisfactory results.

H Y P E R S E N S IT IV IT Y  TO  V A C C IN E  CO M PONENTS
Vaccine antigens produced in systems or with substrates that contain allergenic sub

stances—for example, those antigens derived from growing microorganisms in the em- 
bryonated eggs of chickens or ducks—may cause hypersensitivity reactions. These may 
possibly include anaphylaxis, when the final vaccine contains a significant amount of the 
allergen. Such antigens include those grown in eggs and used against typhus, rabies 
(duck embryo vaccine), and yellow fever. Vaccines with such characteristics should not 
be given to persons known to be hypersensitive to components of the substrates. Con
trary to this generalization, influenza vaccine antigens, although prepared from viruses 
grown in embryonated eggs, are highly purified during preparation and have only very 
rarely been reported to be associated with hypersensitivity reactions. Screening persons 
by history of ability to eat eggs without adverse effects is a reasonable way to identify 
those possibly at risk from influenza vaccination. Individuals with anaphylactic hyper
sensitivity to eggs should not be given influenza vaccine. Th is would include persons who 
upon ingestion of eggs, develop swelling of the lips or tongue or who experience acute 
respiratory distress or collapse.

Live-virus vaccines prepared by growing viruses in cell cultures are essentially devoid 
of potentially allergenic substances related to host tissue. No severe hypersensitivity 
reactions have been reported with the live, attenuated measles, mumps, or rubella vac
cines prepared from viruses grown in cell cultures. These vaccines can be given safely 
regardless of a history of allergy to eggs or egg protein. *

Vaccines, such as cholera, D TP, plague, and typhoid, that are derived from organisms 
grown in simple bacteriologic media, are frequently associated with local, and occasionally 
systemic, side effects, but they do not appear to be allergenic p e rse . They should not be 
given, however, to individuals who have experienced any serious side effects from them.

Some vaccines contain preservatives or trace amounts of antibiotics to which patients 
may be hypersensitive. Those giving vaccines should review carefully the information 
provided with the package insert before deciding whether the rare patients with known 
hypersensitivity to such preservatives or antibiotics can be vaccinated safely.
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ON A L T E R E D  IMMUNITY

Virus replication after administration of live, attenuated-virus vaccines may be en
hanced in persons with immune deficiency diseases, and in those with suppressed capa
b ilit y  for immune response, as occurs with leukemia, lymphoma, generalized malignancy, 
or therapy with corticosteroids, alkylating agents, antimetabolites, or radiation. Patients 
with such conditions should not be given live, attenuated-virus vaccines. Similarly, indi
viduals residing in the household of a susceptible immunocompromised individual should 
not receive OPV because vaccine viruses are excreted by the recipient of the vaccine and 
are communicable to other persons.

S E V E R E  F E B R IL E  ILLN E S S E S
Vaccination of persons with severe febrile illnesses should generally be deferred until 

these persons have recovered. This precaution is to avoid superimposing adverse side 
effects from the vaccine on the underlying illness or mistakenly identifying a manifesta
tion of the underlying illness as having been caused by the vaccine. The presence of minor 
illnesses such as mild upper-respiratory infections should not preclude vaccination.
L IV E  V A C C IN ES  AN D PR EG N A N CY

* On grounds of a theoretical risk to the developing fetus, live, attenuated-virus vaccines 
are not generally given to pregnant women or to those likely to become pregnant within 
3 months after vaccination. With some of these antigens, particularly rubella, measles, 
and nrfumps vaccines, pregnancy is a contraindication to the vaccination. With OPV  
and yellow fever vaccine, however, vaccine should be given if there is a substantial risk of 
exposure to natural infection. There is no convincing evidence of risk to the fetus from 
vaccination of pregnant women with inactivated viral vaccines, bacterial vaccines, or 
toxoids.

R E C E N T  AD M IN ISTRA TIO N  O F IMMUNE 
SERUM  G LO B U LIN  OR HYPERIM M UNE G LO B U LIN

Passively acquired antibody can interfere with the response to live, attenuated-virus 
vaccines. Therefore, administration of sqch vaccines should be deferred until approxi
mately 3 months after passive immunization. By the same token, immunoglobulins 
should not be administered for at least 2 weeks after a vaccine has been given, if possible. 
Inactivated vaccines are sometimes administered concurrently with passive antibody to 
induce active immunity, as is done for postexposure rabies prophylaxis.

REPO RTIN G  A D V E R S E  REA CTIO N S
All vaccines have been reported to cause some adverse effects. These range from minor 

local reactions to severe systemic illness such as paralysis associated with OPV. T o  im
prove knowledge about adverse effects, all severe reactions should be evaluated and 
reported in detail to local or state health officials and to the manufacturer.

Replaces previous recommendation on this subject, published in MMWR 197625:349-50,355.
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BCG Vaccines

IN TR O D U C TIO N
Tuberculosis cases and deaths in the United States have declined steadily since report

ing began in the 19th century. In 1977 there were approximately 30,000 reported cases 
and 3,000 deaths, for rates of 13.9 (cases) and 1.4 (deaths) per 100,000 population. These 
rates are 40% and 60% lower than the corresponding rates for 1967. The rate o f infection, 
judged by the prevalence of positive tuberculin skin tests, has also declined, particularly 
for susceptible groups, such as young children. The prevalence o f positive reactors among 
children entering school is now estimated to be 0.2%, and among adolescents, 0.7%. The 
current annual infection rate is estimated to be 0.03%, based on the prevalence among 
6-year-olds.

The incidence of tuberculosis cases varies broadly among different segments of the 
population and in different localities. Cases occur twice as frequently in males as in 
females. Rates increase sharply with age in both sexes and all races. More than 80% of 
reported cases are in persons over 25 years of age, most of whom were infected several 
years previously. Reported cases are generally typical post-primary pulmonary disease. 
The risk of'infection is greatest for those who have repeated exposure to persons with 
unrecognized or untreated sputum-positive pulmonary tuberculosis. Chemotherapy 
rapidly reduces the infectivity of cases.

Efforts to control tuberculosis in the United States are directed toward the early 
identification and treatment o f cases and preventive therapy with [soniazid for infected 
persons at high risk of developing disease. In this country, vaccine prepared from the 
Bacillus of Calmette and Guerin (BCG ) has been used mainly for selected groups of 
uninfected persons who live or work where they have an unavoidable risk of exposure to  
tuberculosis.

BCG  V A C C IN E S
B CG  was derived from a strain of M ycobacterium  bovis attenuated through years of 

serial passage in culture by Calmette and Guerin at the Pasteur Institute, Lille , France. It  
was first administered to humans in 1921.

There are many B CG  vaccines” available in the world today; all are derived from the 
original strain, but they vary in immunogenicity, efficacy, and reactogenicity. Variation 
probably has been the result of genetic changes in the bacterial strains; differences in 
techniques of production; methods and routes of vaccine administration; and characteris
tics of the populations and environments in which vaccine has been studied. Controlled 
trials—all conducted prior to 1955—of liquid vaccines prepared front different B CG  
strains showed protection ranging from 0  to 80%.

The vaccines now available ̂ n the United States differ from products used in the field 
trials in that additional culture ^passages have since taken place, and there have been 
various modifications in methods o f preparation and preservation. The efficacy o f these

current vaccines has not been demonstrated directly and can only be inferred.
Production standards for B CG  vaccines (Bureau of Biologies, Food and Drug Admin

istration) specify that they be freeze-dried products containing live bacteria from a docu
mented strain o f the Bacillus o f Calmette and Guerin. The strain must demonstrate various 
specified characteristics of safety and potency and be capable of inducing tuberculin 
sensitivity in guinea pigs and humans. (The assumed relationship between sensitivity and 
immunity^ias not been proven.)

Freeze-dried'vaccine should be reconstituted, protected from exposure to light, and 
used within 8  hours. *

V A C C IN E  U S A G E  
General Recommendations

Modem methods of case detection, chemotherapy, and preventive treatment can* 
be highly successful in controlling tuberculosis. Nevertheless, an effective BCG  vaccine 
may be useful under certain circumstances. In particular, B CG  may benefit uninfected 
persons with repeated exposure to infective cases who cannot or will not obtain or accept 
treatment.
Recommended Vaccine Recipients

1. BCG vaccination should be seriously considered for individuals, such as infants in 
a household, who are tuberculin skin-test negative {/) but who have repeated exposure 
to persistently untreated or ineffectively treated patients with sputum-positive pulmonary 
tuberculosis.

2. B CG  vaccination should be considered for groups in  which an excessive rate o f  new 
infections can be demonstrated and the usual surveillance and treatment programs have 
failed or are not feasible. Such groups might exist among those without a regular source 
of health care.

Adequate surveillance and control measures should be possible to protect groups such 
as health workers (2). However, some health workers may be at increased risk of repeated 
exposure, especially those working in institutions serving major urban population centers 
in which the endemic prevalence of tuberculosis is relatively high. BCG  vaccine should be 
considered when the frequency of skin-test conversion representing new infections (3) 
exceeds 1% annually.
Schedule

BCG should be reserved for persons who are skin-test negative to 5 TU * of tuberculin, 
PPD .t Those who receive BCG  should have a tuberculin skin test 2-3 months later. If 
that skin test is negative and the indications for B CG  remain, a second dose of vaccine 
should be given. Dosage is indicated by the manufacturer in the package labeling; one- 
half of the usual dose should be given to persons under 28 days old. If the indications 
for immunization persist, these children should-receive a full dose after attaining 1 year 
of age. v
Administration Technique

The World Health Organization recommends that B CG  be given by the intradermal 
route in order to provide a uniform and reliable dose. In the United States, however, 
vaccines for intradermal and for percutaneous administration are licensed, and vaccina
tion should be only by the route indicated in the package labeling.

'Tuberculin unit.
tPuritied protein derivative of tuberculin.

oo ’O fficial name: BCG Vaccine. 1 2
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BCG vaccine ha^ been associated with adverse reactions including severe or prolonged 
ulceration at the vaccination site, lymphadenitis, and—very rarely—osteomyelitis, lupoid 
reactions, disseminated B CG  infection, and death. Available data on adverse reactions do 
not necessarily,pertain to the vaccines currently licensed in the United States, and the 
reported frequency of complications has varied greatly, depending in part on the extent 
of the surveillance effort. For example, the frequency of ulceration and lymphadenitis 
has been reported to range from 1% to 10%, depending on the vaccine, the dosage, and 
the age of vaccinees. Osteomyelitis has been reported to occur in 1 per 1,000,000 vac- 
cinees, although limited information -indicates that with newborns it may be higher. 
Disseminated BCG infection and»death are very rare (1-10 per 10,000,000 vaccinees) and 
occuralmost exclusively in children with impaired immune responses.

