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INTRODUCTION

The modern era of vaccine evaluation began with
the landmark field trial of inactivated poliomyelitis
vaccine conducted during 1954-1955 under the over-
all direction of Thomas Francis, Jr. The trial set the
standard for the future by establishing the need for
double-blind controlled assessment of vaccine effi-
cacy. Other characteristics of the trial, such as defini-
tion of clear primary and secondary endpoints as ways
to assess specified outcomes, also began the process
culminating in currently accepted procedures.
However, the trial also had features more similar to the
then current laboratory investigations than to modern
clinical trials, including evaluation of relative
immunogenicity of different lots of vaccine. The fact
that the trial was not conducted in a vacuum but,
rather, under extreme levels of public scrutiny, also
places the trial squarely at the start of the modern era.
In particular, the choice of designs is illustrative of the
conflict between the scientific requirement for ran-
domization and the need to involve as many voluntary
participants as possible in the evaluation of the vaccine
under circumstances that were then deemed currently
acceptable to them and to society. Obviously, the sta-
tistical analysis reflected the time; if the trial were con-
ducted today, it would be analyzed differently and
almost certainly would not be so large. The involve-
ment of close to a million voluntary participants makes
it unique in size alone. The regulatory climate at the
time of the trial was totally different from that under
which we currently operate, but the beginning of strict
government oversight was an indirect result of the
aftermath of the evaluation.

Received for publication October 19,1998, and accepted for pub-
lication March 9, 1999.

Abbreviations: CDC, Communicable Disease Center; IBM,
International Business Machines; ITT, intention to treat; OPV, oral
poliomyelitis vaccine.

From the Department of Epidemiology, School of Public Health,
University of Michigan, Ann Arbor, Ml.

Reprint requests to Dr. Arnold S. Monto, School of Public Health,
University of Michigan, 109 S. Observatory Street, Ann Arbor, Ml
48109-2029.

Before reviewing details of the development of the
vaccine and the changing distribution and characteris-
tics of poliomyelitis leading up to the trial, it is useful
to examine all of the various circumstances that came
together in 1954. The first element was public aware-
ness and anxiety, which not only established the prior-
ity attached to control of poliomyelitis but also the
funding mechanism. From our current perspective, it is
surprising that support for the trial itself, and much of
the research leading up to it, did not come from gov-
ernment agencies or pharmaceutical manufacturers
but, rather, from a voluntary organization, the National
Foundation for Infantile Paralysis. This foundation
was successful in raising funds for its activities not
only because of the high visibility of the residual par-
alytic effects of the disease in its founder, President
Franklin D. Roosevelt, but also because of the fear and
apprehension which outbreaks of the disease caused in
the general public. The emergence of the infection as
an epidemic disease during the first half of the twenti-
eth century is, then, the first part of the story.

The second element involves the laboratory devel-
opments which had moved from the very early demon-
stration of viral etiology in 1909 to use of animal mod-
els, and the later recognition that there were three
immunologically distinct types of poliomyelitis.
Inactivation was long established for production of a
vaccine, and the first attempts at protection by vacci-
nation actually occurred in the 1930s. However, it was
the development of cell culture following the Nobel
Prize winning work of Weller, Enders, and Robbins
that lead to the ability to produce the virus safely and
in sufficient quantity.

A third element, less well defined, is the early stages
of development of the organizational and data man-
agement ability to conduct a large-scale trial. This will
not be discussed to the same extent as the first two ele-
ments, but it was equally important in the success of
the endeavor.

The causative agent and its epidemiology will first
be reviewed as background to the trial. As a major pub-
lic health problem, there is an extensive literature,
composed of scientific papers, reviews, and meeting
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reports on these subjects and which cover them in
greater detail than will be done in this review.
Epidemiology and virology will be discussed in paral-
lel, since full understanding of one of these aspects is
dependent on the other.

HISTORY OF POLIOMYELITIS AS AN EMERGING
DISEASE

While poliomyelitis was not recognized as an epi-
demic disease in northern Europe until the late nine-
teenth century, it, like many infections termed emerg-
ing, is not new; rather, changes in characteristics of
society, and in particular practices of sanitation, were
responsible for its emergence as a major problem.
Studies of Egyptian mummies have identified shorten-
ing of a lower limb, a characteristic of the late effect of
poliomyelitis disease in a still-growing child (1). This
and other evidence suggest that the virus was being
transmitted during ancient times. At that time, it prob-
ably displayed the pattern of occurrence more recently
recognized in developing countries before beginning
the transition to industrialization, that is, occasional
paralytic cases occurring sporadically in the few indi-
viduals who were not infected in early life, mainly in
the upper classes. It is the upper class whose bodies
would later be entombed in a recoverable form in
Egypt. Most of the population would be infected in the
first years of life, without producing the paralysis char-
acteristic of the disease (2-4). We now know that this
phenomenon was a result of an increased likelihood of
infection being asymptomatic in young individuals,
and maternal antibodies attenuating the infection, both
factors contributing in debatable proportion (5). More
recently, in countries such as Ghana and India, even
though outbreaks were not reported, the residual paral-
ysis typical of prior infection with poliomyelitis could
be demonstrated in what has been termed lameness
surveys. This brings us back to the method used to
identify poliomyelitis occurrence in the Egyptian
mummies (6-8).

Because of the dramatic and characteristic features of
poliomyelitis, it is possible to identify historically the
time of transition in the now developed world when the
disease ceased to only be sporadic and began to occur in
epidemics. Epidemics began to take place first in those
countries in the forefront of development of hygienic
standards, an apparent paradox to those not familiar
with the transmission characteristics (9). Norway led the
way in 1868, followed shortly thereafter by Sweden.
Epidemics occurred for the first time in many parts of
Western Europe in the 1880s and 1890s, while simulta-
neous outbreaks began in cities of the northeastern
United States. The developing countries lagged far
behind; evidence of such transmission was clearly doc-

umented in World War n when troops of young adults
stationed in these developing countries experienced out-
breaks of the paralytic form while no apparent illness
was recognized in the local population (10, 11).

Because of the inability to identify the virus or anti-
bodies to the virus in a convenient way, there was a
good deal of speculation about how the agent was trans-
mitted. The reason there was reluctance in some quar-
ters to accept what is now considered obvious, a pre-
dominant fecal-oral mechanism, is that transmission did
not follow the more familiar common source patterns,
i.e., occurrence of milk and waterborne diseases such as
those exhibited at that time by agents that cause such
diseases as typhoid; also secondary cases followed the
distribution more commonly associated with respira-
tory spread. It is now understood that agents, for exam-
ple rotavirus, can be transmitted by the fecal-oral route
and be characterized not by producing common source
outbreaks but more by person to person transmission
(12). The immune status of the population, the result of
the high frequency of inapparent infection (not recog-
nized at this time) was also responsible; the situation
with hepatitis A is very similar, including the frequency
of inapparent infection (6) in the very young (13).

The clinical presentation of poliomyelitis was so
characteristic, with typical flaccid paralysis, that it was
relatively easy to identify and quantify typical cases
when epidemic behavior emerged. Thus, key epidemio-
logic features were documented during this early
period. One curious observation was that once out-
breaks began at the start of the century, they were
extremely varied in intensity from year to year, but it
was difficult to determine that a secular increase in inci-
dence was truly taking place. In fact, in some cities out-
breaks in the early part of the twentieth century were far
larger than any occurring for some years thereafter (14).
There was, however, a clear urban-rural differential at
this early point, with far more cases occurring in urban
areas. This was thought to be related to crowding which
was extreme in the urban slums of the time. The disease
was mainly one of young, often very young, children,
thus the appropriateness of the name infantile paralysis.
Seasonality in the regions experiencing outbreaks was
pronounced, especially since all were in areas with dis-
tinct winter seasons (15). The summer predominance
was used in the debate about spread to support the the-
ory of fecal-oral transmission because of the similar
seasonal occurrence of many enteric infections.

