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Preface '

In 1982, the National Institute of Allergy and Infectious Dis-
eases (NIAID) established the Program for the Accelerated
Development of Vaccines. For 20 years, this program has helped
stimulate the energy, intellect, and ability of scientistsin micro-
biology, immunology, and infectious diseases. Vaccine research
has certainly benefited. The status report reflecting this
progress in vaccine research has come to be known as the Jor-
dan Report in recognition of Dr. William Jordan, past director
of NIAID’s Division of Microbiology and I nfectious Diseases
(DMID) and the progran's earliest advocate.

Thisanniversary edition of the Jordan Report summarizes 20
years of achievementsin vaccine research driven by the explo-
sive technological advancesin genomics, immunology, and
molecular biology. Increased knowledge of theimmune system
has helped to define the mechanisms needed for successful
immunization. Genomic tools are hel ping researchersidentify
and fine-tune the targets most appropriate for use in developing
candidate vaccines. The payoffs from genomics are just begin-
ning. Using tuberculosis as an example, in just 6 years research-
ers have sequenced the genome, have identified new targets for
vaccine devel opment, are working to analyze the function of
more than 400 proteins, and are poised to conduct clinical evalu-
ations of the first new candidate vaccinesin 80 years. Thisyear
the Anopheles gambiae and Plasmodium falciparum genomes
have been sequenced and, together with the human genome
data, will allow researchersfor thefirst timeto listenin onimmu-
nologic conversations of vector, pathogen, and host.

Along with these technological advances, there has been a
heightened awareness of the importance of vaccines for global
health and security. Acquired immunodeficiency syndrome
(AIDS), malaria, and tubercul osis have demonstrated to the
world theimportance of public health in economic devel opment.
Most recently, the threat of bioterrorism has reminded many
Americans of the value of vaccines as public health toals.

Articles by outside expertsin this edition highlight many of the
scientific advances, challenges, and issues of vaccine research
during these two decades. As we look to the decade ahead, the
payoffsfrom basic research will continueto invigorate vaccine
development, but economic, risk communication, and safety
challenges are likely to influence the licensing of new vaccines.
The “easy” vaccines have been developed; many challenges lay
ahead for new and improved vaccines. The emergent tools and
enhanced interest, commitment, and resources that have been
developed in the preceding decades will be required to meet
these challenges.

CaroleHeilman, Ph.D.

Director

Division of Microbiology and Infectious Diseases
National Institute of Allergy and Infectious Diseases
National Institutes of Health
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History and Commentary
WilliamJordan, M.D.

Oneweekend in early 1980, Dr. John R. Seal, Deputy Director of
the National Institute of Allergy and Infectious Diseases
(NIAID), sat at hisdesk in the basement office of hishomein
Bethesda, Maryland, and drafted a hand-written proposal for the
launching of anew initiativethat led, with few modifications, to
the creation of the Program for the Accelerated Devel opment of
Vaccines and established NIH asthe lead Federal agency for
vaccine research and development. The Microbiology and
Infectious Diseases Program (MIDP), thedivision | becamethe
director for in 1976, assumed responsibility for implementation of
the program. During my tenure, | reported annually toNIAID’s
Advisory Council on the status of vaccine development. In
1992, for the 10th anniversary of thisupdate, Dr. John La
Montagne, my successor as the director of what is now the
Division of Microbiology and Infectious Diseases (DMID),
named thisreport the Jordan Report. Although | retired in 1987, |
have been able to keep in touch with the staff of thisdivision
thanksto the kindness of Dr. Anthony Fauci, Director of NIAID,
and have been doubly honored by the request that | write my
personal historical perspective for this 20th anniversary report. |
beg the indulgence of the reader for what followsis, of neces-
sity, somewhat autobiographical, and the “introduction” has
evolved into an accounting of 20 years of effort to develop new
and improved vaccines.

How wasit that | came to discuss vaccines with Dr. Seal ?
Without conscious effort, | was prepared to do so, beginning
with Dr. Hans Zinsser’s bacteriology course at Harvard Medical
School and Dr. Leroy Fothergill’selectiveinimmunology. My
laboratory instructor was Dr. John Enders. For the thesis
required by the Department of Parasitology, | choseto write
about the epidemic of eastern equine encephalomyelitisin
humansthat occurred in New England in August 1938, the
month before | entered medical school. | wrote that Fothergill
and Dr. John Dingle (unknown to me at the time) had recovered
the virus from brain tissue, and that the latter had shown that
thevirus produced afatal diseasein pigeons(1). In 1940-41,
during my medical clerkship on the Harvard service of Boston
City Hospital, | functioned as an intern (striker) because so
many of our house officers had joined military service. My
attendantsincluded Dr. Maxwell Finland, Dr. Chester Keefer, and
Dr. Dingle. | sat by the bedside of a patient with pneumococcal
pneumoniawho was experiencing acrisisinduced by type-
specificimmune serum. Oneyear later, asan intern on the same
service, | was successfully treating patients, under the direction
of Dr. Finland, with sulfonamide drugsfor similar infections.
About thistime, Dr. Dingle and Dr. Lewis Thomas confirmed Dr.
Harry Dowling'sreport that sulfadiazinewas highly effectivein
thetreatment of meningococcal meningitis.