P R EC A U T IO N S  A N D  C O N T R A IN D IC A T IO N S  
Altered Immune States

BCG for prevention of tuberculosis should not be given to persons with impaired 
immune responses such as occur with congenital immunodeficiency, leukemia, lymphoma, 
or generalized malignancy, and when immunologic responses have been suppressed with 
steroids, alkylating agents, antimetabolites, or radiation.
Pregnancy ’

Although no harmful effects of B CG  on the fetus have been observed, it is prudent to 
avoid vaccination during pregnancy unless there is an immediate excessive risk of unavoid
able exposure to infective tuberculosis.
Interpretation of Tuberculin Test

After BCG  vaccination, it is usually not possible to distinguish between a tuberculin 
reaction caused by virulent supra-infection and one resulting from persistent postvaccina
tion sensitivity. Therefore, caution is advised in attributing a positive skin test to BCG  
(except in the immediate postvaccination period), especially if the vaccinee has recently 
been exposed to infective tuberculosis.

Tuberculosis in Vaccinated Persons
Since full, lasting protection from B CG  vaccination cannot be assured, tuberculosis 

should be included in the differential diagnosis of any tuberculosis-like illness in a BCG  
vaccinee.
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S U R V E IL L A N C E

A ll suspected adverse reactions to B CG  should be carefully investigated and reported 
to health authorities. These reactions occasionally occur as long as a year or more after 
vaccination.
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Diphtheria and Tetanus Toxoids and Pertussis Vaccine 

IN TRO D U CTIO N
-  Routine immunization against diphtheria, tetanus, and pertussis in infancy or child

hood has been widely advocated and generally practiced in the United States for the past 
30 years. Its effectiveness is reflected in the marked decrease in cases and deaths from 
these 3 diseases.

D IP H T H E R IA
Reported cases of diphtheria in the United States remain at 200-300 annually with 

some variation due to a few focal epidemics. (In 1970, for instance, there were 435 cases.) 
While diphtheria is generally uncommon, localized outbreaks continue to occur in many 
parts of the United States. Many of the reported cases are severe, and 10% of respiratory 
diphtheria cases are fatal.

Although outbreaks of diphtheria in adults (including cutaneous diphtheria) are be
coming increasingly common in urban areas, most diphtheria cases occur in children. 
The majority of cases are in unimmunized or inadequately immunized persons. Diphtheria 
immunity does not prevent pharyngeal carriage of the organism, but it does significantly 
reduce the occurrence and severity of clinical disease. Antitoxin persists at protective 
levels for 10 years or more in adequately immunized persons.

T E T A N U S
Although its incidence in the United States has declined in recent years, tetanus re

mains an important health problem. In 1975. 102 cases of tetanus were reported. All oc
curred in unimmunized persons, partially immunized persons, or persons whose immuni
zation history was uncertain. More than half of the patients were 50 years of age or older.

Since the tetanus 'organism is ubiquitous and there is no natural immunity to the 
tetanus toxin, immunization is a universal necessity regardless of age. Immune pregnant 
women provide maternal antibodies to their infants, thus protecting them against neo
natal tetanus.

Tetanus toxoid has proved to be an excellent immunizing agent. It is highly effective 
and provides long-lasting protection. Hypersensitivity reactions are uncommon with 
primary immunization. They do occasionally occur in persons who have received an 
excessive number of booster injections.

P E R T U S SIS  -
The severe complications and high mortality from pertussis in infancy are the major 

reasons for immunization egrly in life. Pertussis is highly communicable, and attack rates 
, of up to 90% are reported-for unimmunized household contacts. Most cases occur in
ljj infants and young children. Irt 1972, a typical year, two-thirds of the reported pertussis
• deaths occurred in infants less than 1 year of age.

Cases and consequently deaths from pertussis have declined dramatically with increas
ingly widespread use of standardized pertussis vaccines beginning in the late 1940s.

Because the incidence, severity, and fatality of pertussis decrease with age, routine 
pertussis vaccination is not generally needed or recommended for persons 7 years of.age 
or older. (See " V A C C IN E  U SA G E.")
P R EP A R A T IO N S U S ED  F O R  IM M UNIZATION

Diphtheria and tetanus toxoids are prepared by formaldehyde treatment of the respec
tive toxics. Pertussis vaccine is a killed suspension of bacteria or a bacterial fraction.

The toxoids are available in both fluid and adsorbed forms. Comparative tests show 
that adsorbed toxoids induce higher antitoxin titers and more durable protection than 
fluid toxoid, although the rate of appearance of antibody is essentially equivalent Thus, 
adsorbed toxoids are preferable.

The toxoids and pertussis vaccine are available in various combinations and concen
trations for specific purposes. Three preparations are important for public health use:

1. Diphtheria and Tetanus Toxoids and Pertussis Vaccine (DTP)
2. Tetanus and Diphtheria Toxoids, Adult Type (Td)
3. Tetanus Toxoid (T)
All preparations contain comparable amounts of tetanus toxoid, but the diphtheria 

component in the adult type of tetanus toxoids (Td) is only about 10-25% of that in 
standard DTP.
V A C C IN E  U SAG E  
Primary Immunization

Age: F o r children 6  weeks through 6  years (up to the seventh birthday!, the manu
facturers' recommended dose of D TP should be given intramuscularly on 4 occasions, 
3 doses at 4- to 8-week intervals and a fourth dose approximately 1 year after the third. 
Ideally, immunization should begin at 2-3 months of age or at the 6-week check-up, if 
this is an established routine.

F o r schoolchildren and adults, a series of 3 doses of Td should be given intramuscularly 
with the second dose 4-8 weeks after the first, and the third dose 6 months to 1 year 
after the second. Td is considered the agent of choice for immunization of school-age 
children (above school-entering age) on the basis of data regarding its adequacy in primary 
immunization of older children and adults and because of increasing frequency of reac
tions to full doses of diphtheria toxoid with age.

With regard to adult immunity, prior military service should not be considered as a 
guarantee of diphtheria immunity since diphtheria toxoid was not regularly administered 
until the mid-1950s.

Dose: The concentration of antigens varies in different manufacturers' products. The 
package literature gives specific information on the proper volume of a single dose.

Booster Immunization
Age: F o r children 3  through 6  years (up to the seventh birthday  — preferably at the 

tim e o f entrance to kindergarten o r elem entary school), a single injection of the re
commended dose of D TP should be given intramuscularly.

Thereafter and fo r a ll other persons, the recommended dose of Td  should be given 
intramuscularly every 10 years. If a dose is given sooner as part of wound management, 
the next booster is not needed for 10 years thereafter. (See "Tetanus Prophylaxis in 
Wound Management.") More frequent booster doses are not indicated and may be asso
ciated with increased incidence and severity of side effects.
D IP H T H E R IA  A N T IT O X IN  FO R  C A S E  C O N T A C TS

All asym ptom atic, unim m unized  household contacts of patients with diphtheria 
should be managed with: 1) prompt prophylaxis using either an intramuscular injection 
of benzathine penicillin (600,000 units for persons less than 6 years of age and 1,200,000
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units for those 6  years o f age and older) or a 7-day course of oral erythromycin with 
bacteriologic cultures before and after treatment, 2) vaccination with diphtheria toxoid, 
and 3) daily surveillance for 7 days for evidence of diphtheria.

Where close surveillance of unimmunized household contacts is impossible, they 
should receive intramuscular benzathine penicillin, diphtheria toxoid, and, in addition, 
diphtheria antitoxin. Intramuscular benzathine penicillin is-preferred tooral erythromycin 
to avoid the problem of non-compliance with an oral drug regimen.. Diphtheria anti
toxin is .recommended because: 1) intramuscular penicillin is not totally effective in 
eradicating the organism; 2) antibiotics may not prevent development or progression of 
disease due to to x in ,3 ) the. factors that make surveillance difficult may contribute to 
delay in administering antitoxin-therapy should diphtheria develop, and 4) the first dose 
o f diphtheria toxoid in an unimm.unized person >does not result in protective levels of 
antitoxin.

Although some experts recommend diphtheria antitoxin routinely for asymptomatic, 
unimmunized, exposed persons, the risk o f allergic reactions to horse serum has ted 
others to recommend its more limited.use. The proportion of immediate hypersensitivity 
reactions in  adults receiving large doses of an equine antitoxin is reported to be 7% and 
of serum sickness reactions, 5%. This risk must be weighed against the risk of diphtheria 

"limmunized household contacts — about 20% before the antibiotic era — and.the risk 
i , death from diphtheria which increases significantly each day treatment with antitoxin 
is delayed.

The possible adverse effects of equine antitoxin and the severity o f diphtheria under
score the need for prompt investigation, antibiotic prophylaxis of contacts, and daily 
surveillance of diphtheria cases.

This recommendation fo r household contacts should also apply to other unimmunized 
diphtheria contacts whose exposures were unusually intimate (for example, mouth-to- 
mouih' resuscitation). "

T E T A N U S  P R O P H Y L A X IS  IN  W OUND M AN AG EM EN T
The physician often needs to consider active and passive immunization in managing 

a patient with a  wound. The decision should be based on the history of previous tetanus 
vaccinations and the condition of the wound.

Available evidence indicates that complete primary immunization with tetanus toxoid 
provides long-lasting, protective antitoxin levels. Few documented cases of tetanus have 
occurred in persons with adequate primary immunization. After a person is completely 
immunized, antitoxin persists at sufficiently high levels that in managing his or her 
wounds it is unnecessary to give booster injections more than every 5 years.

For some persons without a full series o f tetanus toxoid injections in the past, tetanus 
toxoid plus simultaneous passive immunization may be needed at the time of wound 
cleansing and debridement. A  guide to wound management is given in the table. It is 
based on observations that antitoxic antibodies develop rapidly following a dose of 
tetanus toxoid in persons who have previously received at least 2 doses. The condition of 
the wound further influences the recommended practice. For persons whose tetanus 
immunization is still incomplete following wound management, the remainder of the 
recommended series of toxoid injections should be given.

. If  passive immunization is to be used, tetanus immune globulin (T IG ) is the product 
of choice. It provides longer protection than does antitoxin of animal origin and causes 
no undesirable reactions. The currently recommended prophylactic dose of T IG  is 250 
units for wounds of average severity. When tetanus toxoid and T IG  are given concurrently, 
separate syringes and separate sites should be used. (Adsorbed Td  or tetanus toxoid is 
preferred over fluid toxoid for concurrent administration with T IG .)

