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Immunization Against
Infectious Disease

Active immunization programs are endangered
by complacency and litigation.

The purpose of this article is to ex-
amine the current status of immunization
against- infectious diseases in man, in-
cluding the relative importance of immu-
nization in the control of infectious dis-
ease in the United States in this century,
the efficacy and safety of vaccines, pres-
ent problems with immunization pro-
grams, and prospects for the future.

Types of Inmunization

There are two basic forms of immuni-
zation, passive and active. Passive im-
munization is the process by which
whole serum or the antibody-containing
fraction of serum from a human or ani-
mal known to be immune or hyper-
immune to the disease in question is ad-
ministered to a susceptible host. Passive

Edward A. Mortimer, Jr.

immunization is of use only when ex-
posure has just occurred or is imminent
within the next few days or weeks, for
the reason that the antibody proteins
transferred from one individual to anoth-
er are gradually broken down over a
period of weeks or at the most a few
months, and disappear. After their dis-
appearance, the individual is again sus-
ceptible to the disease.

Passive immunization has been useful
in the prevention of a few diseases. The
administration of human immune serum
globulin to a susceptible individual who
has been exposed to measles or to hepa-
titis A is associated with clear-cut pro-
tection. Some protection is also afforded
against hepatitis B and against polio-
myelitis. Antitoxin made in horses and in
man has some effect in preventing teta-
nus in a susceptible individual with a tet-
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anus-prone wound, and it is likely that
diphtheria antitoxin offers some pro-
tection against that disease. In other con-
ditions the benefits of passive immuniza-
tion are less clear.

Active immunization is the induction
of an individual’s own immunity by in-
oculation with the offending organism or
some part or product thereof that has
been treated in such a way as to induce
clinical immunity without producing the
full-blown disease. For five reasons ac-
tive immunization is superior to passive
immunization. First, the duration of pro-
tection, like that of the natural diseases,
is frequently lifelong. With others, length
of immunity is measured in years requir-
ing infrequent booster inoculations for
maintenance of protection. Second, pro-
tection is ever present and does not re-
quire recognition of exposure (in up to 50
percent of cases of tetanus in the past the
inciting wound was unnoticed or too triv-
ial to warrant attention). Third, with few
exceptions serious reactions to active
immunization are rare. With animal
serums employed in passive immuniza-
tion, serum sickness is frequent and im-
mediate anaphylactic shock occasionally
occurs; even with products of human
serums anaphylaxis has been reported.
Fourth, the protective efficacy of active
immunization exceeds that of passive
immunization, and in many instances ap-
proaches 100 percent. Fifth, active im-
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munization is less expensive than pas-
sive immunization, because vaccines are
cheaper to produce than are antiserums.

There are basically five different types
of preparations used for active immuni-
zation. The first of these consists of
whole organisms which are killed by heat
or chemically but retain the capacity to
induce immunity. Examples of such
killed vaccines include pertussis (whoop-
ing cough), typhoid, cholera, influenza,
inactivated poliomyelitis (Salk), and
killed measles vaccines. In general,
killed, whole vaccines have been consid-
ered to be less efficacious than other
forms of active immunization. Indeed,
cholera vaccine offers only about 50 per-
cent protection, and killed measles vac-
cine is no longer licensed because not
only does it offer less protection than live
measles vaccine but also it produces hy-
persensitivity to the measles virus, re-
sulting in untoward reactions to later nat-
ural disease or immunization with live vi-
rus. An exception to the general rule that
inactivated whole organism vaccines are
of limited effectiveness is inactivated po-
liomyelitis vaccine, the widespread use
of which in certain countries, such as
Sweden, has resulted in eradication of
the disease (1).

The second preparation used for ac-
tive immunization includes extracted
cellular fractions which have been
shown to be the antigens that induce
clinical immunity in man. Meningo-
coccal vaccine consists of the poly-
saccharide antigen of the cell wall, and
the recently licensed pneumococcal vac-
cine consists of the polysaccharide con-
tained in the capsule of the organism. Al-
though the duration of experience with
these two vaccines is limited, their effi-
cacy and safety appear to be high.