IDENTIFICATION OF THE POLIOVIRUS AND THE
PROTECTIVE ANTIBODY

The agent of poliomyelitis was identified at a very
early time relative to other viruses because of the abil-
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Francis Field Trial of Inactivated Poliomyelitis 9

ity to define the illness clinically, especially in the epi-
demic setting, and the ability to use an animal model
in which disease could be produced. The first demon-
stration of the viral etiology of poliomyelitis virus was
actually reported in 1909 by Lansteiner, who produced
the disease in monkeys inoculated with human spinal
cord (16). Thus, these early experiments demonstrated
that the virus was found in neurologic tissue (17);
another animal model, other than the nonhuman pri-
mate, was not identified for many years (18). In spite
of obvious limitations, use of this model allowed fur-
ther development of the understanding of the occur-
rence of poliomyelitis and its transmission. The later
adaptation to the cotton rat and mouse was a great
advance in the ability to propagate the virus, but for
many purposes could not replace reliance on primates,
even to show that virus was present (18). These limita-
tions did not prevent experimental work on a vaccine
to be attempted on two separate occasions in the 1930s
(19, 20). The procedure was to inactivate the virus-
containing animal material with formalin; the duration
of formalization was felt to be critical as to whether the
material for inoculation would remain immunogenic.
However, it was complicated by the presence of large
amounts of foreign proteins contained in the prepara-
tion, derived as it was from neurologic tissue. This led
to the danger that in trying to retain immunogenicity,
all virus would not be inactivated. First it was demon-
strated that antibodies could be induced in rhesus mon-
keys without production of disease. Thereafter, "field
studies" were conducted in children who were inocu-
lated, and initially they were reported not to have
experienced side effects aside from occasional reaction
at the site of vaccination (20). In comparison with an
uninoculated "control group," there was not only pro-
duction of antibody in the thousands of children inoc-
ulated, but also protection from clinical disease.
However, cases of poliomyelitis, apparently a result of
the inoculation, began to be recognized after large
numbers of individuals had been vaccinated, which put
an end to this early attempt at immunization and indi-
cated the importance of understanding and controlling
the formalin inactivation process. However, it also did
suggest that the inoculation of inactivated virus was a
feasible way to induce antibodies, but that much more
work in animals should be carried out before going
back to humans.

Even with the cumbersome need for rhesus and
other monkeys, it was learned from experiments in
which the monkeys were inoculated first with a dose of
a standard preparation calculated to produce antibod-
ies, but not disease, and then with different challenge
viruses calculated to produce disease, that sometimes
monkeys were protected and sometimes they were not

(21). Thus, it was hypothesized that there might be
strains of virus which were different from others and
that cross protection did not occur. Such observations
go back as far as Burnet and Macnamara in 1931 (22).
For a long period, viral isolates were given names with
which they were identified, and thus there were many
different strains. Order was restored by the observation
in monkey experiments that there were three distinct
types, each identified by a prototype strain, Brunhilde
(type I), Lansing (type II), and Leon (type III) (23).
This explained much that had previously been confus-
ing and inexplicable and finally indicated that lack of
protection in past experiments could have been a result
of differences among types. However, at the same time
it demonstrated that each of the three types would have
to be represented in any vaccine.

POLIOMYELITIS EPIDEMIOLOGY IN THE PERIOD
LEADING UP TO THE VACCINE FIELD TRIAL

Much of the understanding of the epidemiology of
poliomyelitis in the period before the vaccine evalua-
tions began was related to the laboratory developments
described above. Increased availability of monkeys,
and demonstration that infection in the chimpanzee
was closest to the human, especially in terms of being
infected by oral inoculation, allowed recognition of the
dynamics of transmission of the virus and its patho-
genesis (24). This increased availability of monkeys,
still necessary at this point, was made possible by
increased support from the National Foundation for
Infantile Paralysis. Monkey inoculation of material
collected from cases indicated that the virus was pre-
sent not only in neural tissue of humans, but also in
stools, throat swabs, and blood, demonstrating its
widespread distribution in the body (25-27). As testing
sera for the presence and rise in antibody titer became
increasingly possible, the high frequency of asympto-
matic infection became apparent, which, in turn,
explained previous observations which had suggested
that the disease was not communicable from person to
person (28). The ability to carry out antibody studies
also explained the occurrence of "virgin soil" out-
breaks, such as on islands and in the arctic (29). Here,
with the lack of introduction of the viruses for a con-
siderable period of time there was broad absence of
immunity; illness and transmission, when it occurred,
was not restricted to younger individuals.

There continued to be vigorous debate about
whether respiratory transmission occurred based on
recovery of virus from the pharynx, but all were agreed
that fecal-oral transmission was important, especially
in less developed countries (30). Recovery of virus
from stools and sewage, and demonstration that flies
might also be involved in transmission, strengthened
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the acceptance of the paramount role of ingestion of
virus as had been documented in the chimpanzee
model (31, 32).

The populations mainly affected by clinical disease
were changing in the period leading up to the vaccine
trial. This distribution had a direct effect on eventual
planning of the trial once the inactivated vaccine was
ready for evaluation. Comparisons of disease incidence
in various groups over time are often fraught with dif-
ficulty, because changes in diagnostic criteria often
occur which are not reflected in accompanying descrip-
tions of methods. Some of the better data coming from
areas with known consistency of reporting and defini-
tion were reported in a review presented by Sabin at the
First International Poliomyelitis Conference held in
1948 in New York, under the sponsorship of the
National Foundation for Infantile Paralysis (14). Two
issues of interest related to transmission mechanisms
and also to acquisition of immunity. These issues were
examined with knowledge of the existence of asympto-
matic and nonparalytic infection, but not with precise
understanding of their relative frequency, given the
limitations then existing in infection detection. One
assumption used in the transmission discussion was
that the previously documented urban-rural differential,
as the disease became epidemic in the developed coun-
tries, had disappeared or very much lessened (33). This
was thought to be related to a decrease in crowding in
the cities compared with that which had existed earlier
in the century. As would be expected, those who
favored respiratory transmission took this as evidence
for their theory, now supported by the documented
existence of pharyngeal shedding. At the same time, the
age distribution of cases in these cities had changed and
the disease was no longer concentrated in the very
young. Places where the change in incidence was
clearly demonstrable were New York City, Cincinnati,
Ohio, the State of Connecticut, and various cities in
Sweden and Denmark (14). This phenomenon was not
universal in all groups living in these locations; it was
possible in some to distinguish disadvantaged segments
of the population, and in these groups disease still pre-
dominated in infants and children aged 0 to 4 years,
while in the remainder of the population the group most
affected was children aged 5 to 9 years.

With the greater availability of laboratory tech-
niques to identify antibody titer, serosurveys became
possible in this period after World War II. Such sur-
veys could then be used directly to confirm the extent
of early, often inapparent infection, as well as to iden-
tify the groups remaining susceptible. One of the most
important of these was carried out in sera collected
from residents of various ages in Cairo, Egypt (34). It
was demonstrated that antibody was acquired there

very early in life, and that by age 2 years, 60-80 per-
cent of the population was immune. This was con-
trasted with Miami, Florida, at approximately the same
latitude, where a typical US pattern of seroprevalence
was found; that is, the majority of children in the 5- to
9-year age group were still susceptible. These differ-
ences in seroprevalence further explained outbreaks
that occurred in American school-aged children and
the lack of similar outbreaks in Egypt. Further con-
temporaneous serosurvey data came from Charleston,
West Virginia, which confirmed the importance in the
US of the 5- to 9-year age group and also gave addi-
tional data on the distribution of antibodies by areas of
residence. At ages 5-9 years, there was still 50 percent
of the overall population without antibodies. However,
in households rated as having poor cleanliness, over 80
percent of children in this age group already had anti-
bodies. Similarly, children from families categorized
as "middle class" were more susceptible than those
documented as "low class" (35). Additional serologic
studies documented that "virgin soil" outbreaks could
be predicted and documented by antibody prevalence.
Sera obtained from an isolated Alaskan community
showed little antibody among younger individuals
until a certain age group. Those younger then that age
group had never experienced infection with a particu-
lar type of poliomyelitis, while in those older than that
age group antibody was almost universally present
(29). For one viral type it was found that there was no
antibody present in individuals under 30 years of age.
It could be expected that once introduced, an outbreak
with high attack rate would result.