3



Guide to tetanus prophylaxis in  wound management

History of 
tetanus 

immunization
Clean, minor 

wounds
AN other 
wounds

fdoses) Td TIG Td TIG
Uncertain Yes No Yes Yes
0-1 Yes No Yes Yes
2 Yes No Yes No1
3 or more Noa No No5 No
* Unless wound more than 24 hours old 
*Untess more than 10 years since last dose
* Unless more than 5 years since last dose
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Recommendation o f the Immunization 
Practices Advisory Committee (ACIP}

Immune Globulins for Protection Against Viral Hepatitis*

IN TR O D U C TIO N
-The term "viral hepatitis," as commonly used, applies to at least 3  clinically similar 

disease entities that are distinct in their virology, immunology, and epidemiology. Tw o of 
these diseases, hepatitis A  (formerly "infectious hepatitis") and hepatitis B (formerly 
"serum hepatitis"), have been recognized as separate entities since the early 1940s and 
account for most cases of viral hepatitis. The third one, "other hepatitis viruses" (non-A, 
non-B viral hepatitis), has only recently been identified as a separate entity and is a diag
nosis of exclusion once hepatitis A  and B have been ruled out by appropriate diagnostic 
tests. This diagnosis appears to encompass the majority of post-transfusion hepatitis cases 
in the United States today.

Immune serum globulin (ISG )t offers effective protection against the clinical manifes
tations of hepatitis A. Recent evidence also suggests that immune globulin preparations 
containing varying quantities of specific antibody against hepatitis B (anti-HBs) may be 
partially effective against this disease as well. A t the present time there is no evidence to 
suggest immune globulins are effective against non-A, non-B hepatitis. Clinically, it is 
extremely difficult to distinguish between individual cases of viral hepatitis. Classification 
is therefore dependent upon careful evaluation of epidemiologic evidence and the use of  
appropriate serologic tests.

Hepatitis A
Hepatitis A  is caused by infection with hepatitis A  virus (H AV), a small 27-nm virus 

that has not yet been fully characterized. Illness produced by ,HAV infection is character
istically of abrupt onset, with fever, malaise, anorexia, nausea, abdominal discomfort, and 
jaundice. Morbidity is age-related, with asymptomatic infection and anicteric illness pre
dominating in childhood. Mortality in clinical cases is quite low'(less than 1%). Trans
mission occurs primarily by the fecal-oral route under conditions of poor sanitation and 
close contact between infected persons, although common-source exposures via contami
nated food and water do occur. The incubation period of hepatitis A  is 15-45 days 
(average 25-30 days). H A V  has consistently been demonstrated in'the stools of infected 
persons/ with peak viral excretion occurring during the late incubation ‘and early pro
dromal phase of illness. Viral excretion falls o ff rapidly with the onset of jaundice. The  
period of .maximal infectivity occurs during the 2-week period before the onset o f jaun
dice. Viremia is of $hort duration, and a chronic blood carrier state for H A V  has not been 
demonstrated. H A V  is not a significant cause of post-transfusion hepatitis.

'This recommendation is in process, of revision at the time of this reprinting (March 1980). Once 
approved, thd revised Veriion will be published in MMWR, and reprints willbe available from Public 
Inquiries; CDC-T/663/ Atlanta, Ga. '30333.
tSee'section, “ Immune 'Globulins.“ The class of serum proteins of which ISG is an example are called 
immunoglobulins or immune globulins.
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Serum antibody against H A V  (anti-HAV) has recently been demonstrated by radio- 
immune assay, immune adherence hemagglutination, and complement-fixation techniques. 
Antibody remains detectable in serum for years and apparently confers life-long immun
ity to reinfection. Preliminary sero-epidemiologic studies have documented that hepatitis 
A  is a common infection in the United States with over half the population having sero
logic evidence of past infection by mid-adult life.

*
Hepatitis B

Hepatitis B is caused by the hepatitis B virus (H B V ), a 42-nm. double-shelled virus 
originally known as the "Dane particle." Tw o well defined antigen-antibody systems 
have been associated with the H BV  virion. Hepatitis B  surface antigen (HBsAg), formerly 
known as the "Australia antigen," is the antigen found on the surface of the virus and on 
the accompanying 22-nm spherical and tubular forms. Various subtypes o f HBsAg have 
been described and have proven to be useful epidemiologic markers o f infection.

Hepatitis B core antigen (HBcAg) is the antigen found within the core of the virus, and 
H B V  specific D N A polymerase and circular double-stranded D N A  have been associated 
with it. HBsAg can be identified in the serum 1-2 months after exposure and may persist 
for a variable period. The frequency of the chronic carrier state for HBsAg is variable but 
appears to be related both to the age at which infection is acquired and to the immuno
logic competence of the host. It has been estimated that as many as 10% of H BV  infec
tions result in chronic carriage of HBsAg. The carrier state can be completely asympto
matic, or, less commonly, it may be associated with active liver disease. White the carrier 
state appears to be important in perpetuating transmission of hepatitis B in a given 
population, recent evidence suggests that HBsAg carriers possess varying degrees of 
infectivity.

A  newly described antigen-antibody system, the "e" system, appears to be of value in 
identifying those HBV carriers who are most likely to develop active liver disease and to 
be efficient disseminators of infection. The presence o f HBeAg in the serum appears to be 
a marker for degree of infectivitiy and has been associated with active forms o f chronic 
liver disease and with a poor prognosis for the chronic HBsAg carrier.

Several routes o f exposure to H B V  have been documented. Based on available data, 
the principal modes of transmission include:

1. direct percutaneous inoculation by needle of contaminated serum or plasma or 
transfusion of infected blood or blood products;

2. non-needle, percutaneous transfer o f infected serum o r plasma such as may occur 
through minute skin cuts or abrasions;

3. introduction of infective serum or plasma on mucosal surfaces such as may occur 
through inadvertent introduction o f this material into buccal or ocular surfaces;

4. introduction of other known infective secretions such as saliva or semen into 
mucosal surfaces as through sexual contact; and

5. indirect transfer o f serum or plasma via vectors o r inanimate environmental surf-
faces. V

Experimental data suggest that airborne transmission o f infection is not important in 
virus transfer and that transmission of infection via an intestinal route does not occur.

The onset o f hepatitis B is generally insidious and consists o f  a variable combination of 
the following: anorexia, malaise, nausea, vomiting, abdominal pains, jaundice, as well as 
arthralgias and arthritis. Morbidity and mortality are variable and may be a function of 
H BV  dose and the age of the patient. Older individuals typically have higher mortality. 
The incubation period o f hepatitis B is characteristically long, ranging from 60-180 days 
(average 90 days).
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vo H EPA TITIS S U R V E ILLA N C E
Viral hepatitis has been a nationally reportable disease since 1952. In 1966 the report

ing system was changed to permit classification of cases into 2 categories: 1) hepa
titis A  and hepatitis unspecified and 2) hepatitis B. Since 1974 hepatitis A and hepatitis 
unspecified have been reported separately. From 1952 to 1966, the annual number 
of-reported viral hepatitis cases has varied. The lowest number of reported cases occurred 
in 1957 (14,922), flanked by major peaks in 1954 and 1961. After the 1961 peak 
(72,651), a decrease in reported cases occurred until the most recent low was reached in 
1966 (34,356).

For the period of separate reporting (1966-present), the incidence of hepatitis A  
peaked in 1971 (59,606) and has b^en declining since. For the 3 years for which figures 
are available for hepatitis unspecified, the rate has remained nearly constant. The inci
dence of hepatitis B has continued to rise during the period of separate reporting. In 
1966 there were 1,497 reported cases of hepatitis B (1.8 cases per 100,000 population), 
and in 1976 there were 14,850 cases (6.9 cases per 100,000 population). This repre
sents a 10-fold increase in the number of reported cases and an almost 4-fold increase in 
case rate.

Currently, the age group most vulnerable to viral hepatitis is young adults (20-24 
years), followed by the 15- to 19 and the 25- to 29-year-olds. For hepatitis A, there is a 
preceding but smaller peak in incidence in the 5- to 9-year olds. For hepatitis B immedi
ately evider\t are the lack of cases in persons less than 15 years old. All reported hepa
titis cases show an overall case-fatility rate of approximately 1.0%, a rate which increases 
with increasing age. The case-fatility rate appears to be similar for hepatitis A  and B. 
Since 1966, surveillance has revealed that the seasonal variation for viral hepatitis has 
diminished remarkably.

IMMUNE G LO BU LIN S
Immune globulins are sterile solutions for intramuscular use containing antibody 

derived from human blood. They are 16.5% protein obtained by cold ethanol fractiona
tion of large pools of blood plasma. ISG, one of the immune globulins, contains specified 
amount of antibody against diphtheria, measles, and one type of poliovirus and varying 
amounts of antjbody against hepatitis A and hepatitis B, depending on the preparation. 
Neither hepatitis A nor hepatitis B has been transmitted by immune globulins.

ISG  AND H EPA TITIS A
Numerous field studies during the past 2 decades have documented the protection 

against hepatitis A conferred by ISG administered before exposure and during the incu
bation period. Its relative effectiveness depends on timing and dose. When administered 
before or within 1-2 weeks after exposure to hepatitis A  in the appropriate dose, it 
prevents illness in 80-90% of those exposed. Also, because ISG may not suppress inappar- 
ent infection, long-lasting, natural immunity may result.

The decision to give ISG is based on assessing the possible hepatitis exposure. If the 
exposure could have resulted in infection, ISG should be given.

ISG should be given as soon as possible after a known exposure. Its prophylactic value 
is greatest when given early in the incubation period and decreases with time after expo
sure. The use of ISG more than 2 weeks after exposure or after onset of clinical illness is 
not indicated. i

Dosage
The dosage patterns of ISG in common use have been derived primarily from field and 

.clinical observations. The dose of ISG may vary with the setting in which it is used. 
In postexposure prophylaxis a dose of 0.02 ml per kilogram of body weight is recom-
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mended. In pre-exposure settings, the dosage varies not only with body weight but also 
with the length of time protection is needed. Specific dosages in specific settings are given 
below.

Postexposure Prophylaxis
Close personal contact: Close personal contact, as among permanent and even temp

orary household residents, is important in the spread of hepatitis A. Secondary attack 
rates are particularly high for children and teenagers. Rates are somewhat lower for 
adults, but illness tends to be more severe. ISG is recommended for all household con
tacts who have not already had hepatitis A.

School contacts: Although there is a high incidence of hepatitis A  among school-age 
children, contact at school is usually not an important means of transmitting this dis
ease. Routine administration of ISG is not indicated for pupil or teacher contacts of a 
patient. However, when epidemiologic study has clearly shown that a school- or class
room-centered outbreak exists, it is reasonable to administer ISG to persons at risk.

