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Changes in concepts and attitudes based on
the development of new scientific data have
been the hallmarks of the past two decades in
the vaccine area. In general, these changes have
evolved gradually from research efforts, and
then have affected both vaccine development
and control. Because our fundamental knowl-
edge of biology is still so incomplete, we remain
at the stage of evolving concepts and tech-
nology. One of the major challenges to a
national control authority, such as the Bureau
of Biologics in the United States, is to be able,
at least, to translate new information and
techniques into standards and control tests
where appropriate. This must be done in order
to continue to provide better levels of safety,
putity, and effectiveness for the regulated
products.

The application of new techniques or
methodologies to vaccines is not restricted to
those which are currently in research and
development phases. Occasionally scientific in-
sights are gained which allow us to improve
either a whole dass of already licensed prod.
ucts, such as the live virus vaccines, or perhaps
only one specific product. The major concern,
however, is not with the safety and efficacy of
most of the vaccines now licensed for use in
humans since, with few exceptions, they have
been well-established as safe and effective. That
Is not to say they are without problems or that
we know all we need to know about them. But
in the consideration of safety and effectiveness,
the vaccines which are currently at the stage
of research and development present the most
substantial problems. They are difficult scien-

tific problems-which is why they are still in
the research and development stages in 1976-
and they are difficult from the point of view of
identifying ethically acceptable test populations
and devising appropriate clinical protocols.

In an attempt to afford protection to human
subjects involved in biologics research and
development programs, the Food and Drug
Administration has established regulations
which we feel allow the assessment of risk for
man in a reasonable and stepwise fashion. This
is commonly referred to as the "phase" concept
in the evaluation of experimental biological
materials in human subjects. Baseline data are,
of course, first developed in animal and in 'itro
systems before any tests are undertaken in
humans. Once such preliminary studies have
been completed, and the biological appears to
be safe, protocols for the initial trials in humans
can be developed. The parameters which help in
defining the three phases of clinical investiga-
tion of a new biological are presented in Table
1. This represents the Bureau of Biologics'
current interpretation of the Food and Drug
Administration's regulations relating to the
investigationaluse of biologicals(1). The studies
begin with Phase 1 when the material is first
introduced into man. The human subjects are
evaluated in terms of: safety, reactogenicity,
transmissibility if the product is a living vac-
cine, potency, and efficacy of the new bio-
logical. First, a srnall group of about 10
individuals is tested. Because of the small
numbers, only those events which are likely to
occur at high frequency will be picked up.
Aspects of safety, such as reversion of an
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Table 1

Phases of Clinkal Investigtion

I II11

Number of Subjects 10-100 100-300 300-30,000
Rate of Increase 1/2 log, o 1/2 log10 1/2 log10

Safety Reveals only Reveals events Reveals low
Reectogenicity high frequency of moderate frequency
Transmissibility events frequency events

Broad confidence Narrow confidencePotency limnits limits
Potency-efficacy
Correlations

Efficacy Minimal data Majority ofcritical data

attenuated virus to a virulent form, might be
undetected at this stage if the frequency were

low. The most important type of information
gained at this stage of the evaluation relates to
gross safety, reactogenicity, and antigenicity.
Unexpected local or systemic reactions might
occur, or the virus could revert to a virulent
form and cause disease in contacts. Results such
as these, if they were to occur frequently, could
be identified in a small group, and therefore the
risks to larger numbers would be avoided. If the
intitial trial has gone well, the next step would
be to increase the number of subjects by an

increment of about 112 logy o (i.e. a factor of 3)
to 30 persons. The phase concept, then, is
simply a controlled incremental increase in the
number of humans participating as subjects in
the evaluation of a new biological product. The
inoculation of larger and larger numbers of
people is based on the evaluation of the data at
each preceding stage, and the conclusion that
the new product continues to be acceptable. It
is only dunrng Phase 2, after several hundred
people have been inoculated, that significant
information can be obtained to assess safety
and efficacy under conditions approximating
"normal" use. With some new products it may
be possible to evaluate effectiveness by artificial
challenge. Phase 3 studies correspond to large
clinical trials conducted by several groups using
a similar protocol. It is only at this stage that

one can assess adverse reactions or other events
which occur at low frequency. The efficacy of
the product under field conditions often can be
evaluated only at this stage with any significant
degree of reliability. On the other hiand, po-
tency data developed in Phase 3 are linked to
the efficacy observations.