During the decades leading to the vaccine field trial,
understanding the epidemiology was aided in a num-
ber of ways by the ability to detect the virus. For exam-
ple, in terms of seasonality it was found that there were
increased quantities of the agent in sewage associated
with the summer transmission season (32). In terms of
the individual, it was documented that persistent infec-
tion did not occur, and that the disease was truly acute
with virus uniformly present in the blood. The two
phases of disease were confirmed by laboratory stud-
ies, with the first phase related to gastrointestinal
infection and the second associated with viremia and
central nervous system invasion. These phases became
a critical question in adopting a vaccine strategy, since
inactivated vaccine would produce circulating anti-
bodies but not coproantibodies, and thus not result in
prevention of the first phase of viral replication, during
which transmission to others could occur (36).

A final issue, later becoming a question of safety of
vaccination, was initially viewed as epidemiologic
since it was believed to be related to host or personal
factors. The basic question was why some individuals
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Francis Field Trial of Inactivated Poliomyelitis 11

developed a paralytic disease as a result of their infec-
tion and others escaped with only an abortive illness or
an inapparent infection. At this point it was already
recognized that paralytic disease occurred in less than
1 percent of those infected, so any explanation for why
certain persons were affected, and others not, was of
major interest (37). A few identifiable events which
appeared to be related to severity or localization of
paralysis was referred to as "provocation." Among the
events which were thought to provoke paralysis in a
particular part of the body were accidents, surgical
operations, and dental procedures (38, 39). There was
universal acceptance of a relation between tonsillec-
tomy and adenoidectomy and bulbar poliomyelitis (40,
41). However, most relevant to the vaccine trial was
the increased probability of occurrence of paralysis in
the limb in which a vaccination had been given
recently.

DEVELOPMENT OF THE INACTIVATED VACCINE

The discovery that the various antigenic strains of
polioviruses could be grouped into three distinct viral
types and that protection from infection was type spe-
cific (reported above) meant that for a complete vac-
cine three different inactivated preparations would
have to be made and combined (23). This complication
was more than offset by a development which could
truly be considered a breakthrough (a word the media
tries to associate with any scientific advance). That
breakthrough was the development in the late 1940s of
modern cell culture technique, by Enders, Weller, and
Robbins (42, 43); the importance of this advance was
eventually recognized by their being awarded the
Nobel Prize in Medicine. It is difficult 50 years later to
appreciate how much this changed the state of affairs,
especially since cell and tissue cultures had been in
limited use for some years. However, the method was
difficult and very limited in use, and the major prob-
lem was the requirement for strict aseptic techniques in
the preantibiotic era. When antibiotics became avail-
able it was possible to prepare cultures of individual
cells in quantity; previously, the manipulation neces-
sary was extremely difficult if the cultures were to be
kept free of contaminating bacteria. It was found that
the polioviruses could easily be replicated in a number
of cell cultures. The one chosen as ideal for vaccine
purposes was monkey kidney, and the race was on to
develop poliomyelitis vaccines, either inactivated or
live attenuated or both. Even at that time there was a
vigorous debate about the scientific and practical
advantages and disadvantages of inactivated versus
live vaccine, many elements of which have remained
remarkably unchanged over time. The race was sup-
ported and organized in large part by the National

Foundation for Infantile Paralysis, which as a volun-
tary organization could quickly move resources in spe-
cific directions, which would not have been possible
otherwise.

It was decided that the inactivated vaccine approach
was the one likely to be successful most quickly. There
was a history going back to Pasteur of producing an
inactivated vaccine, and the person given the responsi-
bility for the eventual development of the poliomyelitis
vaccine was Jonas Salk. There was also a precedent of
chemical inactivation of the poliovirus for vaccine pro-
duction, including the work in the 1930s described
above and studies immediately preceding the work of
Salk, particularly in the laboratories of the Department
of Epidemiology of the Johns Hopkins University.
These experiments used virus propagated in laboratory
animals and took advantage of the recognition of the
type specificity of protection in challenging monkeys
with live virus after inoculation with the formalin-
inactivated preparation. This allowed reduction in
some of the inconsistencies found in previous studies,
and identified that a reasonably high degree of protec-
tion could be achieved (44).

Salk and his Pittsburgh, Pennsylvania, colleagues
pointed out the major advantages of cell culture-derived
material for vaccine production (45). Virus could be
produced in a concentrated state free of many of the
extraneous proteins present in material derived from
animal tissue. This had a number of positive results.
First, the inactivation process was more predictable
when working with a more purified preparation. The
predictability was not only in terms of the safety in inac-
tivating all virus, but also in insuring that the material
retained its antigenicity. Second, it also made it possible
to produce the vaccine in much greater volume using
uniform production methods. Third, it decreased the
reactivity of the vaccine since many adverse events are
related to unnecessary foreign protein. However, it did
not guarantee the absence of adventitious microbiologic
agents, which could be derived from the material inoc-
ulated into the cell culture, the media in which the cells
were propagated, or most likely, when using a source of
cells, such as monkey kidney, from the animal from
whom the organ was obtained. In terms of recognized
contaminants, such as bacteria and known viruses, it
was possible to use standard procedures to detect their
presence. However, a concern was the possible presence
of agents not yet recognized, since this was just at the
dawn of the modem age of virology. Here, the inactiva-
tion process would be expected to destroy activity of
these adventitious agents, but since they would be
unrecognized by then available procedures, this could
only be based on hope and not on certainty. In retro-
spect, this was a valid concern (46).
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Salk had spent considerable time at the Department
of Epidemiology of the University of Michigan under
Francis, where he had worked with issues related to
the inactivated influenza vaccine (47). It had been pos-
sible to develop this vaccine before cell cultures were
available because the virus could be replicated in fer-
tile hens' eggs. The concentrated influenza virus
resulting was formalinized according to standard
methods. There was never very great concern about
completeness of inactivation, since non-inactivated
influenza virions injected intramuscularly or subcuta-
neously would not be likely to cause any disease; how-
ever, with poliomyelitis, this would be much more crit-
ical. Thus, the kinetics of inactivation with formalin
became a focus of research. The process was reported
to proceed in a linear fashion, and to be affected by,
among other factors, concentration of formalin, tem-
perature, pH, and concentration of virus. Extraneous
material such as cell debris, which might interfere with
the process, was removed by filtration. Excess
formaldehyde was destroyed by addition of sodium
bisulfite. The method was developed to err on the side
of complete inactivation of virus, even if this meant
some loss of antigenicity. Safety testing was carefully
designed to confirm the lack of active poliovirus or
any other microbiologic contaminant, a point which
later became critical (48).

Studies of immune response in humans followed the
development of an apparently safe vaccine. These tests
were in fact pilot studies for the field trial itself. Factors
examined were the optimal dose required to produce an
antibody response, the number of inoculations needed,
and the value of booster doses. On the first point,
reducing the viral load in the inoculum would allow
more individuals to be vaccinated. There was examina-
tion of the use of adjuvants, but most attention was
devoted to the aqueous preparation. One schedule that
was examined was inoculation at 0, 2, 5, and 7 weeks.
It was noted that even the first inoculation induced an
antibody response. An inoculation at 7 months after the
first injection produced a booster response in most
recipients. A continuing concern, given the recent
recognition that the various known polioviruses appar-
ently fell into three different types, was whether all
virus variants belonging to a single type would be
affected by antibody raised by the strains included in
the vaccine. While not studied extensively, it was
shown for each of the three types that another variant of
the same type was affected similarly to the homologous
virus contained in the vaccine (48, 49).