After Pearl Harbor, most of my able-bodied classmatesjoined
either the Army or the Navy. Just before | |eft for active duty in
the Navy, | was an assistant resident and treated a patient
critically ill with staphylococcal bacteremia secondary to ahuge
carbunclewith penicillin, anew antibiotic rationed by acommit-
teechaired by Dr. Keefer. My chief resident, Dr. Carlton
Chapman, kindly mailed the patient’s discharge summary to me
at my first duty station at the Naval Operations Basein
Reykjavik, Iceland. After enjoying this capital city for some
months, | was assigned as medical officer to aremote tank
farm—run by the Seabees and guarded by the Marines—that
served as the North Atlantic fuel depot for the United States and
British fleets. Shortly after we had been frozen in for some days,
aliberty party madeit to Reykjavik and back, bringing influenza
virusto the base. | was able to track the spread of illness from
Quonset hut to Quonset hut while rgjoicing that there were no
serious illnesses even among the older Seabees. | was so
pleased with the report on the epidemic that | prepared for the
Navy that | sent acopy to Dr. Finland. | was later to learn that
Dr. Thomas Francis, with the help of Dr. Jonas Salk, had recently
developed an inactivated influenza virus vaccine that was highly
effectiveinyoung military recruits.

Shortly after D-day inthe summer of 1944, | flew home onleave
before my next duty assignment. My home wasin Fayetteville,
North Carolina, just 10 milesfrom Fort Bragg, anArmy base
whose mission included the basic training of new recruits. It also
housed the laboratory of the Commission on Acute Respiratory
Diseases (CARD) under the auspices of the Armed Forces
Epidemiological Board (AFEB). Dr. Dinglewasnow Director of
CARD, with astaff that included Dr. T. J. Abernathy, Dr. George
Badger, Dr. Alto Feller, Dr. Alex Langmuir, Dr. Clayton Loosti, Dr.
Irving Gordan, Dr. Charles Rammelkamp, and Dr. Hugh Tatlock.
That group was to define an epidemic respiratory disease
syndrome distinct from influenza—acute respiratory disease
(ARD) for military recruits—and to show by volunteer studies
that it was etiologically distinct from the common cold and
primary atypical pneumonia, despite the inability to culture any
of theagents (2). Someyears|ater, Dr. Maurice Hilleman, then at
Walter Reed Army Institute of Research (WRAIR), isolated an
agent (RI 67) during an epidemic of ARD at Fort L eonard Wood
that was shown to belong to the family of adenoviruses first
identified by Dr. Robert Huebner and Dr. Wallace Rowe of
NIAID’sintramural laboratories (3). Evenlater, Dr. Robert
Chanock, working in the same |aboratories with adenoviruses
type 4 (RI 67) and type 7, developed alive, oral vaccine that was
shown to be highly effectivein marinerecruits (4). A manufac-
turer, Wyeth, devised away to stabilize thelive virusin tablets
and created a bivalent adenovirus vaccine that was soon being
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administered to al military recruits. ARD essentially disap-
peared. Curioudly, attemptsto find adenovirus 4 at the military
academiesand in civilian populationsfailed, limiting the market
for the vaccine. This fact was to have serious conseguences in
recent years when the manufacturer stopped making the vaccine
for the Department of Defense, and ARD returned to recruit
camps. Asfor another of the three entitiesidentified by CARD,
atypical pneumonia, NIAID’sDr. Chanock was among thefirst to
show that it was not caused by a virus, but by an antibiotic-
sensitive mycoplasma, Mycoplasma pneumoniae (5), subse-
guently shown to be the cause of 25 percent of al cases of
pneumoniarequiring hospitalization. Attemptsto develop a
vaccine have not been successful to date.

My next duty assignment was to the Tropical Disease Service of
the Hospital of the National Naval Medical Center in Bethesda,
Maryland, wherethe wardswerefull of marinesback fromthe
South Pacific with P. vivax maariaand filariasis. Wewere ableto
report to acommittee headed by Dr. James Shannon, destined to
become Director of NIH, that anew drug, chloroquine, was
effectivefor thetreatment of malaria. Also, my rudimentary
knowledge of immunology was boosted by a study of the use of
the antigen of the dog worm, Dirofilariaimmitis, for askintestin
humans. Thanks to the kindness of my two senior officers, this
resulted in my first scientific publication (6). Next followed 16
months of sea duty in the Pacific, culminating in ferrying troops
to Japan and waiting to bring them home. | learned that respira-
tory infections disappeared after aweek at sea.

In August 1946, | returned to Boston City Hospital as Assistant
Resident and reestablished contact with Dr. Finland and Dr.
Dingle. The latter had accepted the invitation of the dean of the
School of Medicine of Western Reserve University (now Case
Western Reserve University) in Cleveland, Ohio, to create anew
Department of Preventive Medicinewith responsibility for the
care of patients with infectious diseases in University Hospital.
Dr. Dingle accomplished thisby bringing al ong three members of
the senior staff of the CARD laboratory at Fort Bragg and
adding others, including Dr. Harold Ginsberg, who had been
Chief of Medicine at Fort Bragg's hospital and had done
postwar research at the Rockefeller Institute, and Dr. Richard
Hodges, a pediatrician who had conducted the pioneering study
of pneumococcal polysaccharide vaccinewith Dr. Colin McLeod
at anArmy air basein Sioux Falls, South Dakota. Devel opment
of this effective vaccine was made possible by the basic
research of Dr. O. T. Avery, Dr. Michael Heidelberger, Dr. Maclyn
McCarty, and Dr. McLeod. It led to the successful studies of Dr.
Raobert Austrian involving South African gold miners, which
became the basis for the current 23-valent polysaccharide
vaccine recommended for usein adults. Dr. Dingle, now adept at
soliciting grant and contract funds, asked meto join his Depart-
ment of Preventive Medicineinthe summer of 1947, withajoint
appointment in medicine.