As mentioned in the first part of this
discussion, our views regarding the safety,
purity, and efficacy of vaccines continue to
clhange as new knowledge is often accompanied
by a new technology. It is the application of
both the knowledge and the technology to
vaccines which has provided an increasingly
sound basis for demonstrating their accept-
ability prior to widescale fleld trials, or tile
Phase 3 studies that were just discussed. Several
examples from many past experiences illustrate
this point.

Rabies vaccine was the first of the vaccines
produced by laboratory manipulation of a
virus. Pasteur cultivated rabies virus serially in
the rabbit central nervous system producing an
attenuated live virus. While Pasteur's original
product was valuable, there were many concerns
about its safety. The work of Semple in 1919
showed that treatment of the vaccine with
plhenol effectively inactivated the infectious
vaccine virus yet resulted in a product that was
capable of stimulating immunity. Tile demon-
stration of this principle led to the development
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of several other viral and nckettsial vaccines.
A second major advance was the demonstration
that rabies virus could be grown in duck
embryos. Thus, it became possible to reduce
the amount of extraneous central nervous
system material in the vaccine and concomi-
tantly to decrease the incidence of allergic
encephalitis occurring as a complication of
vaccination. More recently the use of cell
culture techniques has been slhown to be
feasible for rabies vaccine production; this step
has allowed further decreases in the amount of
extraneous material and at the same time has
increased the potency. Several such prepara-
tions are being developed and tested in North
America and are already conmnercially available
for pre-exposure immunization in several coun-
tries. This brief review of the evolution of
rabies vaccines is illustrative of some of the
technical problems encountered with virus vac-
cines and the manner in which changes have
been brought about.
A major problem in the development and

use of viral vaccines relates to the safety of the
virus itself. lf the vaccine contains inactivated
virus, is the virus "completely dead"? It is not
difficult to draw examples from past unfortu-
nate experiences. In the first year of general use
of the "Salk-type" of poliomyelitis vaccine
some lots of this supposedly inactivated prod-
uct contained traces of live polio virus, and as a
consequence more than 100 recipients devel-
oped paralytic polio.

There is also a critical need to evaluate fully
the safety of live attenuated viruses used in
vaccines; past examples have shown that unless
carefully handled, such viruses may show either
increased virulence with the production of
disease or over-attentuation with the loss of
inmunogenicity. The experience of the mid-
1940's with yellow fever virus vaccines of
increased neurovirulence and the more recent
experience with rubella virus vaccine produced
in canine renal cell cultures are pertinent
examples. With the rubella virus, duplicate
attempts to produce vaccine by identical
passage series led in one instance to a prepara-

tion of satisfactory immunogenicity and in
another to marked over-attenuation and loss of
immunogenic effectiveness. In recent years the
development of the concept of the seed lot
system has assisted in insuring the stability of
live virus vaccines. Here, virus, over a very
narrow range of cell passages, commonly two at
the most, is tested clinically to evaluate its
safety and effectiveness. Whenever possible, the
attenuated seed and/or vaccine virus is also
evaluated in laboratory animal model systems.
The production of vaccine from well charac-
terized seed materials closely related to the
material shown to perform satisfactorily in
clinical trials greatly reduces the likelihood of
sudden unexpected clhanges in performance of
the vaccine. In addition, the evaluation of
production material in an appropriate animal
model provides additional insurance that the
vaccine is similar to the accredited seed virus.
The neurovirulence tests in monkeys on live
polio and yellow fever vaccines are familiar
examples. The evaluation of such tests should
be a continual process. Currently, in the United
States we are reevaluating the criteria for
interpreting the results of each of these tests.
The intent of this re-analysis is to sharpen up
the criteria by which test results are inter-
preted, and to make use of additional data
accumulated over the past decade.
No less important a hazard than considera-

tions related to the virus in the product is the
problem of contaminating microbial agents.
Such contamination can result from en-
dogenous contamination of the cell cultures
used for vaccine production or from exogenous
contamination introduced during manufacture.
In the past, both types of contamination have
occurred.