THE FIELD TRIAL—PLANNING

The stage was then set for the evaluation of the effi-
cacy and confirmation of the safety of the inactivated

vaccine. As a large-scale national undertaking, there
were currents and activities at various levels, public and
personal, which affected the organization of and partici-
pation in the trial. The vaccine and schedule of inocula-
tion by this time was not an issue. Before the trial began,
a total of 7,000 children had been inoculated with vac-
cine prepared in the laboratories of Salk and coworkers
at the University of Pittsburgh; Connaught Medical
Research Laboratories (Swiftwater, Pennsylvania) used
the same methodology (50). The design used in this pilot
was to vaccinate certain children and observe others for
comparison. The real purpose, while scaling up produc-
tion of the trivalent vaccine, was to assure its safety. This
had to be done in a very public manner because of the
nature and scope of the forthcoming trial which was
attracting speculation in the media about any possible
side effect, including development of anti-kidney anti-
body in recipients in response to the injection of virus
grown in monkey kidney.

The vaccine for the trial itself was prepared by a
number of manufacturers, but even though significant
variation in antibody response was later noted, each
was always referred to only by number, thus preserv-
ing the anonymity of the producer. In addition to
Connaught, other manufacturers were Eli Lilly and
Company (Indianapolis, Indiana) and Parke-Davis
(Detroit, Michigan). The name of the manufacturer
also did not appear on the box containing the vaccine;
the only identifier other than the lot number was that
of the supplier, the National Foundation for Infantile
Paralysis. Vaccine safety and antigenicity was deter-
mined by the manufacturer, confirmed in the
Pittsburgh laboratories, and finally and officially by
the Laboratory of Biologies Control, then part of the
National Institutes of Health. The amount of vaccine
required for the trial was large, but this system allowed
systematic attention to be given to its production using
methods that guaranteed safety.

The same could not be said for the much more for-
midable task of designing and organizing the trial
itself. Books have been written about this subject and
they have emphasized the personalities, the interper-
sonal relations, and the institutions involved (51). This
review will concentrate on the key features of the trial,
and will delve into the sometimes involved reasons,
both of individuals and of policies, behind various
choices made. The major position in the trial organiza-
tion was its director. This appointment first went to
Joseph Bell, a respected epidemiologist associated
with the National Institutes of Health. During the time
of his tenure, a design was endorsed which was simi-
lar to the pilot studies conducted by Salk. Based on the
upward movement in age over the first half of the cen-
tury to peak occurrence in children aged 5-9 years, it
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Francis Field Trial of Inactivated Poliomyelitis 13

was decided to conduct the trial in this age group.
Involving children aged 5-9 years also had a logistic
advantage, namely that they attend school, making
them easily accessible for recruitment and for subse-
quent multiple contacts. The vaccine evaluation would
involve children in grades 1, 2, and 3. The organizers
were concerned that the various cooperating groups,
such as local health departments and voluntary organi-
zations, would not accept a design which included the
injection of a placebo. This was based not only on the
concern about unnecessary injections of non-vaccine-
containing material, but the fact that it was thought
that participation would depend on the hope that it
would likely result in protection from poliomyelitis.
Thus, it was decided to vaccinate any child in the sec-
ond grade whose parents requested it, and compare the
frequency of illness with that of the unvaccinated first
and third grades. Since immunity increased with
increasing age, it was thought that the second grade
would be intermediate in susceptibility between the
two observed grades.

When Bell resigned as director of the study, the
position was offered to Thomas Francis, Jr., founding
chairman of the Department of Epidemiology of the
University of Michigan School of Public Health.
Francis attached a number of conditions to his accept-
ing the position. In this, as in many aspects of the trial,
other groups and individuals also took part in the dis-
cussions (52). The most important one was a reexami-
nation of the basic study design. This followed meet-
ings with experts in biostatistics, such as Bradford
Hill. Another condition was assured independence of
the evaluation team so that, for example, neither Basil
O'Connor, the President of the National Foundation
for Infantile Paralysis, nor Jonas Salk, developer of the
vaccine, would have access to the conduct of the trial
and knowledge of the data accumulating. In this, as in
other ways, the poliomyelitis trial developed the stan-
dard of independence and blinding which would be
considered essential in all later vaccine evaluations.

In terms of reevaluating the study design, there was
no disagreement with the need to involve young
school-age children for the reasons noted above.
However, the major question was lack of blinding and
randomization and, thus, an additional design was pro-
posed. This additional design would not replace the
observed control design, given the commitment of cer-
tain jurisdictions to it. Instead of only the second-grade
students being eligible for participation, all three grades
would be eligible, but they would be randomized with
half of the voluntary participants receiving vaccine and
the other half receiving placebo. The placebo was to be
an injected one, a most controversial issue, since it
meant that an invasive action took place with no possi-

ble benefit to the recipient. It was, however, an essen-
tial element in the design, since without it true blinding
would have been impossible. It was a double-blind
design, with neither the participant nor the observer
being aware of the content of the inoculation. The
boxes containing the vials, and the vials themselves,
were labeled identically. Care had to be taken in ensur-
ing longitudinal continuity given the fact that each
child received not one but a series of inoculations.
These had to be either placebo or vaccine in each case.
This was, in fact, originally considered a major barrier
to the placebo design. The same continuity was
required to be able, after the trial, to examine lot to lot
variation in the antibody response to vaccine of differ-
ent sources or periods of production so that children
continued to be given vaccine from the same lot.

The most important advantage of this design, com-
pared with the observed control one, was the ability to
compare directly the vaccinated with the placebo
groups. There were multiple reasons why this was the
case. There was the obvious issue of lack of blinding
in the observed design, with all those inoculated know-
ing they received vaccine in terms of recognition of the
occurrence of the disease in question. This was less of
a problem with poliomyelitis, which was reasonably
well defined, than it would be with other diseases. Still
there could be a question of bias in case finding. Then,
there was a difference in age group in the observed
design, represented by the three grades, which might
lead to the two groups not being comparable.
However, the critical problem was the lack of an
appropriate comparison group. In the observed control
approach, children in the second grade would either
have informed consent from their parents to be vacci-
nated, or as it was called at that time, a "request to par-
ticipate." This meant very clearly that those who were
willing to participate were expecting to receive the
inactivated vaccine and were potentially different in
relation to their risk of poliomyelitis from those who
were unwilling to participate. In contrast, no such vac-
cination was offered to children in the first and third
grades, and the comparison data were collected from
"the willing and the unwilling" as stated in the study
report. The result in this design was that it was impos-
sible to determine which children in these grades
would have participated had that option been given,
and which ones would not. Participation in experimen-
tal studies was known to have a number of determi-
nants. For this trial, the one easiest to document was
socioeconomic, with participants more likely coming
from those with greater education and income. This
meant, considering the known distribution of
poliomyelitis antibodies, that those in second grade
who were participating would be more likely to be sus-
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ceptible to poliomyelitis, because of lack of past
asymptomatic infection, than those not participating.
The observed first- and third-grade children would be
a combination of the two, in unknown proportions,
because their participation had never been requested.
Other factors less easy to document could also make
the two groups noncomparable. In contrast, the
placebo design, because of randomization, ensured
that participants in the two groups would likely be
comparable in numbers and characteristics.