My first assignment wasto Division 30 in University Hospital, a
unit with airflow designed to limit the spread of microbes. This

clinical setting provided the opportunity for me to observe
multiple cases of cold agglutinin positive (the only diagnostic
test that was available until M. pneumoniae was discovered)
primary atypical pneumoniain anumber of familiesandto
confirm the previously reported incubation period before
antibiotic therapy altered the epidemiology. Patientswith
pneumococcal pneumonia became the source of convalescent
serafor astudy of the effect of penicillin treatment on the
immune response to the infecting pneumococcus. Most
importantly, this continuous clinical activity introduced meto
the young and senior physicians of the staff so that when the
polio epidemic of 1952 struck, | was asked to chair the hospital’s
polio team. It was a brutal introduction to paralysis and tracheo-
stomies when city and university hospitals faced a shortage of
respirators. A fated care of love bird-related psittacosis |led to the
identification of afamily epidemic with the help of serologic
studiesdone by Dr. Hillerman’slaboratory at WRAIR (7).
Division 30 also gave me access to beds for two patients
suffering alate complication of syphilis—paroxysmal cold
hemoglobinuria. With the help of afine protein chemist, Dr.
LouisPillemer, | wasableto describetherole of complement
components in the hemolysis of the Donath-Landsteiner
reaction (8).

At Western Reserve University, | joined in the teaching of
preventive medicine, including the use of vaccines, and soon
becameinvolved intwo major research activities: Examination
and experimental revision of the medical school curriculum, and
planning and participation in alongitudinal study of illnessin a
group of young familiesliving in the Cleveland suburbs close to
themedical school. This9-year (1948-1957) study of adefined
population of civilians becameknown asthe Cleveland Family
Study (9). It described the incidence and behavior of undifferen-
tiated common respiratory diseases, streptococcal infections,
influenza, infectious gastroenteritis, and al other illnesses using
the laboratory tools then available. The plethora of new respira-
tory and enteric viruses “ searching for diseases’ became
available just asthe project ended. But | did have the opportu-
nity to study epidemicsof H N, influenzain 1950, 1951, and 1953
and to show that prior familial contact with the virus effected an
approximate 70-percent reduction in rates of influenza-like
diseases after an interval of either 1 or 2 years. The study
continued through the pandemic of H,N, (Asian) influenzain
1957. Incomparison withthe earlier H, epidemics, H,virus
infected more than three times as many families and two to three
times as many persons. Littleinfluenza vaccine was used despite
itsavailability. The attack rate was highest in the 5- to 15- year-
old age group, and school children were responsible for more
than four-fifths of the introductions of virus to the homes—a
good reason for immunizing children during the next pandemic.

It was how possible to grow adenoviruses. This allowed Dr.
Ginsberg to test sera stored since the CARD volunteer experi-
ments. Men infected with the ARD inocula showed antibody
responses to type 4 adenovirus, confirming the observation that
thisvirusisacause of ARD for military recruits (10). Inthe
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spring of 1954, shortly after theidentification of type 4 adenovi-
rus, | screened serafor type 4 neutralizing antibody. None of 73
children (1 to 18 years of age) had this antibody. For the parents,
6 of 43 mothers (14 percent) and 20 of 41 fathers (49 percent) had
type 4 antibodies (11). Further, the availability of seracollected
at intervalsin previous years permitted measurement of thetime
and frequency of acquisition of type-specific adenovirus
antibodiesin thefirst 5 years of life. There was a steady increase
in the percentage of children with type 2 antibody such that by
the age of 5 years, 51 percent of children had this antibody. The
acquisition of type 1 antibody occurred at asimilar rate to the
37-percent level by age 5. Except for an epidemic of nonbacterial
tonsillitis and pharyngitisin the summer of 1954 that was
associated with type 3 adenovirus, it was not possible to
associate an illness with the viral isolation that was responsible
for the acquisition of antibody. For this and other reasons, it was
estimated that an effective polyvalent vaccine would result in
only a6-percent reduction in the number of illnesses experi-
enced by childreninthefirst 10 years of life—an observation
that undoubtedly reinforced industry’s lack of interest in such a
vaccine. It isnow known that there are more than 50 adenovirus
serotypes.