A third type of vaccine is the toxoid.
In both diphtheria and tetanus the mani-
festations of the disease are due to the
elaboration of a toxin by the organism.
Toxoids are made by inactivating large
amounts of toxin with formalin. Immuni-
zation with a toxoid thus produces anti-
bodies that, rather than acting upon the
organism itself, instead neutralize the
toxic moiety produced during infection.
Toxoids—especially that of tetanus—are
highly efficacious and safe immunizing
agents.

The fourth group of preparations for
active immunization includes the live, at-
tenuated viral vaccines. They are mea-
sles, mumps, rubella, live attenuated po-
liomyelitis (Sabin), smallpox, and yellow
fever vaccines. These vaccines consist
of organisms that have been passed re-
peatedly in the laboratory in tissue cul-
ture or chick embryos and have lost their
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capacity to induce the full-blown disease
but retain their immunogenicity. Some,
such as oral poliomyelitis, mumps, and
yellow fever vaccines, produce few or no
symptoms in inoculees; others may pro-
duce mild symptoms reminiscent of the
natural disease. In general, live attenu-
ated vaccines are highly efficacious in in-

death rate in 1900 was 17.2 deaths per
thousand population, whereas in 1970 it
was 9.5 per thousand, a reduction in
mortality of 45 percent (4).

Table 1 indicates that most of this de-
cline in mortality is due to diminution in
deaths caused by infectious diseases.
The reporting of causes of deaths in 1900

Summary. Mortality and morbidity from infectious diseases in the United States
have declined more than 90 percent since 1900. Factors believed to be responsible
for this decline include changes in the natural history of disease, sanitation, quaran-
tine measures, control of nonhuman vectors, antibacterial drugs, and immunization.
The contributions of each of these factors differ among the various infectious dis-
eases; except for smallpox and diphtheria control, immunization had little effect until
after World War II. The success of present and future immunization programs is en-
dangered by public and physician complacency and by complex legal and ethical
problems related to informed consent and responsibility for rare, vaccine-related in-

jury.

ducing lifelong immunity and with rare
exceptions are unassociated with com-
plications.

The fifth form of active immunization
is the induction of infection with a benign
organism that induces immunity not only
to itself but also immunity that ‘‘cross-
reacts’” and protects against a more se-
vere infection. Bacillus Calmette-Guérin
(BCQG), used to induce immunity to tu-
berculosis, is both cross-reactive and at-
tenuated. It was originally derived from
a strain of bovine tuberculosis which
was then passed repeatedly, over many
years, in laboratory culture. Indeed, the
first successful attempts to immunize
man by means of a cross-reactive orga-
nism occurred early in the 18th century
when it was found that the deliberate in-
fection of an individual with cowpox pro-
vided protection from smallpox. More
recently, it has been shown that certain
benign organisms, normal flora of man,
cross-react immunologically with certain
pathogenic organisms, such as pneumo-
cocci, meningococci, and Haemophilus
influenzae, type b (2). Not only is it pos-
sible that these normal flora are respon-
sible for some naturally acquired immu-
nity in man (3), but also they may afford
a new approach to immunization in the
future.

Control Measures in Infectious Diseases

What is the importance of immuniza-
tion, past and present, in the control of
infectious disease? In the United States
since the turn of the century life expec-
tancy has increased remarkably. Ex-
pected duration of life for individuals
born in 1900 was 47.3 years; in 1970 it
was 70.9 years (4). The age-adjusted

to 1904 was not strictly comparable to
that of 1970; moreover, causes in the
early 1900’s were recorded for only
about 40 percent of the U.S. population
(who resided in areas with death registra-
tion), whereas records are kept for the
entire population now. Nonetheless, ap-
proximately one-third of all deaths in
those early years were due to infectious
diseases, compared to about one of
every 25 in 1970 (¢).

Since the turn of the century the de-
crease in mortality has been most pro-
nounced in younger age groups. Table 2
shows changes in death rates that have
occurred in four representative age
groups. The mortality rate in children 1
to 4 years of age declined 96 percent be-
tween 1900 and 1970, whereas that in the
population aged between 65 and 74 years
declined by only a little more than a third
).