Before Francis had been persuaded to accept the
leadership of the evaluation center, there were a num-
ber of state and other jurisdictions that had accepted
the observed design and were committed to it. As a
result, with the addition of the placebo design there
were two parallel methods for assessing the efficacy of
the vaccine. Areas which participated are shown in fig-
ure 1, with the accepted design indicated. This pro-
duced an experiment within an experiment, with com-
parison of results of the two designs being possible. A
complication was that it meant that both had to be ana-
lyzed separately, since they were in fact incompatible
for pooling results. As it turned out, there were approx-
imately equal numbers given the vaccine in both
designs, although there were more comparison chil-
dren in the observed design.

The selection of the geographic areas for participation
was carried out in a relatively systematic fashion. Of
course no area would be selected for participation with-
out interest on the part of the residents and the local
health officers and other officials. The aim was to iden-
tify areas large enough to contribute a reasonable num-
ber of participants, and which historically had a higher
than average frequency of paralytic poliomyelitis. The
work of Stickle had found that counties with a popula-
tion of 50,000 to 200,000 experienced a higher than
average annual attack rate than larger, more populous
areas (50). Areas with less population experienced even
higher rates, but were not suitable for logistic reasons.
He also found that counties with the highest attack rates
within this group continued for a period of years to
demonstrate such high rates, and that variability among
counties was more than three times greater than the year
to year variance within countries. Thus it was recom-
mended that areas should be selected in the appropriate
population range which also had reported higher than
normal attack rates in the period 1948-1952, the last
period for which data were available. This plan would
prove to be successful. The average annual attack rate in
counties with a population of 50,000-200,000 in
1948-1952 was 24 per 100,000. In the trial year, the fre-
quency in areas selected was actually 28 per 100,000
and in nontrial areas, 22 per 100,000. For operational
reasons preference was given to jurisdictions with well

organized health services as well as to regions where
there was expressed interest in participation, especially
from school officials, since schools would be the point
of access to the children. A final consideration was that
there not be active poliovims transmission occurring at
the time inoculations were to start, out of concern for the
issues of provocation and safety of the vaccine, which
could be difficult to evaluate in this situation. If this was
the case, then the affected areas were dropped from par-
ticipation. Nearly all of the study was conducted in the
United States where the above data were available, but
there were also participating areas in three Canadian
provinces and a small area of Finland.

SIZE OF THE TRIAL/REQUIRED SAMPLE SIZE

The poliomyelitis field trial was unlike current clin-
ical trials of vaccine and other interventions in that its
size was driven as much by logistics and supply of
vaccine as by sample size estimation. Another factor in
the large size was the two designs, which in reality
could not be combined in analysis. A total of 432,217
children were actually inoculated with vaccine at least
once, 209,229 in the placebo areas and 231,902 in the
observed areas. These numbers, as well as the numbers
who received placebo in the first design and the
observed comparison group or in the second design,
are shown in table 1. If the study were being done
today, its size would be determined by sample size cal-
culations based on various estimates of disease rate,
and vaccine effect. Generally these assumptions are
difficult to develop since there is often imperfect infor-
mation on many factors underlying disease rates, aside
from the unknown efficacy of the vaccine. In the
poliomyelitis field trail, there was better than usual
ability to predict the incidence of disease. Incidence
should have been higher than the average of 24 per
100,000 in the counties of the size preferentially cho-
sen, since history of past higher incidence was also a
selection criterion. On the assumption that the inci-
dence would be 26 per 100,000, it is possible to esti-
mate required numbers in the placebo control design.
It is not possible to estimate numbers for the observed
design without many more difficult assumptions, since
this is not standard field trial methodology. Assuming
70 percent efficacy of vaccine in a two-sided test with
an alpha of 0.05 and a beta of 0.10, approximately
107,100 per group would have been required to show
a significant difference. If the assumption was that the
vaccine was 80 percent effective, the number per
group would drop to approximately 75,500. As can be
seen from table 1, the actual numbers included in each
arm of the placebo control design were almost twice
that required for the more conservative assumption of
efficacy. If the trial were done today, a reason for
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TABLE 1. Numbers and distribution of the 1,829,916 children
participating in the poliomyelitis field trial

Placebo design
Vaccinated
Placebo
Incomplete vaccination
Incomplete placebo injections
Nonparticipants

Total

Observed design
Vaccinated-second grade
First and third grades
Incomplete vaccination-second

grade
Second grade, not inoculated

Total

No.

200,745
201,229

8,484
8,577

330,201

749,236

221,998
725,173

9,904
123,605

1,080,680

%

26.8
26.9

1.1
1.1

44.1

100.0

20.5
67.1

0.9
11.5

100.0

increasing the sample size would be to make the con-
fidence interval around the point estimate smaller.
Confidence intervals were not generally reported at the
time, although they were calculated for the scientific
community.

The principal reason for having a larger sample size
than estimated is to be able to achieve a clear result,
even if the estimates are not current. There is nothing
more difficult to explain than obtaining no clear answer,
especially in something as public as this trial. For this
reason one rule of thumb, if logistically possible, is to
double the estimated numbers per group, but again, the
trial went beyond this. It did allow the ability to analyze
subset populations, which are equally important reasons
for larger numbers. The observed design could not serve
to augment numbers but only to give confirmation,
since there was no way results from the two methods
could be combined. The large size of the trial and the
use of two designs had some practical consequences:
both designs needed laboratory and administrative sup-
port, which was the reason Francis moved out of his
departmental office in the University of Michigan
School of Public Health and into special offices dedi-
cated to the evaluation center, its staff, and records.

SELECTION OF ENDPOINTS

In designing the protocol of any clinical trial con-
ducted today, there would be a requirement that the end-
points and case definitions be clearly laid out in advance.
In fact, regulatory authorities hold the investigators to
these predetermined endpoints to avoid what is some-
times termed "data dredging," or looking for those out-
comes for which significant differences would be found.
In the poliomyelitis trial, classification of cases was
carefully derived from examining characteristics after

they were reported. Classification was always made
before breaking of the code so that the investigators
were unaware of whether the child in question was a
recipient of vaccine or placebo. This is, of course, a defi-
ciency of the observed design since no blinding was pos-
sible, but the same case definition was used as in the
placebo-controlled design (50).

A basic question in deriving the case definitions,
given the ability at that time to determine whether a sus-
pected case was poliomyelitis, was whether laboratory
confirmation would be required or whether clinical char-
acteristics would be sufficient to determine that a case
had in fact occurred. The decision made was that labo-
ratory confirmation was not going to be required since it
might prove difficult to get the appropriate specimens in
time; rather, virologic data was used as part of an over-
all process of making a decision on case status. The case
definitions themselves basically categorized children
reported to the study with illness on the presence and
extent of paralysis. Paralysis became key for a number
of reasons, including recognition of the role of other
enteroviruses in producing illnesses which had consider-
able resemblance to cases of poliomyelitis but were
without similar extent of clinical disease.

Data on potential cases occurring in any child in the
first through third grades were collected and followed up
whether participation had been requested or not. For
completeness of reporting, the then named
Communicable Disease Center (CDC) and its Epidemic
Intelligence Service officers were involved in follow-up.
Physical therapists were employed to determine the pres-
ence and extent of paralysis. Categories used were para-
lytic poliomyelitis, nonparalytic poliomyelitis, doubtful
poliomyelitis, and not poliomyelitis. The decision about
final classification was complicated, and, as pointed out
repeatedly, was arrived at without knowledge of vacci-
nation status. Today, such a complicated system would
probably not be permitted in a definitive investigation
under regulatory review, except perhaps in a phase II or
pilot study. It is not at all clear that current insistence on
an a priori classification scheme, and not one which
evolves early in a study when blinding is still in place,
has resulted in an improvement in precision of endpoint
definition, especially when such a scheme is difficult to
establish.