Institutional contacts: The conditions in institutions, such as prisons and facilities for 
the mentally retarded, favor transmission of hepatitis A. While sporadic cases do occur, 
periodic epidemics of disease are generally most common. The administration of ISG to 
residents and staff contacts of hepatitis A  cases may effectively limit the spread of 
disease.

Hospital contacts: Routine prophylactic administration of ISG to hospital personnel is 
not indicated. Emphasis should be placed on sound hygienic practices. Intensive, continu
ing education programs that point out the risk of exposure to hepatitis A  as well as 
recommended precautions should be directed toward hospital personnel who have close 
contact with patients or infective materials.

Office and factory exposure: Routine administration of ISG is not indicated for 
persons exposed in the usual office or factory situation to a fellow worker with hepa
titis.

Common-source exposure: When food, water, or other such vehicle is clearly identified 
as a common source of infection for multiple hepatitis cases, administration of ISG 
to others exposed to the same source theoretically could be expected to offer some 
degree of protection. In actual practice, however, the administration of ISG in this setting 
has not been shown to confer benefit. The apparent lack of efficacy of ISG appears to 
result from inherent delays in outbreak recognition with administration of ISG too late 
in the incubation period to significantly alter clinical manifestations of illness. Therefore, 
the use of ISG in this setting cannot be routinely recommended.

Pre-exposure Prophylaxis
Exposure to non-human primates: Sporadic cases and outbreaks of hepatitis have 

occurred among persons in close contact with recently imported non-human primates, 
primarily chimpanzees. Because of the similarity between chimpanzee-associated hepatitis 
and hepatitis A, prophylactic ISG has been used with apparent success in doses of 0.05 
ml/k of body weight administered every 4 months to those in dose contact with newly 
imported animals. Emphasis should also be placed on other measures, such as scrupulous 
hygienic practices, use of protective clothing, and limited human contact with the ani
mals.

Travelers to foreign countries: The risk of hepatitis A  for U.S. residents traveling 
abroad appears to be small. It varies with living conditions, the prevalence of hepatitis in 
the areas visited, and particularly the length of stay.

Travelers may^be at no greater risk than in the United States when their travel involves 
ordinary tourist routes and lasts less than 3 months. ISG is not routinely recommended in 
such instances. However, travelers to tropical areas and developing countries who bypass 
ordinary tourist routes may be at greater risk of acquiring hepatitis A. If ISG is admin-
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istered, the dosage should be 0.02 ml/k of body weight.
Travelers planning to stay 3 or more months in tropical areas or developing countries 

where hepatitis A  is common and where they may be exposed to infected persons and 
contaminated food and water are at greater risk of acquiring hepatitis. A  single injection 
of ISG in a dose of 0.05 ml/k of body weight is recommended for them.

For persons residing abroad in tropical areas or developing countries, the risk of 
hepatitis appears to persist. Experience has shown that regular administration of ISG 
offers at least partial protection against hepatitis. It is recommended that prophylactic 
ISG be repeated every 4-6 months at doses of 0.05 ml/k of body weight.

IMMUNE G LO BU LIN S AND H EPA TITIS  B
Early attempts to use ISG in the passive prophylaxis of viral hepatitis revealed this 

material to be of little or no benefit in the prevention of post-transfusion hepatitis. 
Based on early findings, passive immunization against hepatitis B was not generally 
recommended. The maj'ority of initial studies were, however, conducted before the dis
covery of HBsAg and the development of serologic procedures for detection of the 
variety of immunologic markers currently associated with HBV infection. Thus, in early 
post-transfusion study settings, the dose of presumed HBV inoculum was high, hepatitis B 
and non-B cases could not be accurately distinguished, and specific anti-HBs content of 
utilized immune globulin preparations could not be assessed.

In the United States over half of the lots of ISG manufactured before 1972 contained . 
no detectable anti-HBs, and, therefore, could not be presumed to be of any value in 
the prevention of hepatitis B. In contrast, most ISG manufactured subsequent to 1972 
has contained detectable anti-HBs for which some sjiecific effectiveness in passive prophy
laxis might be inferred. The development of serologic tests enabling accurate diagnosis of 
hepatitis B and measurement of the specific anti-HBs content of immune globulins has 
resulted jn re-evaluation of passive prophylaxis for this disease.

Unified interpretation of results of recent immune globulin prophylaxis studies has 
been rendered difficult by: 1) the use of immune globulin preparations of differing 
anti-HBs titers from a variety of manufacturers; 2) differences in dosage and timing of 
immune globulin administration; and 3) defects in design of some studies, the most 
important of which has been failure to include placebo controls.

In regard to anti-HBs titers of immune globulins, those of high anti-HBs titer (generally 
greater than 1:100,000 by passive hemagglutination [PH A ]) prepared from donor pools 
preselected for anti-HBs content are now generally designated as hepatitis B immune 
globulin (HBIG). Such material was compared, in several studies, with globulins of 
lower or no detectable anti-HBs content. In general, such latter globulins have been 
prepared from donor pools not initially preselected for anti-HBs content. It is important 
to note that the term HBIG refers to quantity of anti-HBs and npt to its presence or 
absence in the manufactured product. Thus, ISG may be expected to contain some 
anti-HBs — in the United States, this would generally have a titer >1:64 by PHA.

Studies of passivo immunization may be temporally divided into 2 categories, pre
exposure prophylaxis and post-exposure prophylaxis. An early randomized comparison 
of ISG cantainincf acmoderatertitef of anti-HBs with true placebo among military person
nel in a hepatitis. BLendetnuzateatorovided evidence that this globulin provided significant 
protection against disease, ia  at pre-exposure prophylactic setting where hepatitis B was 
presumably transmitted, by-cfbse-personal contact.

In a study irr a custodial institution of children who were experimentally inoculated 
with HBV, HBIG was found to have significantly greater protective effect in prevent
ing ensuing*hepatitis B than ISG with a low titer of anti-HBs when administered 4  hours 
after inoculation of virus. In this postexposure prophylactic setting, maximum effective
ness achieved .for HBIG was 70%. The incubation period was significantly prolonged when

s



hepatitis B did occur in the group given HBIG (mean of 118 days in comparison to 48 
days in the group given ISG). Also, the low titer globulin appeared to be partially effec
tive when compared to untreated controls.

It was against the background of evidence suggesting some effectiveness of ISG, but 
perhaps greater efficacy of HBIG, that subsequent trials of passive immunization against 
hepatitis B were undertaken. While none of these trials incorporated a true placebo 
control, they may be divided into 2 categories based on type of comparison groups used: 
those that incorporated ISG containing no detectable anti-HBs (placebo globulin) and 
those that compared the efficacy of HBIG to globulins with low to intermediate anti-HBs 
titers.

When compared to placebo globulin, HBIG has been found to be of significant value in 
pre-exposure prophylaxis of patients in hemodialysis units where hepatitis B is endemic 
and in postexposure prophylaxis of medical personnel following HBsAg-positive needle 
sticks, of sixiuse contacts of acute hepatitis B cases, and of infants born to HBsAg-posi
tive mothers.

Results are less clear in studies which have compared the relative efficacy of HBIG 
with ISG that has low tiers of anti-HBs. In a pre-exposure prophylactic study of new 
admissions to 3 institutions for the mentally retarded, HBIG and low anti-HBs titered 
immune globulins appeared to be equally effective in preventing hepatitis B when com
pared to an untreated control group. Furthermore, there was some evidence that individ
uals receiving low titered immune globulin may have developed active anti-HBs response 
in the absence of disease (passive-active immunity). In 2 large multicenter studies, the 
first involving pre-exposure prophylaxis of dialysis patients and staff, and the second, 
post-exposure prophylaxis of medical personnel exposed to HBsAg-positive needle sticks, 
the effectiveness of HBIG was compared to immune globulins of low and intermediate 
anti-HBs titer.

When the results of these studies were compared after 6 and 8 months of follow-up, a 
significant relative reduction in the incidence of hepatitis B'was observed in the HBIG  
treated individuals. However, at 9 and 12 months of follow-up, no statistically significant 
differences in the incidence of hepatitis B between the globulin groups could be observed 
due to the occurrence of late-onset cases in HBIG recipients. The pre-exposure study 
among dialysis patients and staff also provided additional evidence that administration of 
low titered globulin may have been associated with the development of passive-active 
immunity in recipients.

One recent study of ISG in postexposure prophylaxis has indicated that hepatitis B 
was prevented in infants who received this fnaterial within a week of birth to mothers 
who had experienced acute hepatitis B in the third trimester of pregnancy.

The above studies provide independent evidence’ for the efficacies of both ISG con
taining low titers of anti-HBs and of HBIG in both pre-exposure and postexposure pro
phylaxis of hepatitis B. With the exception of the previously cited experimental study of 
postexposure prophylaxis among children in a custodial institution, there is no statis
tically or epidemiologically convincing evidence of the superiority of HBIG over such ISG 
preparations under circumstances permitting these comparisons.

It has been proposed that the late-onset cases in HBIG recipients in the 2 multicenter 
studies were due to qfBxoosure at a time when the protective effect of HBIG had dimin
ished, thus masking an>nrerred relative superiority of HBIG over low anti-HBs titered 
globulins. It has also been proposed, however, that administration of HBIG itself prolongs 
the incubation period of hepatitis B for those cases which do break through after passive 
immunization.

Whereas there are no extant data to support the re-exposure hypothesis, there is 
convincing evidence cited above that HBIG does prolong the incubation period of hepa-
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titis B. Additional support for this interpretation is provided from a recent study in which 
hepatitis B incubation periods of 7 and 8 months were documented following HBIG  
administration. Further, it is difficult to explain, under circumstances of adequate 
randomization, as reported in the multicenter studies, an excess late re-exposure to HBV  
occurring in HBIG recipients only. On balance it seems likely that the late-onset cases in 
HBIG recipients in the multicenter studies were due, in part, to prolongation of the 
incubation period of hepatitis B. Therefore, the relative superiority of HBIG over ISG in 
these 2 studies cannot be convincingly affirmed.

In all studies reviewed to date there has been no evidence of infectivity of HBIG or 
ISG or of increased incidence of HBsAg carriage among infected individuals given anti- 
HBs containing globulins. Therefore, passive immunization for hepatitis B is considered to 
be safe. Efficacy of immune globulins in the prevention of hepatitis B varies from 40 to 
70%. For this reason, passive immunization should not replace other forms of infection 
control that can be expected to be more efficacious in the prevention of hepatitis. B. This 
is of particular significance for reducing disease in hemodialysis unit patients and staff. 
Data have shown that hepatitis B transmission may be virtually eliminated through 
appropriate environmental containment procedures involving early identification and 
segregation of HBsAg-positive individuals.