Asnoted, during the summer and fall of 1952, the Cleveland
metropolitan area experienced the highest incidence of poliomy-
ditisinitshistory. Thevirus most frequently isolated from
clinical caseswastype 1. One paralytic case of type 1 occurred
in a13-year-old boy in one of the study families. He recovered
without residual. Testing of pre-epidemic serafrom 158 persons
showed that this group was highly susceptible (68-70 percent)
to all polio types. Of 147 personstested, there were atotal of 52
isolations, of which 48 were from the throat. Type 2 predomi-
nated (12), followed by type 1 (9) and type 3 (1). Therewasho
evidence of infection in the presence of homotypic antibody.
Two years later, during the months of October and November
1954, at which time no cases of paralytic poliomyelitiswere
reported in the community, six strains of type 1 polioviruswere
isolated from pharyngeal swabs collected at the time of respira-
tory illnessesin three families (12). Theindividualswho shed
virus devel oped serologic incidence of infection. Because of Dr.
Albert Sabin’sinterest in finding avirulent strains, the viruses
were sent to him for testing in cynomolgus monkeys. He
summarized hisresults asfollows: “ The quantitative
tests...performed in monkeyswith the poliomyelitis strainsfrom
families 29 and 80 indicate that they belong at the other attenu-
ated end of the spectrum that would be expected to be

nonparal ytogenic for chimpanzeesin the maximum dosage.”

| later visited Dr. Sabin at hislaboratory at Children’sHospital in
Cincinnati, Ohio, with the request that he test paired serafrom
patients with gastroenteritis with an agent recently identified by
him that hefirst called “human enteric virus,” later classified asa
reovirus. The tests were negative, but | was treated to areview
of hislaboratory notebooks for testing polioviruses in monkeys
during the several days of my visit. One of the investigatorsin

Sabin’'slaboratory prior to joining NIAID was Dr. Robert
Chanock, who had just discovered parainfluenzaviruses (13);
three types were later to beidentified. Accordingly, sera
collected throughout the Cleveland Family Study and in thefall
of 1957 weretested for neutralizing antibody for each type (9).
With type 1, the percentage of individuals with a detectable
antibody increased with age to 50 percent by age 14 years, along
with 75 percent of adults. Comparison of the 1957 antibody
levelsfor parentswith their levelsin 1947-48 indicated that type
1 was highly active in this population during the 10 years of the
study. With type 2, antibody was found in one-third of the
children and one-half of adults. With type 3, the percentage of
individualswith antibody waslow at 1 year of age (9.5 percent),
but rose rapidly, reaching 65 percent by 2% years of age. By 3'2
years, 85 percent of the children had the antibody. Studies by
others have shown that such infections are responsible for a
significant amount of morbidity, afact that has stimulated efforts
to develop a parainfluenzavirus vaccine.

The gastrointestinal illnesses that prompted the visit to Dr.
Sabin were among the 4,057 (16 percent) of 25,155 total illnesses
observed during the 10 years of the family study. Early observa-
tions suggested that at |east two types of illness—afebrile and
febrile—were occurring in the popul ation. In collaboration with
Dr. Irving Gordon, then at the Division of Laboratories at the
New York State Health Department in Albany and who facilitated
transmission and cross-challenge studies with volunteers
housed in an isolation unit at the New York State Vocational
Institution, West Coxsackie, New York, evidence was obtained
that at least two agents were responsible for nonbacterial
gastroenteritis (14). We lacked the electron microscopy and
other sophisticated technology used by Dr. Albert Kapikian to
identify rotaviruses and a number of other viruses responsible
for diarrheal illnesses. Many studies have now shown that such
viruses cause sufficient morbidity here and abroad, particularly
in developing countries, to justify the development of vaccines.

There was no difficulty making the diagnosis of streptococcal
tonsillitisand pharyngitisin the well-housed Cleveland Family
Study population. Fortunately, the 437 infections accounted for
only 2.77 percent of 15,783 respiratory infections. The samewas
not true of military populations, particularly those in the Rocky
Mountain area. CARD created acommittee headed by Dr.
Rammelkamp to attack the problem, and the Army assigned two
medical officers, Dr. Floyd Denny and Dr. L ewisWannamaker, to
temporary duty at Western Reserve University to work with Dr.
Rammelkamp. A field laboratory was established at Fort Francis
E. Warren, an Air Force base near Cheyenne, Wyoming, for
conducting epidemiological and clinical studies of streptococcal
infections and rheumatic fever. It was this group that demon-
strated that penicillin treatment of streptococcal infections
prevented rheumatic fever (15). The committee evolved into the
Commission on Streptococcal and Staphylococcal Diseases and
advised the armed services regarding the use of routine bicillin
prophylaxis. Another maninthe“ Strep Lab” wasRichard
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Krause, a student at Western Reserve University School of
Medicinewho took ayear off in 1950-51 between histhird and
fourth yearsto work as alaboratory technician in Wyoming. In
time, he became Director of NIAID and sent Dr. Sedl to Lexing-
ton, Kentucky, to recruit meto NIH. Now with Fogarty Interna
tional Center, Dr. Krause maintains an interest in streptococcal
infections and is so encouraged by the work of those trying to
develop agroup A vaccine that heis seeking asitein India
where one could be tested.