The first significant experience with en-
dogenous contamination of modern cell culture
produced vaccine was that of SV40 contami-
nated rlhesus monkey kidney produced polio-
myelitis vaccines: a second major incident was
the discovery in 1960 by Rubin that chicken
flocks and the embryonated eggs derived from
them were contaminated with avian leucosis

47



8. C. PetriccianW, H. M. Meyer, Jr., P. D. Parkman, and H. L Hopps

viruses. Both of these viruses have been shown
to be oncogenic in animals. Prior to recognition
of these agents, SV40 contaminated poliovirus
vaccines and leucosis virus containng measles
vaccine were administered to thousands of
individuals. This experience has been well docu-
mented in the literature and needs no further
comment for this audience. As a result of these
experiences many new stems have been ap-
plied to the testing of biologics for the detec-
tion of overt or latent viruses. Techniques used
have included cocultivation of the production
culture with other species and types of cells,
examination by electron microscopy, immuno-
fluorescent staining, examination using enzyme
detection for the reverse transcriptase of onco-
genic RNA (oncorna) viruses, and attempted
induction of latent viwes using halogenated
deoxyuridines. It is Important to stress that, to
date, no vaccine viruses or contaminants of
vaccines have been found to be oncogenic for
man.

The most disastrous incident related to
exogenous contamination was that related to
the use of human serums as a stablilizer for
yellow fever vaccine during World War II.
Hepatitis B virus contaminated the serun and
produced hepatitis in many thousands of recipi-
ents before the relationship to yellow fever
vaccine was recognized. Learing from this
experience, most investigators have been ex-
ceedingly cautious about the use of materials of
human tissue ornign in the vaccine production
process.

Calf or fetal bovine sera are commonly used
during the outgrowth phase of cell cultures
used for live virus vaccine production. Before
the cell cultures are inoculated with the produc-
tion seed virus, the medium containing serum is
removed and the monolayers rinsed. None-
theless, nmicrobial contaminants originally
present in the serum could persist and multiply
in the cell culiure and thus be incorporated
into vaccine harvests. The contamination of cell
culture systems in this way with bovine viruses
are well known and guarded against by testing
of the sera used. Mycoplasmas are also a

potential contaminant since these organisms are
commonly found contaminating bovine sera.
Recent work with Mycoplasma hyorhinis indi-
cates that as many as 65% of the strains fail to
produce detectable growth in conunonly used
solid or liquid mycoplasma media. Generally
these organisms were detected by the cyto-
pathic effects induced in a variety of cell
cultures being carried in research laboratories
including RK13 and WI-38 cells. Their presence
was confirmed and their identity established
using specific epi-immunofluorescent stainiung
procedures. This work is being extended to
evaluate other mycoplasma species, and wil be
applied to cells used for vaccine production.

Another serum-related contaminant of live
virus vaccines was discovered in 1973. Batches
of bovine sera purchased for laboratory use
were found to be contaminated with bac-
tenrophages. We extended these observations
and reported the presence of phages in live virus
vaccines using standard isolation techniques as
well as electron microscopy. The bac-
teriophages appear to be introduced initially
from the bacterial contanmnants present in the
sera. Phages pass readily through the "steri-
lizing" filters used to retain the bacteria. While
there is no evidence to suggest that the presence
of phages In vaccnes is harmful to man, their
discovery in vaccines has provided the inpetus
for the development of systems for aseptic
serum collection which will result im a product
free of bacteria and thus of bacteriophages.
Bacterial contamination of sera or of vaccine
production substrates, such as the embryonated
eggs used for the preparation of inactivated
influenza virus vaccine, can result in bacterial
endotoxins in the fial product. During this
past year efforts have been directed toward
reducing the levels of endotoxin contaminating
influenza vaccine. The continuing development
of the limulus amebocyte lysate test system has
provided a convenient and sensitive assay sys-
tem for monitoring endotoxin contamination.

These several examples from the past illus-
trate cdearly that as knowledge and technology
have advanced we have not only learned about
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past mistakes but have been able to apply the
knowledge and techniques to the control of
vaccines In order to improve the levels of safety
of those products. Finally, at least some brief
mention should be made of testing problems in
the development of new vaccines. Only two
examples will be cited of the many possible
biologicals that are in the research stage.

Bacterial vaccines, by virtue of their con-

stituent antigens, can be highly reactive and/or
non-immunogenic in man. However, recent
positive developments in the area of bacterial
polysaccharide vaccines may herald a new era

for bacterial vaccines in general. Meningococcal
vaccines are good illustrations of progress in

this area.