In cases of massive single exposure to HBV, such as accidental transfusion of HBsAg- 
positive blood or high-risk plasma derivatives, there are no available data from con
trolled studies which indicate that immune globulins containing anti-HBs may be effec
tive. Therefore, control of post-transfusion hepatitis B should be approached through 
elimination of HBsAg-positive transfused products by routine testing using the most 
sensitive available methods.

G U ID ELIN ES  FO R P R O P H Y LA X IS  OF H EPA TITIS  B
The following guidelines are believed to reflect the best available synthesis of current 

data. It is understood that these guidelines may be subject to change as new information 
becomes available. Use of ISG refers to lots of material which contain some anti-HBs 
detectable by PHA techniques. Lots of such material currently manufactured in the
United States may be reasonably expected to contain such antibody.

*
Postexposure Prophylaxis

Acute exposure: The major indication for use of HBIG is following a single acute 
exposure to a relatively large inoculum of HBV, such as occurs following accidental 
needlgstick or mucosal exposure to blood known to contain HBsAg. HBIG in a dose of
0.05-0.07 ml/k of body weight may be administered as soon as possible within a 7-day 
period after exposure, with .a second, identical dose administered 25-30 days after the 
first. If HBIG is not available, ISG can be given in the same dosage schedule.

Fetal exposure: Infants born to mothers with acute hepatitis B in the third trimester 
of pregnancy and HBsAg seropositivity at time of delivery may be given either HBIG or 
ISG within 7 days of birth. HBIG has been administered as a single dose of 0.13»ml/k of 
body weight. ISG has been similarly administered at a dose of 0.5 ml/k of body weight.

Pre-exposure Prophylaxis
Id certain end^nic settings where HBV transmission is known to occur and repeated 

chronic virus exposure is fully documented, passive immunization may be considered. In 
these situations, routine serologic monitoring of the HBsAg and anti-HBs status of candi
date persons should be a routine component of hepatitis prevention and control.
* Although HBIG has been shown in one study to prevent hepatitis B in spoused of 
individuals with acute H BV  infection, recommendations for passive immunization to 
prevent hepatitis B, presumably acquired by sexual or other such intimate contact, should
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await further estimates o f the magnitude of risk o f disease transmitted by these routes, as 
w ell as studies o f the relative prophylactic efficacies o f H BIG  vs. ISG .

Hem odialysis units: Passive immunization is not routinely recommended for staff and 
patients o f hemodialysis units. Rather, hepatitis B prevention and control should be 
based on routine serologic screening, as described above, as well as implementation o f 
hygienic measures. Under conditions where such hygienic measures cannot be imple
mented, passive immunization may be considered for anti-HBs-negative staff and patients. 
HBsAg-positive individuals should not be included. A ll passive immunization should be 
discontinued when evidence for endemic H BV transmission ceases to exist. Since there is 
no convincing evidence for a superior efficacy o f H B IG , and in order to take advantage of 
the possibility o f acquisition of passive-active im m unity, prophylaxis with ISG  may be 
preferred. A  dose o f 0.05-0.07 ml/k of body weight has been administered at 4-month 
intervals. Individuals receiving prophylaxis should be tested for anti-HBs prior to reim- 
m unization. Those found to be anti-HBs-positive may be removed from further prophy
laxis under presumption o f the acquisition o f active anti-HBs response.

Custodial institutions for the m entally retarded: Under conditions o f demonstrable 
H B V  transmission w ith repeated chronic virus exposure and where routine serologic 
m onitoring fo r HBsAg and anti-HBs status o f patients and staff is undertaken, passive 
im m unization o f anti-HBs-negative individuals can be considered. ISG  administered in 
the same dosage, at the same intervals, and under the same conditions for discontinuation 
as outlined fo r hemodialysis units may be preferred.

PRECAUTIONS
Immune globulin preparations should not be administered intravenously because o f 

the possibility o f severe hypersensitivity reactions.
Intram uscular administration of immune globulins rarely causes adverse .reactions. 

Discom fort may occur at the site of injection, especially w ith larger volume^. A  few 
instances o f hypersensitivity have been reported, but in view o f the very large numbers of 
persons who receive immune globulins, the risk is sm all. Antibody against gamma globulin 
may appear follow ing administration of immune globulins, although its significance is 
unknown. When immune globulin is needed, this theroretical consideration should not 
preclude Its adm inistration.

The induction o f immune complex disorders following the administration o f H BIG  to 
HBsAg-positive persons is a potential concern, but such reactions have not been observed. 
Althouc£i H BsAg testing o f potential H BIG  recipients is not mandatory, H BIG  should not 
know ingly be given to HBsAg positives.

Pregnancy is not a contraindication to using ISG  or H BIG  as recommended.

A  Selected Birfiography was published as part of this recommendation in MMWR 197726:442. 
Copies of this bM ography are available upon request.

8



A
C

IP R
tcom

m
cnditions

■fc

Recommendation o f the Public Health Service 
Advisory Committee on Immunization Practices

Influenza Vaccine

MAY 1979
Reprinted from MBAVR 
28:231-232. 237-239. 
1979

/

MTRQPUCTION
Influenza vim s infections occur every year in ttie United States, but they vary •ready 

in utfidenbe' and geographic distribution. Infections may be asymptomatic, or they m ay 
produce a spectrum of manifestations, ranging from mild upper respiratory infection  to' 
pneumonia and death. Influenza viruses A and B are responsible for only a portion o f all 
respiratory disease. However, they are unique in their ability to  cause periodic w ide
spread outbreaks of. febrile respiratory disease in both adults and children. Influenza 
epidemics are frequently associated with deaths in excess o f the number norm ally ex
pected. During the period from 1968 to 1979, more than 150.000 excess deaths are 
estimated to  have occurred during epidemics o f influenza A in the United States.

Efforts to  prevent or control influenza in the United States have been aimed at pro
tecting those 'at greatest risk o f serious illness or death. Observations during influenza 
epidemics have indicated that influenza-related deaths occur primarily among chronically 
ill adults and children and in  older persons, especially those over age 65 . Therefore, 
annual vaccination is recommended for these "high-risk" individuals.

Influenza A viruses can be classified into subtypes on the basis o f 2  antigens: hemag
glutinin (H) and neuraminidase (N). Four subtypes o f  hemagglutinin (HO-H3) and 2  sub- 
types o f neuraminidase (N1, N2) are recognized among viruses causing widespread disease 
among humans: Immunity to  these antigens reduces the likelihood o f infection and 
reduces the severity o f disease in infected persons. However, there may be sufficient  
antigenic variation within the same subtype over tim e (antigenic drift) that infection or 
immunization with 1 strain-may not induce immunity to  distantly related strains. A s a 
consequence, the antigenic com position o f the most current strains is considered kiSelect
ing the virus strain(s) to  be Included in the vaccine.

The.predominant influenza strain in the United States during 1978-79was A/Brazfl/78— 
a variant o f the H1N1 prototype A/USSR/77. This strain caused outbreaks m schools, 
colleges, and military- bases, as had been the case with the prototype strain . People 
o v er2 5  years-of age generally were not affected, presumably because o f previous infec
tion with antigenically related strains that had circulated throughout the world in the 
early 1950s. Strains o f the subtype H3N2 were not isolated in the United States, but 
other countries reported the isolation of both H1N1 and H3N2 strains. Since i t »  un
certain,which strain will predominate in the future, continued circulation erf strains 
related to  A /Texas/77 (H3N2) and A/Brazil/78 (H1N1) must be anticipated.
. Outbreaks caused by influenza B viruses occur less frequently than influenza A  epi
dem ics,,but influenza B infection can also cause serious illness or death. Influenza B 
viruses have shown much more antigenic stability than influenza A  viruses. Strains o f in
fluenza B that were isolated in 1978 and 1979 in the United States and elsewhere resem
bled the B/Hong Kong/5/72 virus.

INFLUENZA VIRUS VACCINE FOR 1979-80
Influenza vaccine for 1979-80* will consist of inactivated trivalent preparations o f  

antigens representative o f influenza viruses expected to be prevalent: A /Brazil/78 (H1N1). 
A/Texas/77 (H3N2), and B/Hong Kong/72. The formulation w ill contain 7  m iesagnm s 
o f hemagglutinin o f each antigen in each 0.5 ml dose. Persons 27 years and older wiH

"Official name; Influenza Virus Vaccine, Trivalent.
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require only 1 dose. Because o f lade o f previous contact w ith H tN I strains, persons lass 
than 27 who did not receive at least 1 dose o f the 1978-79 trivalent vaccine w ill require 
2  <*»»« o f the T979-80 vaccine. Those who received the 1978-79 vaccine w ill require only 
1 dose.fkw  vaccine w ill be ./aitab le as whole virion (whole-virus) and subviron (split-virus) 
preparations. Based on past data, split-virus vaccines have been associated w ith somewhat 
fewer ride effects than whole-virus vafacines in' children. Thus, only-split-virus vaccines 
are recommended for persons less than 13 years o f age. The vaccines prepared for the 
1978-79 respiratory disease season contained A/USSR/77 as the H1N1 component.
Because o f the antigenic similarities between the AAJSSR/77 and the A /Brazil/78 strains, 
the stocks o f vaccine remaining from last year may be used, until the expiration date, 
according to the instructions on the package insert.

VACCINE USAGE 
General Recommendations

Annual vaccination is strongly recommended for all individuals at increased risk o f ad
verse consequences from infections o f the lower respiratory tract. Conditions predisposing 
to  such risk include (1) acquired or congenital heart disease associated with altered 
circulatory dynamics, actual or potential (for exam ple, mitral stenosis, congestive heart 
failure, or pulmonary vascular overload); (2) any chronic disorder with compromised 
pulmonary function, such as chronic obstructive pulmonary disease, bronchiectasis, 
tuberculosis, severe asthma, cystic fibrosis, neuromuscular and orthopedic disorders with 
impaired ventilation, and residual pulmonary dysplasia follow ing the neonatal respiratory 
distress syndrome; (3) chronic renal disease with azotemia or the nephrotic syndrome;
(4) diabetes m eilitus and other m etabolic diseases with increased susceptibility to  infec
tion; (5) chronic, severe anemia, such as sickle cell disease; and (6) conditions which com
promise the immune mechanism, including certain malignancies and immunosuppressive 
therapy.

Vaccination is also recommended for older persons, particularly those over age 65 , ^
because excess m ortality in influenza outbreaks occurs in this age group.

In considering.vaccination o f persons who provide essential community services or 
who may be at increased risk o f exposure, such as medical care personnel, th e  inherent 
benefits, risks, and cost o f vaccination should be taken into account.