During my yearsin Cleveland, | had increasing contact with
other investigators with similar interests through attending
meetings of professional societies. My mentor, Dr. Dingle, made
me amember of CARD in 1956, and | becamethe director of this
busy commission in 1959. It wasin this capacity that | first met
Dr. Sedl, then anaval medical officer at Great LakesNava
Training Station. It was customary for CARD and the Commis-
sion on Influenzato hold a 1-day joint meeting before the
annual fall meeting of the Central Society for Clinical Research
in Chicago. Dr. Seal and otherswere active participants. Our
contact continued during my years at the University of Virginia
School of Medicinein Charlottesville. Heretired from the Navy
to become Scientific Director and then Deputy Director of
NIAID under Dr. Dorland Davis. Inthis capacity, heinvited me
to serve as chairman of two U.S. delegations to the Soviet
Unionintheearly 1970swhilel was Dean of the College of
Medicine at the University of Kentucky in Lexington.

Prior to my yearsin Kentucky, | served as Chairman of the
Department of Preventive Medicine and Professor of Preventive
Medicine and Medicine at the University of Virginia. Shortly
before my move from Western Reserve University, rhinoviruses
had been grown in human diploid cells, so this breakthrough
was used in the study of respiratory illnessesin alarge popula
tion of officeworkers(16). | had the help of Dr. Jack Gwaltney, a
graduate of the University of VirginiaMedical School who had
interned at University Hospital in Cleveland and was recruited
fresh out of military serviceat Fort Dix, aswell asDr. Owen
Hendley and Dr. Gilbert Simon, EIS officersassigned by the
Centersfor Disease Control and Prevention (CDC) to my
laboratory. Rhinovirus infections occur year round, with a peak
in September and early October. There are many viruses that
cause upper respiratory symptoms, but rhinoviruses are the
most common. Dr. Gwaltney joined aninformal consortium
consisting of Dr. Vincent Hamparian, Dr. Kapikian, and othersto
characterize more than 100 serotypes, with no few types
predominating. The prospect of developing a broadly protective
vaccine given so many different serotypesis daunting, al-
though type-specific immunity has been shown to occur.

Whilestill in Charlottesville, | becamemorefamiliar with NIAID
through service as Chairman of the NIAID Panel on Respiratory
and Related Viruses and asamember of itsBoard for Virus
Reference Reagents. At the University of Kentucky, | served as
amember of the NIAID Infectious DiseasesAdvisory Commit-

tee and as amember of the Food and Drug Administration (FDA)
Bureau of Biologics Panel on Review of Viral and Rickettsial
Vaccines. | resigned as Dean of the University of Kentucky's
College of Medicinein 1974 to take a sabbatical year at the
London School of Hygiene and Tropical Medicine. During this
time, | visited the departments of community/social medicinein
all of the medical schoolsin the United Kingdom to study the
relationship between medical education and arecent reorganiza-
tion of the National Health Service. | met anumber of infectious
disease investigators and became familiar with the personnel and
activities of the National Institute for Biological Standardsand
Contral. | wasback in Lexington writing abook about my
observationswhen Dr. Krause, Dr. Davis' successor in 1975, had
Dr. Sedl invitemein 1976 to head anewly created extramural
program (MIDP). By thistime, | knew something about vaccines
and therole of the government in their devel opment.

Attracted by the opportunity to return to infectious diseases, |
visited NIAID to learn more about the director’s reorgani zation
of the management of extramural research into two programs
(now divisions): Immunology, Allergic and Immunologic Dis-
eases and Microbiology and Infectious Diseases. Each of these
programs was organized into branches. In subsequent corre-
spondence, it was agreed that | could add a new Epidemiology
and Biostatistics Branch and rename an existing one Devel op-
ment and Applications. The latter was to be led by an aggressive
branch chief, Dr. George Galasso, with afocus on the devel op-
ment of vaccines and antivirals. He was assisted by a group of
talented program officers, including Dr. James Hill (respiratory
infections) and Dr. Frank Tyeryar (hepatitis), along with Dr. John
LaMontagne, who arrived with mein 1976 in timeto mastermind
the testing of monovalent swine influenza vaccine as Influenza
Program Officer. When Dr. Hill leftin 1983 to assist Dr. Kenneth
Sell, Scientific Director, Dr. David Klein assumed responsibility
for Haemophilusinfluenzae and Streptococcus pneumoniae and
wasto play amajor rolein support of the acellular pertussis
vaccinetrialsin Sweden. Along with Dr. PeteAllen (virology), Dr.
Richard Horton (mycology), and Dr. Milton Puziss (bacteriol-
ogy), they did much to further my education.

Withinayear, | wasableto recruit Dr. Robert Edelman, again
with the help of Dr. Seal, to serve as Chief of the Clinical Studies
Branch. Asan Army medical officer, Dr. Edelman had been
assigned to Western Reserve University to assist Dr. Dingle as
President of AFEB. He then was stationed at the U.S. Army
Medical Research Institute of Infectious Diseases (USAMRIID)
doing vaccine research there and in Southeast Asia. He later
became my deputy and joined in afailed attempt to develop a
vaccine for Rocky Mountain spotted fever with collaborators at
USAMRIID and the NIAID Rocky Mountain Laboratory.