Table 3 shows that much of this
change in mortality in younger age
groups is due to a decrease in deaths
from certain infectious diseases, includ-
ing the common contagious diseases
of childhood, tuberculosis, meningitis,
pneumonia, and epidemic diseases such
as typhoid fever, plague, and smallpox
4). Table 3 compares the deaths that
would have been expected in children in
three age groups in 1973 if the 1900 death
rates from infectious disease and from all
causes had prevailed in 1973. Most of the
reduction in expected mortality in the
age group less than 1 year of age prob-
ably relates to better obstetrical and neo-
natal care; less than 25 percent of the
decrement can be attributed to the de-
cline in infectious disease mortality. But
in children older than 1 year of age, ap-
proximately two-thirds of the decreased
mortality can be attributed to a decline in
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Table 1. Crude death rates in the United States, 1900 to 1904 and 1970.

1900 to 1904

1970

Causes

Deaths Percentage of Deaths Percentage of
per 100,000 all deaths per 100,000 all deaths
All 1659.0 100.0 940.2 100.0
Infectious diseases 541.0 32.6 37.9 4.0
Epidemic diseases 146.8 8.8 5.4 0.6
Tuberculosis 195.5 11.8 1.8 0.2
Meningitis 33.1 2.0 0.9 0.1
Pneumonia and influenza 165.6 10.0 29.8 3.2

deaths from the above-specified infec-
tious diseases.

To what influences can these salutary
changes be attributed? How much, for
example, is due to immunization? Clear-
ly, there are multiple reasons for the
decline in mortality due to infectious
diseases in the United States in this
century, and in many instances it is im-
possible to determine the relative impor-
tance of different factors. The specific
factors and certain diseases upon which
they may have had an effect follow.

There is little question that the natural
history of some infectious diseases has
changed spontaneously over the years,
for reasons not entirely clear. An ex-
ample of such a disease is pertussis,
which exhibited a mortality rate of 12.2
per 100,000 population in the United
States in 1900 (¢). By the late 1930’s, pri-
or to widespread immunization against
pertussis, the mortality rate had de-
creased to approximately two per
100,000. In 1975 only eight deaths due to
whooping cough were recorded in the
United States (5). Whether this reduc-
tion prior to the development of wide-
spread immunization (and even the
change subsequent to immunization) is
due to variations in the organism,
changes in the host, or other undeter-
mined factors is unclear. It is possible
that simple quarantine measures, in-
tended or unintended, may have contrib-
uted to this decline prior to immuniza-
tion, inasmuch as the highest fatality
rates from pertussis are in young infants.
Postponement of the disease until later
childhood would clearly reduce mortali-
ty.
Similarly, mortality due to measles de-
clined from 13.3 per 100,000 population
in 1900 to 0.3 per 100,000 in 1955 prior to
the institution of measles immunization
(4). The reason for this is unclear; it
might relate, as with pertussis, to in-
tentional or unintentional quarantine and
consequent postponement of measles to
older childhood. During the years 1900
to 1910 mortality from scarlet fever and
streptococcal sore throat was more than
ten per 100,000 people annually; this de-
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clined to 0.5 per 100,000 by 1940, prior to
any effective means of intervention with
antimicrobial drugs (4).

To a considerable extent in some dis-
eases, the decline in mortality can be at-
tributed to man’s intervention in terms of
sanitary control of water supplies and re-
fuse and proper food handling. An ex-
ample of such a disease is typhoid fever.
During the 5 years, 1900 to 1904, nearly
54,000 deaths from typhoid fever were
recorded among the approximately 32
million residents of the death registration
areas in the United States (4). In the year
1975, among more than 200 million
people, 375 cases with three deaths were
recorded (67 deaths due to all types of
salmonella infections were reported for
1975) (5). The paucity of cases in 1975
compared to 1900 can be attributed to
better sanitation and food handling. In-
asmuch as typhoid fever in the past ex-
hibited a mortality rate of 10 to 25 per-
cent, the fact that in 1975 only three of
the 375 cases succumbed to the disease
is probably attributable to antimicrobial
drugs.