Table 1 summarizes vaccine and dosage recommendations by age group for 197980 .

TABLE 1 . Influenza vaccine* dosage, by age, 1979 8 0

Age weep Product Omega (ml) Number of doses

27 veers and older whole virion (whole virus] or 
sub virion (split virus)

O S 1

13-26 yens whole virion (whole virus) or 
subvirion (split virus)

0J5> 2**

3-12 yean subvirion (split virus) 0 5 2**

6-35 months*** subvirion (split virus) 0 2 5 2**

* Contains 7 re  ‘each of A/Brazil/78. A/Texas/77,8/Hong Kong/72 hemagglutinin antigens in each 
0.5m l.

"  4  weeks or more between dosas; both doses essential for good protection, unless the individual 
received at least 1 dose of 1978-79 vaccine.

" •  Based on limited data. Since the likelihood of febrile convulsions is greater in this age group, 
special care should be taken in weidiing relative risks and benefits.

2
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Us® in Pregnancy
Although the issue has been much discussed, only in the pandemics of 1918-19 and 

1957-58 has strohg evidence appeared relating influenza infections with increased mater
nal mortality. Although several studies have reported an increased risk of congenital 
malformations and childhood leukemia among children born to women who had influenza 
infection during pregnancy, other studie$fhave not shown an increased risk; the issue is 
not settled.

Physicians prudently limit prescription of drugs and biologies for pregnant women. 
However, no evidence has been presented to suggest that influenza vaccination of preg
nant women poses any special maternal or fetal risk. Furthermore, because influenza 
vaccine is an inactivated viral preparation, it does not share the theoretical risks that impel 
caution in the use of live virus vaccines. Taking the above uncertainites into account, physi
cians should evaluate pregnant women for influenza immunization according to the same 
criteria applied to otfiefr persons. (See V A C C IN E  U SA G E—General Recommendations.)

S ID E  E F F E C T S  A N D  A D V E R S E  REA C TIO N S  
• Recent influenza virus vaccines have 'been associated with few side effects. Local 

reactions, consisting of redness and induration at the site of injection lasting 1 or 2 days, 
have been observed in less than one-third of vaccinees. Three types of systemic reactions 
to influenza vaccines have been described.

1. Fever, malaise, myalgia, and other systemic symptoms of toxicity, although infre
quent, occur more often in children and others who have had no experience with influ
enza viruses containing tne vaccine antigen(s). These reactions, which'begin 6^12 hours 
after vaccination and persist 1-2 days, are usually attributed to the influenza virus itself 
(even though it is inactivated) and constitute most of the side effects of influenza vac
cination.

2. 'Immediate—presumably allergic—responses, such as flare and wheal or various 
respiratory expressions of hypersensitivity occur extremely rarely after influenza vac
cination. They probably derive from sensitivity to some vaccine component, most likely 
residual egg protein. Although current influenza vaccines contain only a small quantity 
of egg protein, on rare occasions they can provoke hypersensitivity reactions. Individuals 
with anaphylactic, hypersensitivity to eggs should not be given influenza vaccine. This 
would include persons who, upon ingestion of eggs, develop swelling of the lips or tongue 
or who experience acute respiratory distress or collapse.

3. Guillain-Barrg syndrome (GBS) is an uncommon illness characterized by ascending 
paralysis which is usually self-limited and reversible. Though most persons with GBS 
recover without residual weakness, approximately 5% of cases are fatal. Before 1976, no 
association of GBS with influenza vaccination was recognized. That year, however, GBS 
appeared in excess frequency among persons who had received the A/New Jersey/76 
influenza vaccine. For the 10 weeks following vaccination the excess risk was found to be 
approximately 10 cases of GBS for every million persons vaccinated—an incidence 5-6 
times higher than that in unvaccinated persons. Youqger persons {under 25 years) had a 
lower relative risk than others and also had a lower case-fatality rate. Preliminary analysis 
of data from GBS surveillance during the 1978-79 influenza season suggests that, injeon- 
trast to the 1976 situation, the risk of GBS in recipients of the 1978-79 vaccine was not 
significantly higher than that in non-vaccinees. Nonetheless, persons who receive influenza

< vaccine should be made aware of this possible risk as compared with the risk of influenza 
and its complications.
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Recommendation o f the Immunization 
Practices Advisory Committee (A CIP)

Measles Prevention

These revised A C IP  M easles Prevention recom m endations represent an effo rt to 
address m ore d ire ctly  som e o f  the k e y  issues in  m easles prevention and control.

The issues discussed in  previous statem ents on Measles * Vaccine (MMWR 25:359 - 
360, 365, 376, 1976) and M easles O utbreak C ontro l (MMWR 26:294 , 299, 1977) have 
been com bined in  th is statem ent The relative increase in  reported measles- cases in  
adolescents prom pted an extendon and clarification  o f  recom m endations fo r im m unize- 
don o f  adolescents, both m ales and females. The usefulness o f sch o o l im m unizadon  
requirem ents has been em phasized. The defin ition  o f  m easles susceptib/es and revac- 
cinadon recom m endations fo r them have been m ore clea rly  established.

INTRODUCTION
Measles (rubeola), is often a severe disease, frequently complicated by middle ear 

infection ox bronchopneumonia. Encephalitis occurs in approximately 1 of every 1,000 
cases; survivors often have permanent brain damage and mental retardation. Death, 
predominantly from respiratory and neurologic causes, occurs in 1 of every 1,000 re
ported rpeasles cases. The risks of encephalitis and death are known to be greater in 
infants, and suspected to be greater in adults, than in children and adolescents.

Measles illness during pregnancy increases fetal risk; Most commonly, this-involves 
premature labor and moderately increased rates of spontaneous abortion and of low birth 
weight 47). One retrospective study in an isolated population suggests that measles infec
tion in the first trimester of pregnancy was associated with an increased ratfrof congenital 
malformations (2).

Before measles vaccine was available, more than4O0,OOO measles cases were reported 
annually in the United, States. Since the introduction o f vaccine in 1963, the collaborative 
efforts o f professional and voluntary medical and public health organizations in vacci
nation programs have resulted in a 90% reduction in the reported incidence of measles. 
In 1977, 57,345 cases were reported* In the pre-vaccine era, the majority of measles cases 
occurred in preschool and young,school-age children. In 1977, more than 60% of cases in 
which the age was known occurred in persons 10 or more years old. More than 20% were 
reported in the 15- to 19-year-old age group.

With the highly effective, safe measles vaccines noto available, the degree of measles 
control in the United States depends largely on the effectiveness of the continuing qffort 
to vaccinate all susceptible persons who can safely be vaccinated.

M EASLES V IR U S VACCINE
1 Live measles virus vaccine* available in the United States is prepared in chick embryo 

cell culture. The vaccine virus strain primarily used at present has been attenuated beyond 
the level of the original Edmonston B strain and is therefore known as a further atten- 
uatect strain. Vaccine prepared with the further attenuated measles virus is generally

"Official name: Measles*Virus Vaccine, Live, Attenuated



preferred, in part because it causes fewer reactions than its predecessor, it is available 
in monovalent (measles only) form and in combinations: measles-rubella (MR) and 
measles-mumps-rubella (MMR) vaccines. A ll vaccines containing measles antigen are 
recommended for use at about 15 months of age. MMR is encouraged for use in routine 
infant-child vaccination programs. In all situations where measles vaccine is to be used, 
consideration should be given to using a combination vaccine when recipients are likely 
to be susceptible to rubella and/or mumps as well as to measles. Edmonston B measles 
vaccine is not available in combined form and is now rarely used.

Measles vaccine produces a mild or inapparent, non-communicable infection^Measles 
antibodies develop in at least 95% of susceptible children vaccinated at about 15 months 
of age or older with the current further .attenuated vaccine. Evidence now extending to 
15-year follow-up indicates that, although titers o f vaccine-induced antibodies are lower 
than those following natural disease, the protection conferred appears to be durable.

Vaccine Shipment and Storage
Failure of protection against measles may result from the administration of improp

erly stored vaccine. During shipment and storage prior to reconstitution, measles vaccine 
must be kept at a temperature between 2-8 C  (35.6-46.4 F ). It must also be protected 
from light, which may inactivate the virus.

V A C C IN E  U S A G E  
General Recommendations

Persons can be considered immune to measles only if  they have documentation of:
(1) Physician-diagnosed measles or laboratory evidence of measlgs immunity, or
(2) Adequate immunization with live measles vaccine when 12 or more months of age. 

'Most persons bom before 1957 are likely to have been infected naturally and generally 
need not be considered susceptible. A ll other children, adolescents, and adults are consid
ered susceptible and should be vaccinated, if  not otherwise contraindicated.
Dosage

A  single dose of live measles vaccine (as a monovalent or combination product) should 
be given subcutaneously in. the volume specified by the manufacturer. Immune serum 
globulin f IS G ) should N O T  be given with further attenuated measles virus vaccine. It

indicated only if  Edmonston B vaccine is used.

Age at Vaccination
Measles vaccine is indicated for persons susceptible to measles, regardless of age, 

unless otherwise contraindicated. Current evidence indicates that for a maximum rate 
o f seroconversion, measles vaccine should preferably be given when children are about 
15 months o f age. Whenever there is likely exposure to natural measles, infants as young 
as 6  months should be vaccinated. However, to ensure protection of infants vaccinated 
before 12 months of age, they should be revaccinated when they are about 15 months 
old. It is particularly important to vaccinate infants before they might encounter measles 
in day-care centers or other such environments.

Because of the upward shift in age distribution o f reported cases, the immune status of 
all adolescents should be evaluated. Complete measles control will require protection 
of all susceptibles; therefore, increased emphasis must be placed on vaccinating sus
ceptible adolescents and young adults. Susceptible persons include those who received 
inactivated vaccine or who were given live measles virus vaccine before they were 12 
months of age, as well as those who were never vaccinated or never had measles.

Revaccination o f Persons Vaccinated According to Earlier Recommendations
Persons vaccinated with live measles vaccine before 12 months of age and those vac

cinated at any age with inactivated vaccine (available from 1963 to 1967) should be
2
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Jg identified and revaccinated. Persons who are unaware of their age at vaccination or who 
were vaccinated prior to 1968 with a vaccine of unknown type should also be revac
cinated. in  addition, persons who received live measles vaccine in a series within 3  months 
o f ihactivated measles vaccine should be revaccinated.