One of my first assignments after my arrival wasto serve as
Chairman of the Technical Advisory Committeefor the Cholera
Laboratory in Dhaka, Bangladesh, aU.S. Agency for Interna-
tional Development (USAID)-funded activity inwhich Dr. Seal




The Jordan Report

had agreat interest. There, | met Dr. George Curlin, who had first
been sent to Dhaka by Dr. Seal and was now Chief of the
CholeraL aboratory’s Division of Epidemiology. Hejoined usas
Chief of the new Epidemiology and Biostatistics Branch. Dr. Bill
Blackwelder was recruited from the bi ostatistics program at the
University of North Carolina School of Public Health and proved
to be avaluable critic and designer of vaccinefield trials. Heand
Dr. Curlin were to spend many months fostering successful trials
of acellular pertussis vaccines. Otherswho joined the Epidemiol-
ogy and Biostatistics Branch were Dr. Richard Kaslow from CDC
and Dr. Alfred Saah from the University of Maryland. They later
designed and implemented one of NIAID’sfirst research efforts
before the discovery of the human immunodeficiency virus
(HIV), the acquired immunodeficiency syndrome (AIDS) virus:
The Multicenter AIDS Cohort Study (MACS), alongitudinal
study of male homosexuals that continues to provide useful
guidelinesfor vaccinetrials.

By reason of my position, | became aliaison attendee at
meetings of the CDC Advisory Committee on Immunization
Practices (ACIP) and the FDA Vaccines and Rel ated Biol ogical
ProductsAdvisory Committee (VRPAC), and became part of an
unofficial interagency group concerned with vaccines. One of
this group’sfirst activities was to attend open meetings of
distraught parents who were convinced that the whole-cell
pertussis vaccine then in use had caused their young infants
sudden death or their children’s epilepsy. This proved to be the
forerunner of anational—indeed international—anti-immuniza-
tion movement that began with the showing of atelevision
program entitled “ DPT-Vaccine Roulette” onApril 19, 1982. For
pertussis, it accelerated the effort to develop aless reactogenic
acellular vaccine. Asfor theinteragency group, there were
influential spokesmenlikeDr. D. A. Henderson of smallpox fame
who called for an expanded and more coordinated national effort
to develop vaccines. The Department of Health and Human
Services (DHHS) had authorized the creation of an official
interagency group in 1980, and its membersworked with the
legidative staff of DHHSto design the National Vaccine Program
and its National VaccineAdvisory Committeelater called for by
Congress. Asweshall see, NIAID isjustified in claiming
parenthood for this course of events, beginning with Dr. Seal’s
draft proposal.

Inaddition to CDC and FDA, my knowledge of the vaccine
needs of the military and of children was enhanced by continu-
ing membership on AFEB and asaliaison member of the
Committee on Infectious Diseases of the American Academy of
Pediatrics. With these contacts and considerable input from
MIDP staff, | was prepared to present a paper requested by the
Ingtitute of Medicine (IOM) at a conference on pharmaceuticals
for developing countriesin January 1979. With referenceto
vaccines, | reported that NIH, CDC, FDA, Army, Navy, and
USAID spent only $23 millioninfiscal year 1978 on vaccinesfor
11 domestic diseases and 7 tropical diseases. NIH, mostly
NIAID, spent $4.7 million, of which $871,000 wasfor topical
diseases. Clearly, the vaccine effort needed to be expanded.

TheAmerican Society for Microbiology’s Washington, DC,
branch invited me to address its annual banquet in October
1979, and | used thetitle “Microbes, Parasites and the Health of
Nations’ to compare life expectancy in the United States with
that in the developing world and to describe the new World
Health Organization (WHO) program for researchin six selected
tropical diseases. | concluded with mention of “anew NIAID
program that could be expanded if additional funds were
available” entitled International Collaboration in Infectious
Disease Research (ICIDR). Thel CIDR program isamodification
and extension of aprior program that supported International
Centersfor Medical Research (ICMR), whose studiesincluded
noninfectious diseases. The ICMR grants expired in May 1980
to be replaced by ICIDR grants, with major portions of the
research being conducted overseas in collaboration with
international scientists. Asacomplementary initiative, NIAID
provided funds for the establishment of U.S.-based Tropical
Disease Research Units (TDRUS). Thesetwo related programs
were designed and monitored by Dr. Earl Beck, who also
supervised the United States-Japan Cooperative Medical
Sciences Program. Joint panels of this program, aswell asthe
ICIDR and TDRU, deal with vaccineswhen appropriate: Cholera,
dengue, rabies, encephalitis, tuberculosis, leprosy, and malaria.
Dr. Harley Sheffield, aparasitol ogist, succeeded Dr. Beck. They,
like me, have now retired; none can claim much success with the
development of vaccines for parasitic diseases.

With a description of my personal background and of the
members of the MIDP staff who wrote the early issues of this
report, it istimeto return to the proposal written by Dr. Seal, the
hero of this story. The proposal was prepared for Dr. Richard
Krause, NIAID Director, inresponseto a1979 call from DHHS
for new health research initiatives. Dr. Krause, along with
reference to bound volumes of NIAID Advisory Council
minutes, has helped me verify the sequence of events before
and after Dr. Seal set pencil to paper. Dr. Krauserecalls, asdol,
that the draft was written in near perfect sequence on along
yellow pad. He particularly recalls how often hereferred to the
resulting vaccine program when testifying before congressional
budget committees.

Dr. Seal and | had discussed vaccines many times over the
years, and hewas, of course, familiar with the extramural vaccine
research being supported by MIDP. Since he had recruited many
of theinstitute'sintramural investigators when he was Scientific
Director, he a so knew of their work on vaccines. He had cleared
my manuscript for presentation at the |lOM meetingin early 1979
in agreement with the statement that the Federal Government,
particularly NIAID, should do more to promote vaccine research
and devel opment.