In practice, paralytic poliomyelitis, the most critical
outcome, was first defined on clinical criteria. If there
was also virologic evidence of infection, and the type
was identified either by virus isolation or serology, then
the case was assigned to that viral type. A problem arose
when laboratory confirmation was negative or equivo-
cal. In this situation "the tendency was clearly to lean to
a diagnosis of paralytic poliomyelitis" (50, pp.
110-111). This was true even in the situation where
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Francis Field Trial of Inactivated Poliomyelitis 17

other viruses were isolated, as long as the clinical picture
was compatible with a poliomyelitis diagnosis. The next
diagnosis in the hierarchy, nonparalytic poliomyelitis,
was, as stated, "a difficult group to define." (50, pp.
110-111). To be included, a case had to have compara-
ble clinical characteristics, but no residual paralysis as
determined by the physical therapist. This diagnosis was
made with or without virologic evidence. The categories
doubtful poliomyelitis and not poliomyelitis were even
less specifically defined, and were included in the tabu-
lations to ensure completeness. The key outcomes, then,
were paralytic poliomyelitis, of which a large subset
could be confirmed virologically (more than 70 percent
of those with specimens collected), and the more ques-
tionable nonparalytic poliomyelitis.

CONDUCT OF THE TRIAL: RECRUITMENT AND
INOCULATION

As can be imagined, the trial was an enormous under-
taking, with the contribution of many groups and indi-
viduals such as Robert Korns, Fay Hemphill, John
Napier, and Herbert Wenner. The schools and local
health authorities were the main points of contact
between participants and their families and the trial
activities (50). In fact, the time when school was open
determined much of the scheduling of contacts. Such
collaboration between school administration and the
health system would be difficult to envision now for
many reasons, including privacy and other medicolegal
issues. This level of cooperation reflects the intense pub-
lic interest in the trial at the time and the feeling that it
was a grand national undertaking. First, all children in
the participating three grades were registered, and this
register checked for completeness. This was to be used
as the denominator in calculating certain frequencies of
outcomes. The so-called "request for participation" was
administered to families of all eligible children. A differ-
ent request was used in the observed areas, where par-
ents of children in the first and third grades were asked
to agree even though no vaccine was to be given to these
children. In fact, potential cases of poliomyelitis in par-
ticipating schools were followed even when no individ-
ual consent had been given. The children who were to be
inoculated would receive the poliomyelitis vaccine or, in
the case of the randomized group, placebo on the sched-
ule of 0,1-2 weeks, and 5 weeks. This schedule emerged
from the pilot tests of Salk et al. (48). The inoculations
needed to be given before schools closed in 1954 and
also before the start of the poliomyelitis epidemic sea-
son. It was well recognized that the epidemic season
began earlier in warmer regions. The vaccination period
ran from April to June 1954, with earlier inoculations
given in the southern United States. The participating
areas in Canada and Finland employed a delayed start.

There were dropouts in the course of the inoculation
schedules, which produced another category, incom-
plete vaccinations. The possible differential antibody
response to components in the vaccine was a major
question, as was the proportion of children already nat-
urally immune at the start of the course of immuniza-
tion. Therefore, collection of blood specimens was a key
part of the trial. This was done from a subset of partici-
pants in a systematic, rather than a random fashion.
There was neither a necessity nor was it feasible to have
these specimens collected from more than 2 percent (or
a minimum of 100 children) in each participating study
area. In the observed areas, control children were also
included but limited to those whose parents had
requested participation. These specimens were collected
for comparison to detect the possibility that infection
stimulated the antibody response between inoculations
and the potential occurrence of illness over the subse-
quent summer. The first specimen was taken before the
time of the first inoculation, or an equivalent time for
the observed controls. The second was obtained 2 weeks
after the time of the third injection. Collecting these
specimens sometimes required obtaining the blood after
schools had closed. This blood was timed to be at the
point when antibody would have reached a peak. The
third blood specimen was collected in November 1954,
after the summer poliomyelitis season. The overall
number of third bloods collected in the placebo area was
12,558, approximately equally distributed between vac-
cinated and placebo groups. In the observed areas,
20,944 third bloods were collected, with 44 percent of
these from vaccinated children.

DATA MANAGEMENT

From a current perspective, the idea that a study
which involved almost two million children could be
analyzed with only the technology of the mid-1950s is
hard to believe. One of the few groups of the time used
to dealing with data from large numbers of individuals
was the Bureau of the Census, and personnel from that
organization were recruited for starring the evaluation
center. Data entry and management were contracted to
International Business Machines (IBM), but given the
state of automatic processing at that time, much of this
work was done by clerical staff who entered the data in
longhand as well as by punching IBM cards. Records for
1,873,483 children had to be created and maintained, as
well as updated periodically (50). At the peak of activi-
ties, there were 118 persons employed as statistical
clerks, supervisors, and typists. There was considerable
attention to detail, with procedures in place for docu-
menting receipt, for editing and coding data, and for
detecting and correcting errors made in the field clinics.
Standard proportions of data were verified, a method
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still practiced in most large studies. Approximately two
million basic study identifier cards were punched by the
IBM Service Bureau in Detroit, Michigan, again with
multiple quality control procedures. Tabulation was
done mechanically using the largest machines available
at that time, with further calculations carried out by the
study's statisticians.

Vaccination and pre-outbreak bleedings concluded
just before or shortly after the close of school in June
1954. The remainder of the summer was the period for
collection of data on the outbreak and its results.
Autumn and winter 1954-1955, were periods for con-
ducting laboratory tests, refining and confirming diag-
noses, and then performing analyses on the tabulated
results (53). Data on side effects and other possible
adverse effects were also gathered. The code was finally
broken, but only at that time for those needing the infor-
mation to conclude their analysis and to prepare docu-
ments containing summaries of the results (54, 55).

ANALYSIS OF DATA AND RESULTS

The evaluation and its analysis were done in a totally
independent fashion, divorced from the developers of the
vaccine and other intensely interested parties such as the
National Foundation for Infantile Paralysis and the press.
The announcement of the results was organized as a
media event; this was in recognition of the fact that even
if it were handled in the usual manner, that is, at a scien-
tific meeting, it would still attract so much attention as to
become the central focus and detract from everything
else. The data were ready for release by spring 1955.
There was a desire not to have a hiatus in vaccine distri-
bution before the next summer poliomyelitis season, and
the time of the first announcement was driven by this
concern. In fact, the final study report did not appear for

another 2 years. In what was referred to somewhat face-
tiously as a coincidence, the announcement was made at
the University of Michigan at 10:00 a.m. on April 12,
1955, the anniversary of the death of the late President
Franklin D. Roosevelt (51). The report that the vaccine
"worked" set off national headlines and jubilation and
was followed almost immediately by the licensure of the
vaccine, which had already been produced and distrib-
uted. The essential results are shown in table 2, with lit-
tle modification from the way they were originally pre-
sented except for certain combination of groups. An
unusual feature in the table, to the modern reader, is the
lack of any reference to statistical significance. This did
not indicate, as will be discussed, that statistical issues,
especially p values, were not recorded as a necessary
consideration, but, rather, it reflected the era and the lack
of our current slavish reverence for significance testing
often over other relevant concerns. It also may have indi-
cated the realization that differences in this trial could
have been statistically significant even in the absence of
effects that would have been important from a public
health standpoint, given its large size. The key endpoint
was paralytic poliomyelitis, a subset in the category of
total poliomyelitis, which also included nonparalytic
poliomyelitis. The placebo design is the one most rele-
vant to the current observer, since it remains the standard
for vaccine evaluation. Efficacy or percent reduction (1
minus incidence in the vaccinated/incidence in the com-
parison group) was not calculated in the summary, but
was in the statistical section of the full report. The criti-
cal comparison was vaccinated individuals who had
completed the full schedule of inoculations compared
with placebo children who had also been completely
inoculated. The efficacy of preventing paralytic
poliomyelitis was 70.0 percent; the 95 percent confi-
dence interval, calculated according to a one-sided

TABLE 2. Summary results: episodes of defined events in participants in the two designs and attack
rates per 100,000*

Paralytic
poliomyelitis

Nonparalytic
poliomyelitis

Doubtful
poliomyelitis Not poliomyelitis

Placebo designf
Vaccinated
Placebo
Incomplete vaccination
Incomplete placebo
Nonparticipants

Observed design!
Vaccinated, second grade
First and third grades (controls)
Incomplete vaccinations
Second grade, not inoculated

No.