Theresas been some confusion concerning the immunity of children vaccinated  against 
measles at 12 months of age. Th is is because some recent data have indicated a Slightly 
lower rate of seroconversion among children vaccinated at 12 months o f age than among 
those vaccinated at 13 months or later. Th is difference is not sufficient to  wan ant rou
tinely revaccinating persons in the forrher group; the vast majority are fully  protected. 
If, however, the parents o f a Child vaccinated when 12 to 15 months old request revac
cination for th e ‘child, there is no immunologic or safety reason to deny the request

Individuals Exposed to Disease *

Use o f vaccine: Exposure to measles is not a contraindication to vaccination. Available 
data suggest that live measles vaccine, if given within 72 hours o f measles exposure, may 
provide protection. If the exposure does not result in infection, the vaccine should induce 
protection against subsequent measles infection.

Use o f  ISG : T o  prevent or modify measles in  a susceptible person exposed less than 
6 days before, ISG', 0.25 ml/kg (0.11 ml/lb) of body weight, should be given (maximum  
dose—15 ml). ISG  may be especially indicated for susceptible household contacts of 
measles patients, particularly contacts under 1 year of age, for whom the risk o f compli
cations is * highest. Live measles vaccine should be given about 3  months later, when 
the passive measles antibodies should have disappeared, if the child is then at least 15 
months old. IS G  should n o t be used in  an attem pt to co n tro l m easles outbreak*.,

S ID E  E F F E C T S  A N D  A D V E R S E  R E A C T IO N S
Experience with more than 100 million doses of measles vaccine' distributed in the 

United States through early *1978 indicates an excellent record o f safety. About 5%-15%  
o f vaccinees fnay develop fever > 1 0 3  F  (>39.4 C) beginning about the sixth day after 
vaccination and lasting up to 5 days. Most reports indicate that persons with fever are 
asymptomatic. Transient rashes have been reported rarely. Central nervous system con
ditions including encephalitis and encephalopathy have been reported approximately 
once for every million doses administered. Limited data indicate that reactions to  vaccine 
are npt age-related.

Subacute sclerosing panencephalitis (SSPE) is a "slow virus" infection o f the central 
nervous system associated with a measles-like virus. Results from a recent study indicate 
that measles vaccine, by protecting against measles, significantly reduces the chance of 
developing S SP E  {3 ,4 ). However, there have been reports of S S P E  in children who did 
not have a history of natural measles but did receive measles vaccine. Some o f these 

'cases may have resulted from unrecognized measles illness in the first year o f life or 
possibly from the measles vaccine. The recent decline in numbers o f S S P E  cases in the 
presence o f careful surveillance is additional strong presumptive evidence o f a protective 
effect o f measles vaccination.
Revacctnation Risks

There is no evidence of enhanced risk from receiving live measles vaccine for one who 
has previously received live measles vaccine or had nteaSles. Specifically, there does not 
appear to be any enhanced risk of SSPE. The previously cited study showed n g  asso
ciation between S S P E  and either receiving live measles vaccine more than once or receiv
ing it after having had measles.
i On exposure to, natural measles, soma children previously inoculated with inactivated 

measles virus vaccine have developed atypical measles, sometimes with severe symptoms.

3



Reactions, such as local edema and induration, lymph adenopathy, and fever, have at times 
been observed when live measles virus vaccine was administered to recipients of inacti
vated vaccine. However, despite the risk of local reaction, children who have previously 
been given inactivated vaccine (whether administered alone or followed by a dose of live 
vaccine within 3  months) should be revaccinated with live vaccine to avoid the severe 
atypical form o f natural measles and to provide full and lasting protection.

P R E C A U T IO N S  A N D  C O N T R A IN D IC A T IO N S
Pregnancy: Live measles vaccine should not be given to females known to be pregnant. 

Thrsprecaution is based on the theoretical risk o f fetal infection, which applies to admin
istration o f any live virus vaccine to females who might be pregnant or who might become 
pregnant shortly -after vaccination. A lthou^i no evidence exists to substantiate this 
theoretical risk from measles- vaccine, concern about it has constrained measles vaccina
tion programs for'adolescent girls. Considering the importance of protecting adolescents 
and young adults against measles with its known serious risks, asking females if they are 
pregnant, excluding those who are, and explaining the theoretical risks to the others 
are reasonable precautions in a measles immunization program.

Febrile illness: Vaccination, of persons with febrile illness should be postponed until 
recovery . Minor illnesses such as upper respiratory infections, however, do not preclude 
vaccination.

AKerges: Live measles vaccine is produced in chick embryo cell culture. It has not 
been reported to be associated with allergic reactions and can be given to alt who need it, 
including persons with allergies to eggs, chickens, and feathers. Some vaccines contain 
trace amounts o f  antibiotics to.w hich patients may be allergic. Those administering 
vaccines should review the label information carefully before deciding whether patients 
with known allergies to such antibiotics can be vaccinated safely. Live measles virus 
vaccine does not contain penicillin.

Recent Acbninistratibn of ISG : Vaccination should be deferred for about 3 months 
after a  person has received ISG because passively-acquired antibodies might interfere with 
the response to the vaccine.

Tuberculosis: Tuberculosis may be exacerbated by natural measles infection. There 
is no evidence, however, that the live measles virus vaccine has such an effect. Therefore, 
tuberculin slcin testing need not be a prerequisite for measles vaccination. The value of 
protection against natural measles far outweighs the theoretical hazard of possibly exac
erbating unsuspected tuberculosis. If there is a need for tuberculin skin testing, it can be 
done on th e  day o f vaccination and read 48  to 72 hours later. If  a recent vaccinee proves 
to  have a positive skin test, appropriate investigations and, if indicated, tuberculosis 
therapy should be initiated.

Altered immunity: Replication of the measles vaccine virus may be potentiated in 
patients with immune deficiency diseases and by the suppressed immune responses that 
occur with leukemia, lymphoma, or generalized malignancy^ or with therapy with corti
costeroids, alkylating drugs, antfmetabolites, or radiation. Patients with such conditions 
should not be given live measles virus vaccine. Their risks of being exposed to measles 
may be reduced by vaccinating their close susceptible contacts. Management of such 
persons, should they be exposed to measles, can be facilitated by prior knowledge of 
their immune status.
Management o f Patients with Contraindications to  Measles Vaccine

If immediate protection against measles is required for persons for whom live measles 
virus vaccine is contraindicated, passive immunization with ISG , 0.25 ml/kg (0.11 ml/lb) 
o f body weight, should be given as soon as possible after known exposure (maximum
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dose—15 ml). It is important to note, however, that ISG, which will usually prevent 
measles in normal children, may not be effective in children with acute leukemia or other 
conditions associated with altered immunity.
Simultaneous Administration of Certain Live Virus Vaccines

See current A C IP  statement, "General Recommendations on Immunization."

M E A S LE S  C O N T R O L  
Ongoing Programs

The best means of reducing the incidence of measles is by having an immune popula
tion. Universal immunization as part of good health care should be accomplished through 
routine and intensive programs carried out in physicians' offices and public health clinics. 
Programs aimed at vaccinating children against measles at about 15 months of age should 
be established by all communities. In addition, all other persons, regardless o f age, thought 
to be susceptible should be vaccinated when they are identified, unless vaccine is other
wise contraindicated.

Official health agencies should take whatever steps are necessary, including develop
ment and enforcement of school immunization requirements, to assure that all persons in 
schools and day-care settings are protected against measles. Enforcement of such require
ments has been correlated with reduced measles incidence. - -

Measles outbreaks have been and continue to be reported from places where young 
adults are concentrated, such as colleges and military bases. Measles control in these 
places may require careful evaluation of susceptibility and vaccination of those who are 
susceptible.

Concept is often expressed because of observations during outbreaks that cases occur 
in persons with.a history of proper vaccination. Even under optimal conditions of storage 
and use, measles vaccine may have a 5% failure rate. A  90% or greater reduction in attack 
rates has been demonstrated consistently in appropriately vaccinated persons when 
compared to others. As greater numbers of susceptibles become vaccinated and as measles 
incidence is further reduced, there will be a relative increase in the proportion of cases 
seen among appropriately vaccinated persons.
Outbreak Control

The danger of a measles outbreak exists whenever a measles case is reported in a 
community. Once an outbreak occurs, preventing dissemination of measles depends on 
promptly vaccinating susceptible persons. Ideally, they will have been identified before 
the outbreak (by school record reviews, for example); if not, they must be quickly iden
tified.

Speed in implementing control programs is essential in preventing the spread of mea
sles. A ll persons who cannot readily provide a docum ented history of measles or of vac
cination with live measles virus vaccine when more than 12 months of age should be vac
cinated or excluded from school. If a person's measles immunity is in doubt, he/she 
should be vaccinated..

Ah effective means of terminating outbreaks and increasing rates of immunization 
quickly is to exclude from school all children of adolescents who cannot present valid 
evidence of immunity through vaccination or prior disease. Exclusion should include 
pupils who have been exempted from measles vaccinatibn because of medical, religious, 
or other reasons. Exclusion should continue until at least 2 weeks after the onset! of 
the last case of measles in the community. Less rigorous approaches such as voluntary 
appeals for vaccination have not been effective in terminating outbreaks.

ISG should not be used in an attempt to control measles outbreaks.

>o
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SURVEILLANCE
Known or suspected measles cases should be reported immediately to local health 

departments. Effective surveillance of measles and its complications can delineate in
adequate levels o f protection, further define groups needing special attention, and assess 
the effectiveness o f  control activities. Continuous and careful review of adverse reactions 
is also important. A ll serious reactions in vaccinated children should be evaluated and 
reported in detail to  local and state health officials as well as to the manufacturer.
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Recommendation o f the Immunization 
Practices Advisory Committee (ACiP)

Meningococcal Polysaccharide Vaccines

IN TR O D U C TIO N
Polysaccharide vaccines against diseases caused by Neisseria m eningitidis serogroups A  

and C  are now licensed in the United States. They are prepared as monovalent and as 
bivalent antigens. The purpose of ttiis statement is to summarize available information 
on these antigens and to offer general guidance regarding their role in the control of epi
demics of meningococcal disease in the civilian population of the United States.

M EN IN G O C O C C A L D IS E A S E
Meningococcal disease is endemic in the United States and throughout the world. It 

caused serious epidemics approximately-every 10 years from 1900 to 1945 in this coun
try. The fact that it also.regularly caused outbreaks among military recruits was a catalyst 
for the development of serogroup-specific vaccines.

During the last decade an estimated 3,000-6,000 cases a year of meningococcal disease 
occurred in the United States. From 1964 to 1968 and since 1972, the serogroup most 
often isolated from patients has been serogroup B. From 1969 through 1971 serogroup 
C was most common in the civilian and military populations. Serogroup A  was only 
rarely identified until the occurrence recently of small outbreaks in several cities of the 
Pacific Northwest. In'1971 the Armed ■ Forces began administering serogroup C  meningo
coccal polysaccharide vaccine routinely to all recruits. Since then, the incidence of men
ingococcal disease in the military has declined sharply, and serogroup C  disease has been 
virtually eliminated in that population.