Thefirst mention of the call by DHHSfor initiativesfor health
research appearsin the NIAID Advisory Council minutesfor
January 29-30, 1981. (I elected not to explore DHHS archives.)
These are the minutes that included as Attachment X1 a copy of
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thefull proposal for the Program for the Accel erated Develop-
ment of Vaccines submitted to DHHSin September 1980.
Curiously, thereisno mention of the DHHS request in NIAID
Advisory Council minutesfor 1979 or 1980. But there were hints
that we were at work. A virology task force had been created in
thefall of 1976, and itsreport was reviewed at the January 31-
February 1, 1980, meeting. It recommended that the areasto be
emphasized and expanded should include live virus vaccines
and new and improved inactivated virus vaccines. Earlier, | had
worked with MIDPstaff and Dr. Seal to prepare alisting of
vaccinesbeing developed by NIAID intramural and extramural
scientists. Thislisting was included as Attachment 11 in the
NIAID Advisory Council minutes of October 23-24, 1979. It was
the basis for the tables submitted with the NIAID proposal, one
of which became the prototype for the tables included in annual
reports thereafter.

A copy of the proposal sent by Dr. Krause to the secretary of
DHHSIin September 1980 wasincluded inthe NIAID Advisory
Council minutesfor January 29-30, 1981. The proposal included
Dr. Seal’s description of what each agency would contribute,
with emphasis on the need for a“different kind of interagency
work group.” Intruth, apart from meeting with the Public Health
Service I nteragency Group to Monitor Vaccine Development,
Production and Usage, the only group that | “coordinated” was
the MIDP staff previously noted.

Dr. Seal described the purpose and rationale of the program in
the introduction:

The purpose of anew vaccine development initiativeis
to develop withinthe HHS aclearly identified and
recognized, coordinated approach to the further
conquest of vaccine preventable diseases. New
knowledge and technology emerging from basic
research provide new opportunities to solve problems
that have been largely insoluble with earlier technology
and knowledge. Theincentive for expanded effortslies
in recombinant DNA and hybridoma technologies and
in the better understanding of the workings of the
immune system. The new technologies permit radically
different approachesto the problems of immunization.
Thegoa of theinitiativeisto expedite the availability
of needed vaccines, and its essence is the selection of
afew candidate vaccines for intense effort with
additional funding so as to bring these vaccines into
use at least several years earlier than might otherwise
be so...Effortsalso will be madeto improve pertussis
vaccine by reducing reactogenicity.

To emphasize that progress had been made already inimple-
menting the program, the submission to DHHS included the
following:

The Institute has held discussions with the Institute of
Medicine (IOM) and is expecting aproposal from them
asone step inimplementing thisinitiative. The |IOM

has been invited to undertake the review of potentially
vaccine preventable diseases from the standpoint of
socioeconomic and medical needs and to assess the
cost benefits of vaccines for each of these diseases
and the interest of industry in developing each vaccine
and the prospective roles of government and the
private sector. We expect these studies to get under
way in early calendar year 1981 with the diseaseslisted
herein givenfirst priority. Eventually all vaccine
preventable diseases will be reviewed in this manner
including those where the exposure may only be under
special circumstances (e.g., veterinarians, laboratory
workers) or in the devel oping countries.

And speaking directly to the budget, the submission included
the following regarding resources:

The NIAID is proposing the creation of aspecial fund
by FY 1984 that would represent an increase of over
$25 millioninthe NIAID budget between 1981 and
1984. Thiswould bereflectedin atotal of $25 millionfor
the vaccine initiative under the contracts and agree-
ments area of the FY 1983 budget submission and $30
millionin FY 1974. Therealso would be anitem of $12
million for other vaccine devel opment, representing
continuing of research and development at present
levels of effort for vaccines not included in the
initiative. Other participating agencies would al so need
toincreasetheir efforts and will be requesting specifi-
cally identified funds as the projects to be included are
identified. Theinitiativewill alsorequireanincreasein
staffing for the NIAID to manage the program.

Six positions were described. The proposal included three
hastily assembled tables listing the status of current vaccine
development efforts. Tables 1, 2, and 3 are attached so that the
reader may judge the optimism with which staff approached this
opportunity to assist investigators to turn 59 antigens into
vaccines for 25 diseases.

Asfor resources, the $25 million plus requested was badly
needed. When Dr. Krause arrived in 1975, the NIH budget was
$2,108,886,000; theNIAID budget was $119,417,000. Dr. Krause
felt that hisinstitute’s budget had fallen behind that of certain
others, imposing avery restrictive payline, or score, on new
research grants. Any requests for new contract proposals from
industry would have to be backed up by new funds. Perhaps
there was hope. By 1981, the NIH budget request increased by
morethan $1 billion to $3,569,405,000, and the NI AID budget
request wasfor $232,077,000. But in 1981, $1.62 wasrequired to
purchase what $1 bought in 1975.

Since NIAID received no specia appropriation of fundsfor its
vaccineinitiative, the program staff and contracts office had to
apply talent and imagination to “ accelerate” vaccine develop-
ment. This included the wise use of seed money for contracts
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with industry, and seeking approval of the NIAID Advisory
Council to adjust the scores (raise to pay) of meritorious
vaccine-related grant proposals. Somehow, vaccine research and
development intensified, and the institute’s budget shared with
all of NIH the admiration and generosity of Congress, particu-
larly after the advent of AIDS.