33
110

2
4

118

38
331

4
42

Attack rate*

16.4
54.7
24.5
46.6
35.7

17.1
45.6
40.4
34.0

No.

23
28

2
35

17
60

11

Attack rate*

11.5
13.9

23.3
10.6

7.7
8.3

8.9

No.

10
7

7

121
24

6

Attack rate*

5.0
3.5

2.1

5.4
3.3

4.9

No.

15
17

17

8
25

6

Attack rate*

7.5
8.4

5.1

3.6
3.4

4.9

•Attack rate per 100,000
t For numbers in groups, see table 1.
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Francis Field Trial of Inactivated Poliomyelitis 19

method used at the time, had a lower limit of 58 percent
(p < 0.001). At present, most regulatory authorities would
allow analysis limited to those completely vaccinated
only as a secondary, and not as a primary, analysis. The
point of randomization is considered the defining
moment in a clinical trial, since it is at that point that the
population in both groups should be totally comparable
in terms of those characteristics affecting the endpoint.
This is now called an "intention to treat," or i l l analy-
sis. At the time of the poliomyelitis trial, this was not a
concern of the investigators who never combined the par-
tially inoculated groups with others. They were more
concerned with the scientific question of the response to
the recommended course of vaccination in the inoculated
and in the comparable placebo group. When an ITT
analysis is performed on the data presented in table 2, the
efficacy determination only drops to 69.3 percent (1 -
16.7/54.3), only slightly lower than that in the completely
inoculated. The issue of whether the results in the appro-
priately vaccinated or the ITT population should be the
focus of attention in trials in which there is more diver-
gence between results is an open one, but not, in general,
to regulatory authorities. It would not have been a prob-
lem here, given the low frequency of noncompliance.

Results for other outcomes among the fully inoculated
confirmed the lower specificity of these diagnoses. For
example, the efficacy for nonparalytic poliomyelitis
(17.9 percent) was much lower than the efficacy for par-
alytic poliomyelitis. Because of a commitment reached
prior to breaking the code, the paralytic and nonparalytic
cases were combined (not shown) into a category called
total poliomyelitis. This was not used in discussions of
the significance of results. Another interesting compari-
son, yielding information more on characteristics of par-
ticipation in a trial of this sort, is the frequency of illness
between the placebo group and the nonparticipants in
the second grade. Frequency of paralytic polio per
100,000 was 54.6 in the placebo recipients and 36 in the
"not inoculated" group. This indicates a greater suscep-
tibility in those who agreed to be randomized, which is
in keeping with the fact that volunteering for such a trial
is more likely to occur in those from more educated and,
in general, a higher socioeconomic background with
more susceptibility to infection. This issue reappears in
interpretation of the results of the observed design.
Other issues which would have been raised if this study
were done today are many. One would involve the ques-
tion of multiple geographic sites. There is a tendency to
stratify in analysis when there is evidence of differences
in important variables such as attack rates. It is unlikely
that any major change would have occurred in the level
of statistical significance even if this had been done.

Results of the observed control design are also shown
in table 2, with the outcome categories identical to those

in the placebo design. Again, the outcome of paralytic
poliomyelitis is the one least subject to misclassification
and most comparable to the results of the other design.
The internal comparison closest to that in the placebo
design is between those in the second grade whose par-
ents agreed to have them vaccinated and the entire first
and third grades. This efficacy of vaccination is 62.5 per-
cent, with a lower limit of the 95 percent confidence
interval of 49.0 (p < 0.001). This lower point estimate of
efficacy compared with that in the placebo design, while
not statistically significant, can be explained by the same
phenomenon already described in that analysis. The first
and third grade controls contained both individuals who
would have participated in a trial if given a chance, and
those who would not. The latter would likely have had a
lower attack rate because those in lower socioeconomic
groups were no longer susceptible. With the lack of
appropriate comparison groups in the results from this
design, it is impossible to verify this explanation inter-
nally. However, it agrees with the internal comparisons
from the placebo design. This lower efficacy estimate
might have raised questions about the value of vaccina-
tion; these questions were not raised because of the
results from the placebo design and other evidence from
within the trial of differential antibody response by lot
number and a new inoculation schedule resulting in
higher antibody titers presented by Salk on the day of the
announcement by Francis (56).

SEROLOGIC RESPONSE AND SAFETY

Examination of antibodies of children from whom
blood had been collected gave information on the pro-
portion of the population susceptible to infection with
each of the three types of poliovirus, and the antibody
response to the three types. These results were not used
to modify the overall efficacy estimations of the vaccine;
they were employed primarily to explain the results and
to suggest ways to produce protection at a higher fre-
quency than that achieved in this field trial. In keeping
the focus on the primary outcome, the trial was similar
to methods now used in clinical investigation. Indeed it
would have been difficult, if not impossible, to use these
findings to modify the outcomes because few events
occurred in those from whom bloods had been collected.
Results of examination of lot to lot response to the vac-
cine were reported in some detail, but it is difficult to
relate these to a manufacturer or other obvious source of
variation, except for one factor, use of merthiolate as a
preservative (50, 57). This compound was added to
some vaccine lots to preserve sterility and, as a result,
inadvertently potency was lowered. Based on this exam-
ination of antibody response, it was obvious that the 70
percent efficacy estimate would have been higher if all
of the vaccine had behaved as well as the better lots. In
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fact, failures among vaccinees were individually evalu-
ated and were related to lack of antibody response, and
perhaps lack of duration of antibody. This was deter-
mined from blood specimens collected acutely when
cases occurred, before there would be an antibody
response to the infection itself (50).

Safety of the vaccine was always a prime concern and
had been raised as a major issue by some in the media.
It was quite clear with exhaustive testing that there were
few side effects associated with the vaccine. In
Pittsburgh, where Salk's laboratories were located, there
was a follow up of school absenteeism following vacci-
nation. The observed design seems to have been used in
these schools, and there was actually somewhat more
absenteeism in children who were not vaccinated than
among those children who were. Absenteeism studies
were also conducted elsewhere among students partici-
pating in the placebo design. Children in the placebo and
vaccine groups had an equivalent frequency of absen-
teeism, but the nonparticipants had much lower fre-
quency, because a chicken pox outbreak had involved
mainly the participants. This was taken as again indicat-
ing the different backgrounds of participants and non-
participants (50). Also, there was no evidence of infec-
tion by non-inactivated virus contained in the vaccine,
another concern.

The issue of anti-kidney antibodies as a side effect of
injecting a vaccine produced in monkey kidney had been
raised prior to the trial. Neva and Salk (58) studied renal
function in vaccinees and found no evidence of reduced
activity by the then available techniques. The antibodies
themselves were also sought and not found in small
numbers of individuals. The question of provocation by
the inoculations was taken very seriously and extensive
tabulations did not indicate any evidence of difference in
location of paralysis if it did occur. Provocation has
recently been reconfirmed as a real phenomenon, but
only when wild poliovirus is circulating (59).