As mentioned above, quarantine mea-
sures, intended or unintended, may have
contributed in part to this decline. Mor-
tality from tuberculosis in 1945, prior to
the development of any effective anti-
tuberculous drugs, was one-fifth that of
1900 (¢). How much of this might have
been due to the identification of patients
and their isolation from others, to
changes in the natural history of the dis-
ease, or to other factors is unknown. The
precise effect of isolation of patients with
other contagious diseases at home or in
hospitals specifically designed for that
purpose is also unknown.

Control of nonhuman vectors has been
responsible for much of the decline in
mortality from some diseases, such as
rabies, typhus fever, and malaria in the
United States. Antimicrobial drugs ef-
fective against certain bacterial diseases
have certainly contributed to the decline
in mortality from infection since their de-
velopment and widespread use during,
and subsequent to, World War II. How-
ever, studies in Sweden have suggested

that death rates from many bacterial dis-
eases that declined subsequent to the de-
velopment of antibiotic drugs were ac-
tually declining at the same rate prior to
their use (6). Among 13 bacterial infec-
tious diseases studied, death rates due to
syphilis, non-meningococcal meningitis,
and septicemia were the only ones that
appeared to decline more rapidly after
the introduction of these drugs. It may
well be that other unknown factors, such
as nutrition, changes in socioeconomic
and educational status, and the like have
also contributed to the decline in mortali-
ty observed in the United States since
the turn of the century.

In view of the above, what has been
the contribution of immunization to the
decreased mortality from infectious dis-
ease in the United States? In the case of
a number of diseases, immunization—
though available and of some effect—has
been of negligible importance. These dis-
eases include typhoid fever, cholera, epi-
demic typhus fever, and plague. Far
more important than immunization has
been control of transmission of the in-
fecting organisms. Thus, immunization
against these diseases is reserved for
those who, because of occupation or
travel, cannot avoid exposure.

The disappearance of mortality from
one disease (smallpox) and the rarity of
deaths from two others (tetanus and po-
liomyelitis) can be attributed almost en-
tirely to active immunization. Their dis-
appearance has directly paralleled the
use of immunization with no other fac-
tors seeming to exert influence. In con-
trast, the decline in measles mortality is
a result of at least two factors. Although
attack rates for measles remained the
same with only year-to-year variations
(200 to 400 cases per 100,000 per year—
everyone had measles sooner or later)
until the development of the measles
vaccine, for reasons unknown mortality
rates declined from approximately ten
per 100,000 population during the years
1912 to 1918 to less than 0.3 per 100,000
in the 1950’s before licensure of the
vaccine (5). Since licensure, annual
attack rates from measles have de-
creased precipitously to less than 20 per
100,000, and deaths to less than 0.01
per 100,000.

Examination of the effects of wide-
spread measles immunization points out
benefits other than reduction in mortali-
ty. For Massachusetts during the years
1965 to 1971 it was estimated that mea-
sles immunization efforts prevented
more than 114,000 of 137,000 cases that
would have been expected without im-
munization, thus averting ten deaths and
114 cases of encephalitis, of whom one-
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third would have been expected to incur
permanent intellectual impairment (7).
The ultimate saving in health care costs
in Massachusetts was estimated at $5.5
million. Thus, the value of immunization
should not be measured only in terms of
lives saved.

There is also little doubt that the rarity
of diphtheria in the United States at pres-
ent is due in large part to the widespread
use of diphtheria toxoid, although mor-
tality from the disease was decreasing
even prior to attempts at active immuni-
zation. Between 1900 and 1920, prior to
widespread effective diphtheria immuni-
zation, the mortality approximately
halved. With five deaths in each of the
years 1974 and 1975, the mortality rate is
less than 0.02 percent of the 1920 rate
“@).