Serum antibacterial antibodies confer im-
munity to meningococcal meningitis. Several
attempts at preventive immunization with
whole bacterial cell vaccines were unsuccessful.
Newer techniques of fractional precipitation
have permitted isolation of highly purified
meningococcal group-specific antigens. The
meningococcal group-specific antigens are cap-

sular polysaccharides which exert the same

antiphagocytic effect as has been shown for
pneumococcal polysaccharides. Three groups,
meningococcal groups A, B, and C, account for
about 959o of meningtis cases. Each group-
specific antigen is associated with distinctive
epidemiologic, chemical, and immunologic
properties.

First, Meningococcal Group C and then
Group A antigens have been prepared in a

highly purified, non-reactogenic form, and
three meningococcal polysaccharide vaccines,
monovalent A. monovalent C, and bivalent A-C
vaccines are licensed in the United States for
selective use.

The development of polysaccharide vac-

cines such as those just mentioned adds an

entirely new dimension to the demands made
on the control testing laboratory. It has been
necessary to develop a battery of biochemical
and biophysical test procedures not previously
used in examining the older types of bacterial
vaccines. On the basis of these tests it has been

possible to formulate testing guidelines cor-
relating the biophysical and biochemical prop-
erties of the vaccines with Immunogenicity in
man. Undoubtedly, the use of these sophisti-
cated fractionation methods will be employed
in looking at many of those pathogenic bacteria
against which there are no effective vaccines at
present. Studies are already in progress with
polysaccharides obtained from Pneumomoccus
and from Hemophilus influenzae, type b. It is
obvious that we shall see many changes and
developments In this area and it is essential that
the testing laboratory keep pace with these
developments. Effective product control can
only be achieved through close liaison with
those involved in research relating to develop-
ment of the vaccine product.

There is Intense interest in the relationship
between herpesviruses and oncogenicity. Obvi-
ously a great deal more must be learned before
a commitment to vaccine development against
an oncogenic virus can be made. However, if
more convincing evidence does become avail-
able, it is within current technological capa-
bility to produce inactivated vaccines for these
viruses. However, evaluation of the effec-
tiveness of vaccines against cancer will present a
major problem. Urge populations of vaccinated
and unvaccinated control persons would have
to be followed over a period of many years
before a definitive answer regarding efficacy
could be completed. Perhaps other indices of
protective effectiveness would correlate with
efficacy aginst development of cancer, protec-
tion against primary herpetic disease or the
testing of vaccines in animal models such as the
herpesvirus induced leukemias and lymphomas
of monkeys and other primates. While It might
be technically possible to develop a lhve herpes-
virus vaccine, analogous to the Marek's disease
vaccine of chickens, ethical considertions in-
volved in documenting the safety of such a
preparation would be insurmountable at the
present time. However, we must bear in mind
that there may be some herpesvirus ofmonkeys
that could prove to be a naturally attenuated
anticancer vaccine for man,if only it could be
tested in man.
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Probably many dramatic opportunities for
future advances in controling disee will come
in determining the exact role of viruses in the
many malignant, degenerative, and chronic dis-
eases of man. When vims-associated conditions
can be recognized and their etiologic agents
identified, one can begin the development of a
series of new biologic products. However,
progress in each instance will in good part
depend upon success in developing laboratory
safety tests that can reliably predict per-
formance of these new biologics in man.

The goal of a regulatory agency is to protect
the public. It can do so by avoiding unnecessary
delay in certification, as well as by ascertaining
that no ill-conceived shortcuts are taken in the
collection of data relating to safety and effec-
tiveness. The creative regulatory agency
operates as a catalyst in the process.

Good regulation requires a working famil-
iarity with the pertinent scientific data and an
ability to communicate the logic derived from

these data to other groups which influence
policy relating to biologics. Our minds must
remain open in assesing new approaches and
new methodologies. Often groups become
locked into positions developed in the past such
as, one cannot use established cell lines for
vaccine manufacture; or, clnical testing of
attenuated cancer vaccines would be imn.
possible. Today's tenets may not hold for
future vaccines. While we must proceed with
caution we must also continually reevaluate
the risk/benefit calculations in the light of the
most recent scientific developments. Ideally the
regulatory agency can work as a catalyst to
bring together good science, good manufacture,
and good use of new products.
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