After the morning announcement by Francis on April
12, 1955, Salk, who was a national hero in view of the
rapid, successful development of the vaccine, addressed
a news conference. In this setting, he presented a report,
published shortly thereafter, concerning an improved
schedule for vaccination, designed to induce antibodies
more quickly among the next group of vaccinees (56).
This was viewed by many as unfortunate timing, since it
detracted from the main announcement of success of the
trial and also addressed the issue of antibody response in
relation to efficacy which was avoided so as not to con-
fuse the message. First, he recommended separating the
first two inoculations, which had been given close to
each other in the trial, to 4 weeks apart; this schedule has
become standard for many inactivated preparations. He
also recommended that a booster inoculation be given

no earlier than 7 months from the first dose. This shorter
interval could be used to complete the three dose sched-
ule before the summer poliomyelitis season, that is,
when initial doses are given in the autumn. In addition,
he also recommended that all children vaccinated in the
1954 trial be given another inoculation of vaccine since
all that had been accomplished with the three doses
given over 5 weeks would be primary immunization and
a booster was still necessary. In fact, the validity of this
recommendation was confirmed in a study in Michigan
in which a booster dose was given 1 year after the immu-
nization in the field trial (60). The bloods collected
before this booster inoculation again demonstrated the
dramatic lot to lot variation of the vaccine used in the
field trial, reflected in antibody status, but all responded
satisfactorily to the booster dose. Once this booster inoc-
ulation was given, antibody titers remained elevated for
years (61, 62).

EVENTS FOLLOWING THE FIELD TRIAL: THE CUT-
TER INCIDENT AND LIVE VACCINE

The licensure of the inactivated poliomyelitis vaccine
for nonexperimental national use followed immediately
after the April 12, 1955, announcement. Vaccine was
still in short supply, and the six manufacturers now
involved were attempting to meet the pent-up demand.
Starting April 25, 1955, cases began to be reported
among the recipients of vaccine prepared by one of the
manufacturers, Cutter Laboratories, Berkeley,
California. By April 27, 1955, the vaccine produced by
Cutter was recalled. In addition, the Public Health
Service took other vigorous actions to address the prob-
lem represented by these cases, both in terms of labora-
tory manufacturing procedures and epidemiologic sur-
veillance for potential cases. Because of questions
regarding production, inoculations of vaccines from all
manufacturers were suspended on May 7, until vaccine
lots already produced could be recleared and inspection
of the various plants and procedures could be accom-
plished. By June 1, 1995, the reclearance process was
completed (63). However, in reality, because of the
chaos resulting from these events and concerns about
vaccinating in the midst of a summer with extensive
transmission of wild poliovirus, the vaccine programs
did not resume in earnest until autumn, 1955 (64).

The Cutter incident was temporally almost a continu-
ation of the field trial, and in many ways the incredible
speed and decisiveness of the official response grew out
of it. Had the data from the trial not been so solid on the
safety of the vaccine, the occurrence of vaccine-
associated cases could not have been dealt with so deci-
sively. The exact production problem that Cutter, and
only Cutter, had was never accepted by all involved,
since it involved legal liability. It was clearly related to
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the much larger scale of production required for a
licensed vaccine than for use in the experimental setting.
The supposition was that virus may have clumped, and
thus resisted inactivation by formaldehyde, or that it con-
tained more foreign protein than optimal, thus also
reducing the action of formaldehyde on the virus.
Whether this was related to errors in following specifica-
tions or lack of anticipation of these factors in the speci-
fications is not relevant; what is clear is that the problem
was quickly and completely solved and the only reason
that many individuals were affected in such a short time
was related to the high demand for vaccine during this
period. The rapid recognition of cases of vaccine-
associated poliomyelitis was also related to the occur-
rence of the incident. Since this took place before the
summer season, when wild virus would rarely be encoun-
tered, the cases could be more easily recognized (65).

For the next 6 years, inactivated vaccine was used
extensively in children in the United States and many
other countries. No further accidents occurred during
this period despite continuation of intensive surveillance
by the CDC, reassuring the public whose confidence had
been rapidly eroded by the Cutter incident. The inci-
dence of poliomyelitis had fallen dramatically to 0.8
cases per 100,000 (66). In 1961, the live attenuated vac-
cine or oral poliomyelitis vaccine (OPV) was licensed,
leading to a further dramatic fall in cases over time (67).
This vaccine had its most convincing effects in countries
such as Israel and Czechoslovakia where the disease still
predominated in young children, and groups which
could be more easily immunized with a vaccine, such as
OPV, not requiring several inoculations to achieve pro-
tection (68, 69). However, vaccine associated reactions
began to be related to OPV as well (70,71). It is instruc-
tive to compare the response and action taken to these
adverse events with those in the Cutter incident. The
vaccine-associated cases associated with OPV were
harder to recognize definitively since the cause was a
rare event, reversion of an attenuated vaccine virus to
wild disease-producing status. Studies over several years
were required, especially since wild nonvaccine-
associated cases were still occurring. The epidemiologic
studies were convincing; however it took much longer
for appropriate decisions to be made because of resis-
tance on the part of certain individuals to accept the fact
that such events could be occurring. This shows the
advantage of the strong consensus created by the
1954—1955 poliomyelitis field trial which allowed rapid
response to the occurrence of vaccine-associated dis-
ease. The nature of the two problems, one a defect in
production and testing of the product and the other an
inherent characteristic of the vaccine viruses, made the
response totally different. Still, had the acceptance of the
situation come earlier, recommendations about use of

OPV in, for example, unvaccinated adults who are at
increased risk of vaccine-associated paralysis (compared
with infants and children) could have been different, and
supplies of inactivated vaccine, for a period unavailable
in the United States, would have been maintained (71).

THE CURRENT SITUATION: RETURN OF THE INAC-
TIVATED VACCINE

After its introduction, the oral poliomyelitis vaccine
totally supplanted the inactivated vaccine in most of the
world. In the developed and newly industrialized coun-
tries, the attraction was ease of administration and the
fact that, with the generation of intestinal immunity, usu-
ally thought not to be produced by the inactivated vac-
cine, community control of transmission could be con-
templated (72). Only in certain northern European
countries had community control been achieved with the
inactivated vaccine, indicating some enteric protection
under appropriate circumstances (73, 74). Such commu-
nity protection was actually demonstrated in the United
States when high vaccination rates were achieved (75).
In the developing world, there was little choice but to
use OPV; here paralytic reactions were rarely reported
and transmission of the vaccinating virus was actually
used to overcome interfering infection with other enteric
viruses. With global elimination of transmission
impending and regional elimination already achieved,
any paralytic reaction produced by the vaccine has
become unacceptable, and the inactivated vaccine is
now finding its appropriate place again in the United
States (76, 77). Interestingly, the return of this vaccine
has been accompanied by development of vaccines of
increased potency, which allows reduction in the num-
ber of inoculations necessary (78-80). These vaccines
also permit combination with other preparations, once
again an approach which was being pursued at the time
of introduction of the vaccines in the 1950s and 1960s
(81).

LESSONS FOR TODAY FROM THE POLIOMYELITIS
FIELD TRIAL

As new vaccines and combination vaccines are tested
and introduced, many of the methods used date back to
the poliomyelitis field trial. Sample size estimations
were done but did not fully drive the size of the trial;
rather, other considerations did. In reality, sample size
estimations may guide decisions of numbers to be
included in a trial, but other issues, especially feasibility,
are of equal importance, although these factors may be
concealed by modifying the assumptions under which
the calculations are made. The case definitions may not
have been developed in advance, but they were valuable
enough to be used afterward in other studies, such as the
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evaluation of the Cutter incident. They did set a prece-
dent by being developed and enunciated before breaking
of the code. The analysis was not the intent to treat type,
but efficacy was calculated on the overall population,
not stratified for antibody response. This was controver-
sial at that time, especially given Salk's emphasis on
improving immunogenicity, but also set the stage for the
appropriate evaluation of the study as a whole.
However, most important was the insistence on the
double-blinded, placebo-controlled design. The need for
it was internally validated by comparison with the
observed group, strengthening the message that this
method was the essential element for the future. Thus,
this study, still in retrospect of monumental proportions,
made it difficult to consider another design for a pivotal
study of any vaccine or similar intervention.
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