Rubella is another example of an infec-
tion, like measles, the importance of
which is measured by other than mortali-
ty. Rubella itself is a mild disease, but if
a woman in the first 3 months of preg-
nancy experiences the disease it is prob-
able that her infant will be born with a
combination of manifestations of infec-
tion known as the congenital rubella syn-
drome. The syndrome is often fatal in the
perinatal period and survivors may ex-
hibit permanent sequelae, including
mental retardation, severe deafness, and
cataracts. It is estimated that approxi-
mately 20,000 infants were born with the
rubella syndrome in the United States
following the 1964 to 1965 rubella epi-
demic (8). Because epidemics of rubella
are expected about every 7 years, efforts
were made in the United States to immu-
nize as many children as possible prior to
1971-1972, inasmuch as they comprise
the reservoir of the disease. In addition,
immunization of women of child-bearing
age, especially if shown to be susceptible
to rubella by serologic testing, has been
advocated. Though it is impossible to
predict what would have happened in the
absence of a rubella immunization cam-
paign, it appears that the frequency of
the congenital rubella syndrome is con-
siderably below that expected (8).

Immunization against mumps is car-
ried out primarily because the disease is
a nuisance. Mortality from mumps is es-
sentially unheard of; aseptic meningitis
is a frequent and unpleasant complica-
tion without permanent sequelae. Very
rarely, sterility or permanent nerve deaf-
ness occurs. Reporting of mumps is suf-
ficiently haphazard, the disease so often
misdiagnosed, and complications so rare
that the effects of widespread mumps im-
munization are unmeasured.

Review of morbidity and mortality
rates from whooping cough shows that
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Table 2. Age-specific mortality rates, 1900
and 1970, shown as deaths per 1000.

Age group in years

Years

1to 15to 45to 65to

4 24 54 74
1900 19.8 5.9 15.0 56.4
1970 0.8 1.3 73 358
Decline (%) 96.0 780 51.0 37.0

both have declined strikingly since the
1940’s, when pertussis immunization
came to be used widely in the United
States (4). However, the death rate from
pertussis was already decreasing prior to
widespread immunization. In 1950 the
annual pertussis death rate per 100,000
infants was 24; in 1975 it was less than
0.3 (5). How much of this decrease is due
to immunization and how much to other
factors is uncertain.

For the reason that there is general
agreement that much of the recent im-
provement in mortality and morbidity
from the common infectious diseases of
childhood and from less common but
dangerous diseases such as diphtheria,
tetanus, and poliomyelitis is due to im-
munization, it is now recommended that
all U.S. children receive routine immuni-
zation according to the schedule in Table
4 (9).

Problems with Inmunization Programs

Vaccines are not perfect. Indeed, the
protective efficacy of some, such as chol-
era and typhoid vaccines and BCG for
tuberculosis, is such that control of the
disease by epidemiologic and chemo-
therapeutic means is far more effica-
cious. These vaccines are only adjuncts
to prevention, used under special cir-
cumstances for what added protection
they afford. Even those vaccines em-
ployed for the routine immunization of
children are not always 100 percent effi-
cacious and are associated with some
risk. Moreover, although these vaccines

have been used for many years, data that
prove efficacy for some are not adequate
by 1978 standards.

Probably the safest and most effective
of the immunizing agents used for rou-
tine immunization of children is tetanus
toxoid. The efficacy of tetanus toxoid
was well established in World War II.
During the Civil War 205 cases of tetanus
occurred for every 100,000 wounds (10).
This rate was reduced to 16 per 100,000
wounds in World War I, presumably as a
result of better surgical care of wounds
and liberal use of tetanus antitoxin pre-
pared in horses (11). By World War II all
U.S. military personnel were required to
accept tetanus toxoid; among more than
2.5 million injuries only 12 cases of teta-
nus occurred, of whom eight had not
been adequately immunized (/7). This
rate of 0.44 cases of tetanus per 100,000
wounded represents a 99.8 percent re-
duction from the Civil War and 97 per-
cent from World War 1. In civilian popu-
lations tetanus still occurs. In 1975, 102
cases of tetanus were recorded in the
United States (12); in all of these individ-
uals tetanus immunization had never
been given, was incomplete, or was un-
known. Reactivity to tetanus toxoid is
minimum. Very rare instances of
anaphylaxis have been recorded, and
some individuals, usually those with
multiple previous injections, experience
unpleasant but transient fever and mal-
aise.