Sulfa-sensitive serogroup B strains currently cause the majority of U.S. cases. Highest 
attack rates are in infants. Serogroup C  strains account for about one-third of cases. A l
though the highest age-specific attack rate for serogroup C  is also in infants, about 70% of 
serogroup C  cases occur in persons over 2 years old. More than two-thirds of all meningo
coccal disease occurs in patients less than 20 years old.

In recent years meningococcal disease in civilians has occurred primarily as single iso
lated cases or, infrequently, as small, localized clusters. Secondary cases occur more fre
quently in household contacts than in the general population, and appropriate antibiotic 
prophylaxis has been the principal means of reducing the risk for immediate contacts 
of cases.

M EN IN G O C O C C A L V A C C IN E S
Three meningococcal polysaccharide vaccines, monovalent A , monovalent C, and 

bivalent A-C vaccine*, are licensed for selective use in the United States. These vaccines 
are chemically defined antigens consisting of purified bacterial capsular polysaccharide, 
each inducing specific serogroup immunity. The duration of immunity conferred by each 
vaccine is unknown.

Serogroup A  vaccine was evaluated in 62,000 Egyptian schoolchildren 6-15 yeajs old 
and appeared to be highly effective and not to induce any serious side effects. When used 
to control an outbreak in Brazil, it appeared to be effective in all age groups beyond the

^Official names: Meningococcal Polysaccharide Vaccine, Group A; o r , Group C; o r , Groups A & C
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first year of life. Further confirmation of effectiveness was found in children of ages 3  
months-5 years in a vaccine trial carried out in Finland. Serogroup A  vaccine has also 
been used to control outbreaks in the United States in Portland, Seattle, Anchorage, and 
Fairbanks.

Serogroup C  vaccine has been given routinely to American military recruits since 
October 1971 .• More than 500,000 young adults have been vaccinated without significant 
adverse reactions. Serogroup C  vaccine has been studied in infants, preschool and school- 
age children, and adults. It elicited antibody in all age groups, although older children and 
young adults had the highest levels. Serogroup C  vaccine does not appear to be effective 
in children less than 2 years of age.
V A C C IN E  U SA G E  
General Recommendations

Routinely vaccinating civilians with meningococcal polysaccharide vaccines is not 
recommended because of insufficient evidence-of its value when the risk of infection is 
low. The serogroup-specific monovalent vaccines should be used, however, to control out
breaks of meningococcal disease caused by N. m eningitidis serogroup A  or C.

Vaccine may be of benefit for some travelers planning to visit countries recognized as 
having epiderinic meningococcal disease. Although cases among Americans traveling in 
such areas are rare, prolonged contact with the local populace could enhance the risk of 
infection and make vaccination a reasonable precaution.

Vaccination should be considered an adjunct to antibiotic chemoprophylaxis for 
household contacts of meningococcal disease cases .caused by serogroups A  or C. Th is is 
because half the secondary family cases occur more than 5 days after the primary ca se -  
long 'enough to yield potential benefit from vaccination if the antibiotic chemoprophy
laxis has not been successful.
Primary Immunization

For both adults and children, vaccine is administered parenterally as a single,dose in 
the volume specified by the manufacturer.
P R E C A U T IO N S  A N D  C O N T R A IN D IC A T IO N S  
Reactions

Adverse reactions to meningococcal vaccine are infrequent and mild, consisting princi
pally of localized erythema lasting for 1-2 days.
Pregnancy

The safety of meningococcal vaccines in pregnant women has not been established. On 
theoretical grounds, it is prudent not to use them unless there is a substantial risk o f in
fection.
EPID EM IC  C O N T R O L

In an epidemic of meningococcal disease due to serogroups A  or C, the population at 
risk should be identified. It should be delineated by neighborhood, census tract, or other 
reasonable boundary. If there is ample vaccine, all residents in that area should be vac
cinated. If not, persons expected or known to be at highest risk of disease by virtue of  
age, socioeconomic status, or area of residence should receive1 priority vaccination.
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Recommendation of the Immunization 
Practices Advisory Committee (ACIP)

Mumps Vaccine

This revised A C IP  recom m endation on m umps vaccine represents an updating o f the 1977 
recom m endation, based on cu rren t knowledge m id practice. M ajor changes include a 
dearer defin ition o f individuals to be vaccinated, a defin ition  o f susceptibles, and a state
m ent regarding the possible association o f m umps and diabetes

IN TR O D U C TIO N
Mumps is primarily a disease of young, school-age children; only about 15% of re

ported cases occur in adolescents and adults. It is generally self-limited, but it may be 
moderately debilitating. Benign meningeal signs appear in up to 15% of cases, but perma
nent sequelae are rare. Nerve deafness is one of the most serious of the rare complications 
involving the central nervous system (CNS).

Orchitis (usually unilateral) has been reported as a complication in up to 20% of 
clinical mumps cases in postpubertal males, although sterility is very rare. Symptomatic 
involvement of other glands and organs has been observed less frequently.

There are limited experimental, clinical, and epidemiologic data that pancreatic 
damage may result from injury caused by direct viral invasion. However, further research 
is indicated to determine whether mumps infection contributes to the pathogenesis of 
diabetes mellitus.

Naturally acquired mumps infection, including the estimated 30% of cases that are 
subclinical, confers durable immunity.

MUMPS V IR U S  V A C C IN E
Live mumps virus vaccine* is prepared in chick-embryo cell culture. Since it was 

introduced in December 1967, more than 40 million doses have been distributed in the 
United States. The vaccine produces a subclinical, non-communicable infection with 
very few side effects.

Parotitis'after vaccination has been reported rarely. Allergic reactiorls, including rash, 
pruritus, and purpura, have been associated temporally with mumps vaccination but are 
uncommon and usually mild and of brief duration. Very rarely, effects of C N S  involve
ment, such as febrile seizure;, unilateral nerve deafness, an<1 .encephalitis within 30 days 
of mumps vaccination, are reported. No deaths have been reported among patients with 
such complications, and almost all have recovered completely. It shquld be emphasized 
that reports of nervous system illness following mumps vaccination do not necessarily con
note an etiologic relationship between the illness and the vaccine. The frequency of CN S  
dysfunction following mumps vaccination is lower than the observed background inci
dence of CN S dysfunction in the normal population.

More than 90% of persons susceptible -to mumps develop measurable antibody which, 
although of considerably lower titer than that following natural infection, is protective 
and long-lasting. The duration of vaccine-induced immunity is unknown, blit observations

©
Official name: Mumps Virus Vaccine, Live.
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over 12 years of vaccine use indicate both continuing protection against infection and the 
presence of antibody.

V A C C IN E  U SA G E
(See also the current A C IP  statement, "General Recommendations on Immunization.")

X
General Recommendations

Susceptible children, adolescents, and adults should be vaccinated against mumps, 
unless vaccination is contraindicated. Persons can be considered susceptible to mumps 
unless they have documentation of 1) physician-diagnosed mumps or laboratory evidence 
of immunity, or 2) adequate immunization with live mumps virus vaccine when 12 or 
more months of age. Persons born before 1957 are likely td have been infected naturally 
and generally may be considered immune.

Since there is no evidence that persons who have previously either received the vaccine 
or had mumps are at enhanced risk from receiving live mumps vaccine,-testing for sus
ceptibility before vaccination is unnecessary. Furthermore, such testing is usually either 
unreliable (mumps skin test) or non-specific (complement-fixation antibody test). Those 
tests which are reliable (neutralization, E L IS A , and radial hemolysis antibody tests) are 
not readily available.

.Dosage: A  single dose of vaccine in the volume specified by the manufacturer should 
be administered subcutaneously.

Age: Live mumps virus vaccine is recommended for all children at any age after 12 
months. It should not be administered to younger infants because persisting maternal 
antibody may interfere with seroconversion. The vaccine may be administered either by 
itself or in combination with measles and/or rubella vaccines. The combined vaccine is 
preferred for routine use in  young children because of convenience and economy. When 
given in a combined vaccine that includes measles antigen, it should be administered 
when a child is about 15 months of age to achieve the maximum rate of measles serocon
version. Mumps vaccine can be of particular value for children approaching puberty and 
for adolescents and adults, especially males, who have not had mumps.
Use of Vaccine Following Exposure

When given after exposure to mumps, live mumps vaccine may not provide protection. 
However, if  the exposure did not result in infection, the vaccine should induce protection 
against subsequent infection.

Neither mumps immune globulin nor immune serum globulin (ISG) has been o f  
established value in postexposure prophylaxis, and neither is recommended.

P R E C A U T IO N S  A N D  C O N T R A IN D IC A T IO N S  
Pregnancy

Although mumps virus is capable of infecting the placepta and fetus, there is no good 
evidenge that it causes congenital malformations in humans. Mumps vaccine virus also has 
been shown to infect the placenta, but the virus has not been isolated from the fetal 
tissues jfram susceptible women who were vaccinated and underwent elective abortions. 
However, because of the theoretical risk of fetal damage, it is prudent to avoid vaccina
ting pregnant women.

Allergies
Live mumps vaccine is produced in chick-embryo cell culture. It has not been reported 

to be associated with allergic reactions, and there is no evidence to indicate it should not 
be given to persons with allergies to eggs, chickens, and feathers. Some vaccines contain
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o  trace amounts of antibiotics to which patients may be allergic. Those administering vac
cines should review the label information carefully before deciding whether patients with 
known allergies to such ’antibiotics can be vaccinated safely. Live mumps virus vaccine 
does not contain penicillin.
Recent Adm inistration o f Immune Serum Globulin

Passively acquired antibody can interfere with the response to live, attenuated-virus 
vaccines. Therefore, administration of mumps vaccine should be deferred until approxi- 
mately3 months after passive immunization.
Immune D eficiency C onditions

Live mumps virus vaccine should not be given to persons with severe febrile illness; 
those with congenital immunodeficiency; those with leukemia, lymphoma, or generalized 
malignancy; or those receiving immunosuppressive therapy.

> Other
There is no proven association between mumps vaccination and pancreatic damage or 

subsequent development of diabetes mellitus.

SURVEILLANCE
There is a continuing need to improve the reporting of mumps cases and mumps com

plications and to document the duration of vaccine effectiveness. Continuous and careful 
review of adverse reactions is also important. All severe reactions in vaccinated individuals 
should be evaluated and reported in detail to local or state health officials and to the 
manufacturer.
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