Equally efficacious is live, attenuated
poliomyelitis  vaccine, administered
orally. During the years 1948-1952, prior
to vaccine development, an average of
about 38,000 cases of poliomyelitis oc-
curred annually in the United States, of
which about half resulted in paralysis
(I3). In contrast, for the 8 years, 1969-
1976, when 193 million doses of vaccine
were distributed, a total of 119 paralytic
cases occurred, most of which were in
unimmunized or inadequately immu-
nized individuals (5). However, 55 of
these cases were temporally associated
with vaccine administration to the pa-

Table 3. Observed deaths due to infectious disease and all causes in children in 1973 compared

to deaths that would be expected at 1900 rates.

Age group in years

Expected
versus observed <1 lto 4 5o 14

1973 population at risk 3,079,000 13,635,000 38,983,000
Deaths due to infectious disease

Expected at 1900 rate 104,994 159,530 93,559

Observed in 1973 5,446 1,265 973
Deaths due to all causes

Expected at 1900 rate 500,030 269,973 152,034

Observed in 1973 55,581 10,843 15,982
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tient or a close contact. Ten occurred in

recipients themselves, 34 in close con- .

tacts, and 11 in recipients or close con-
tacts who had underlying immune de-
ficiencies (/4). In addition, in these
vaccine-associated cases, antigenic
characterization of the infecting viruses
indicated that almost all were derived
from vaccine strains (/5). Thus, although
the efficacy of live, attenuated polio-
myelitis vaccine is very high, there is a
certain low risk of disease in recipients
or contacts. That risk appears to be
about one per 1.6 million doses. Surpris-
ingly, in developing countries the effica-
cy of oral poliomyelitis vaccine is con-
siderably less than in the United States
6).

The efficacy and safety of pertussis
vaccine are currently the subject of con-
troversy. Although precise data are not
available, full immunization does not
guarantee permanent protection. More-
over, pertussis vaccine produces some
severe or worrisome reactions, includ-
ing brain damage, convulsions, and a
strange screaming phenomenon in in-
fants, the significance of which is un-
known. Precise rates of these reactions
are not defined because of unsatisfactory
monitoring, differences among vaccines,
uncertain denominators, and varying di-
agnostic criteria. A major handicap in
developing an improved pertussis vac-
cine is that the protective antigen in the
bacterium has not been determined, nor
is it known what fraction of the organism
produces the reactions. In Britain it has
been questioned publicly whether the de-
cline in pertussis mortality has any rela-
tion to the vaccine at all, which, in com-
bination with concerns about serious re-
actions, has resulted in reluctance to use
the vaccine on the part of both physi-
cians and the public (/7).

Other examples of lack of 100 percent
efficacy can be given, such as the failure
of measles vaccine to ‘‘take” in up to 5
percent of recipients (/8), the occurrence
of diphtheria in fully immunized individ-
uals though the disease is milder (/9),
and the like. But the importance of these
occasional failures is unknown; will the 5
percent of individuals who remain sus-
ceptible to measles in spite of immuniza-
tion be protected because measles can-
not establish itself in a population that is
95 percent immune? This and many oth-
er questions are unanswered.

Why are many questions unanswered
and such problems unsolved in relation
to vaccines?

First, it is unreasonable to expect im-
munization to be 100 percent efficacious
(even some of the diseases themselves,
such as pertussis and diphtheria, do not
guarantee permanent immunity).
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Table 4. Recommended schedule for the ac-
tive immunization of normal infants and chil-
dren. Abbreviations: DTP, diphtheria and tet-
anus toxoids and pertussis vaccine, com-
bined; TOPV, trivalent oral poliomyelitis
vaccine (contains all three immunologically
distinct strains of attenuated poliomyelitis vi-
rus); Td, adult form of tetanus and diphtheria
toxoids (the diphtheria toxoid component is
reduced because of possible reactivity in indi-
viduals with several previous inoculations).

Age Vaccines

2 months DTP and TOPV

4 months DTP and TOPV

6 months DTP (TOPV—optional)
15 months Measles, rubella,

and mumps

142 years DTP and TOPV

4to 7 years DTP and TOPV
14 to 16 years Td

(and every 10
years thereafter)

Second, vaccines that have been with
us for many years (such as diphtheria
toxoid) were not subjected originally to
well-designed, prospective controlled
field trials that would meet current stan-
dards. But, in view of the presumed ef-
fect of the toxoid on the incidence of
diphtheria in the United States, it is un-
reasonable to demand such a field trial
now.

Third, many vaccines can only be test-
ed in man because of the lack of appro-
priate animal models that correlate pre-
cisely with the effects of vaccines in
man. Further, even in man the logistics,
expense, and necessary duration of con-
trolled field trials of disease prevention
require reliance on indirect measures of
protection, such as serology or skin test-
ing. Some of these measures, such as
serologic testing for immunity to per-
tussis, have not been shown to correlate
well with clinical immunity. In some in-
stances many years must pass before an-
swers will be available; will a 23-year-old
woman, pregnant in the year 2000, be
protected against rubella by the vaccine
she received in 19787

Fourth, the climate for testing in hu-
mans is currently poor in the United
States, and studies necessary to develop
answers to some questions are often un-
acceptable to study subjects.

Fifth, the monitoring of disease, and
especially vaccine reactions, is grossly
inadequate in the United States, being
totally dependent on the judgment and
cooperation of thousands of different
health providers who may not under-
stand the need for reporting, may not
care, and may fear malpractice litigation.
The rarity of severe reactions is also
such that isolated instances may be con-
sidered to be coincidence; it is quite pos-
sible that the Guillain-Barre syndrome

has always occurred at a low rate in per-
sons immunized against influenza, and
was only recognized with the swine flu
vaccine because large numbers of people
received the vaccine in a limited period
of time.

Finally, in view of the current low
morbidity and mortality from vaccine-
preventable diseases compared to years
past, further vaccine development may
have relatively low priority compared to
research in other health problems when
it comes to funding.

The lack of visibility of vaccine-pre-
ventable diseases in the United States
has also resulted in a certain amount of
complacency in both health profession-
als and the public. In 1975 only 116
deaths were reported from diseases
against which children are routinely im-
munized (Table 4) (5). This has resulted
in less than the optimum number of chil-
dren being immunized (20). For ex-
ample, in 1975 only 64.8 percent of 1- to
4-year-old children had received three or
more doses of poliomyelitis vaccine,
compared to 73.9 percent in 1965. The
low was 1973 with 60.4 percent. Only
75.2 percent of 1- to 4-year-olds had re-
ceived three or more doses of diphtheria
and tetanus toxoids and pertussis vac-
cine, and 65.5 percent measles vaccine.
This latter deficit resulted in localized
outbreaks of measles with more than
41,000 cases in 1976; how small the pro-
portions of the population immune to po-
liomyelitis and diphtheria must be before
substantial outbreaks occur is unknown.
Curiously, it was estimated that 12.6 per-
cent of children less than 5 years of age
in the United States received smallpox
vaccination in 1975 (20), although the
Public Health Service recommended
against its routine use in 1971 (21).

Because of public and professional
complacency related to routine immuni-
zation, the U.S. Public Health Service in
1973, in cooperation with the American
Academy of Pediatrics, state and local
health agencies, and other groups, initi-
ated an annual effort designating Octo-
ber as ‘‘Immunization Action Month.”
Though some improvement in propor-
tions of children immunized may have
occurred, too many remain without pro-
tection (20). Accordingly, in 1977 the De-
partment of Health, Education, and Wel-
fare under Secretary Joseph A. Califano
and Assistant Secretary for Health Julius
B. Richmond established enhanced pub-
lic programs directed at achieving ade-
quate immunization of 90 percent of all
children by October 1979. The programs
include increased public education,
funding for local and national coordinat-
ing efforts, mandated monitoring of im-
munization status in publicly supported
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child health programs, cooperative ef-
forts with other public and private
agencies, and enforcement of school en-
try immunization requirements. That
these efforts may be effective is the fact
that during the first 6 months of 1977
doses of measles vaccine administered in
public clinics exceeded those for the first
6 months of 1976 by 69 percent (22).
Major problems with the potential of
compromising immunization programs
seriously are those of informed consent
and litigation surrounding vaccine-re-
lated injuries. Largely as a consequence
of these closely related problems, the
production of measles, rubella, mumps,
and oral poliomyelitis vaccines is limited
to one manufacturer in the United
States. Six other producers of one or
more of these vaccines have ceased pro-
viding them in recent years. Because of
litigation and judgments awarded the vic-
tims of injury from vaccines, advocacy
has developed for a system of public rec-
ompense for those individuals inadvert-
ently injured by programs of accepted
public health merit. The need for individ-
ual informed consent concerns many
physicians; is it possible to fully and fair-
ly inform patients and parents of the ben-
efits and risks associated with a given
vaccine, and do they have the back-
ground and perspective to make appro-
priate decisions? Should we combine a
system of public recompense for vaccine
injury with a system of public informed
consent for mandatory immunization,
rather than individual consent? If the
public is to assume responsibility for
those few permanently injured by a vac-
cine, should the public also accept re-
sponsibility for the individual who re-
fused immunization and ended up per-
manently in an institution as a con-
sequence of measles encephalitis? These
are not easy questions to answer.
Because of the problems cited above,
including the need for further research
and development in vaccines, unsatisfac-
tory rates of immunization, and concerns
about supply, liability, and informed
consent, the Assistant Secretary for
Health established work groups charged
with examining these problems and pro-
posing answers. These work groups sug-
gested many solutions, including alterna-
tives, too numerous to review here (23).
But among the most important of the rec-
ommendations was that of a National
Immunization Commission, with repre-
sentation from both biomedical and non-
biomedical areas, and reporting to the
Administration and Congress. The broad
charge to the commission would include
all aspects of furthering appropriate im-
munization activities in the United
States, from research to implementation.
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A major advantage of such a commission
would be that of developing understand-
ing of, and support for, immunization
programs outside the biomedical com-
munity.

Prospects for the Future

The apparent success of viral vaccines
developed in the past 20 years has stimu-
lated pursuit of further immunizing
agents including bacterial vaccines in
which progress has been slower (24).
The meningococcal and pneumococcal
vaccines, recently licensed, appear ap-
propriate for certain high-risk groups
(24). The sequelae of meningitis caused
by Haemophilus influenzae, type b, in
young children warrant efforts to devel-
op a protective vaccine (24). These three
polysaccharide vaccines are further jus-
tified by the appearance of resistance of
the offending organisms to the formerly
effective chemotherapeutic drugs (24,
25). A major problem, however, is the
poor response elicited in infants (24). Ex-
ploration of vaccines against Gram-nega-
tive organisms responsible for sepsis in
debilitated patients and young infants
and against group B streptococci has
been initiated (24). Though not yet li-
censed, a vaccine against Mycoplasma
pneumoniae, the causative agent of pri-
mary atypical pneumonia, has been
shown to be effective in military popu-
lations in whom the disease is of impor-
tance (24). Preliminary background work
directed at vaccines against gonorrhea
and syphilis is under way (24, 26). Al-
though work has progressed in relation
to vaccines for the common respiratory
diseases of man, the multiplicity of
causative viruses makes such vaccines
unlikely in the near future (27). Though
of little importance in the United States,
a vaccine effective against malaria would
be of maximum benefit elsewhere in the
world where the vector control mea-
sures, so successful in this country, have
failed (28).

No doubt, as further vaccines appear,
a point may be reached at which the
costs of some vaccines in terms of logis-
tics, dollars, and untoward effects out-
weigh the health benefits to be expected.
But this point has not been reached yet;
the pneumococcal and meningococcal
vaccines appear to be valuable pre-
ventive measures, and others mentioned
above should be pursued as potential so-
lutions to currently unsolved problems
of infection. Further judgments should
be made by the proposed Commission on
Immunization, with technical consulta-
tion from already functioning groups
such as the Surgeon General’s Advisory

Committee on Immunization Practices,
the American Academy of Pediatrics,
the American Public Health Association,
the National Institute of Allergy and In-
fectious Diseases, and the Bureau of Bi-
ologics and its vaccine advisory panels.
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