A year after the proposed initiative for the Program for the
Accelerated Development of Vaccines was endorsed by DHHS,
it was assumed that the new secretary, Margaret Hechler, would
continue to support the program. Inthe fall of 1981, just asthe
first cases of AIDS were recognized, the professional staff of
MIDP met for 3 daysto review the status of its vaccine devel op-
ment program. Each program officer reviewed the diseases and
microbesin hisor her portfolio, after which a consensus was
reached as to those vaccines that should be assigned priority
for accelerated devel opment. Following review and discussion
of more than 30 agents or groups of agents, excluding influenza,
the staff updated three developmental listings. 1) Development
completed, ready for expanded clinical trials; 2) encouraging
progress made, further development needed; and 3) early
development, basic studiesin progress. Concurrently, the
agents were placed in three categories for phased, sequential
study: 1) Diseases for which safe, effective vaccines do not now
exist, but that result in high morbidity, mortality, or socioeco-
nomic costsin the U.S. population in general; 2) diseases of
importance to special subsets of the U.S. population; and 3)
diseases of importance to developing nations.

Next, the diseases were ranked according to priority of need in
the United States and developing countries, and then ranked
according to technical feasibility and the prospects for acceler-
ated devel opment using new and emerging technology. A
consensus was reached as to how these rankings should be
integrated. On thisbasis, MIDP staff assigned priority to 10
agents or agent pairs, 5 for use in the United States and 5 for use
in developing countries, asfollows:

United States Developing Countries

1 H.influenzae 1 Madaia

2. Gonococcal 2. Typhoid/Escherichiacoli

3. Parainfluenza/Respiratory
Syncytid Virus(RSV)

3. Leprosy

4. Pertussis(improved) 4. Streptococcal, group A

5. Rotavirus 5. Shigdla

Asproposed, inthefall of 1982, the |[OM of the National
Academy of Scienceswas asked to undertake areview of
potential vaccine-preventable diseases from the standpoint of
socioeconomic and medical needs and for an assessment of the

cost/benefit ratios of vaccines for each of these diseases to
assist NIAID in setting priorities for development and to
develop for NIAID anew model system for the decisionmaking
process that can be applied to the setting of prioritiesin the
future. AIDS was excluded because high priority had been
assigned aready to development of an HIV vaccine, and the
secretary soon announced, with Dr. Robert Gallo at her side, that
such avaccine would be availablein 2 years. IOM created a
committee of 17 scientistsunder the chairmanship of Dr. Sam
Katz, to be assisted by 6 consultants; afine IOM staff under
study director Dr. Roy Widdus; and liaison membersfrom CDC,
FDA, and the Army. The committee developed amethod for
ranking diseases of domestic importance based on a quantitative
model in which vaccine candidates were ranked according to
two principal characteristics: Expected health benefits (reduction
of morbidity and mortality) and expected net savings of health
resources. One vaccine automatically ranked higher on the
priority list than another if it produced greater health benefits
and greater savings. If avaccine produced greater benefits but
cost more (or produced a smaller savings), then apolicy
judgment was required to decide whether the additional benefits
justified the extraexpenditure. The method was applied to 14
diseases of importance in the United States and for which new
or improved vaccines were judged technically feasible within the
next decade (17).

The same IOM committees assisted by 18 consultants next
considered diseases of importance in developing countries. The
same method was applied to 29 vaccine candidates for 19
diseases of importance in such countries, where, as before, new
or improved vaccines were judged technically feasible within the
next decade. Thefive priority vaccinesin each category are
listed below with the dates when each study was completed
rather than the publication date for comparison with the above
MIDPlisting of 1981 (18).

United Sates, 1984 Deveoping Countries, 1985

HepatitisB (rDNa) Malaria

RSV (attenuated/live) Malaria(sporozoite)

H. influenzaetypeb (Hib) Rotavirus (three candidates)

Influenza (attenuated/live) Typhoid (Ty21a)

Vaicdla Shigella
As noted previously, high priority had been assigned already by
NIAID to AIDS and improved pertussis vaccines.

Before thetwo IOM reports were received, the first progress
report on the Program for the Accelerated Devel opment of
Vaccines prepared by MIDP staff in November 1982 was
submitted to the institute’'sAdvisory Council in January 1983. It
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was Dr. John LaM ontagne, under whom MIDPbecame DMID,
who named the 1992 annual report for me, and it has continued
to flourish under his leadership and that of his successor Dr.
Carole Heilman with the editorial guidance of a sequence of staff
members. Dr. GinaRabinovitch, Dr. Phil Baker, Dr. Bruce Gellin,
and Dr. Mike Gerber. The current issue has been assembled and
edited by our first professional writer, Sarah Landry, towhom |
ammost grateful.

Because of the thoughtful, sometimes tedious, work of MIDP
staff, the annual report became increasingly popular and was
distributed well beyond the Advisory Council. Before my
retirement in 1987, Dr. Joseph L. Melnick, then Editor of Progress
in Medical Virology, asked meto describe the Program for the
Accelerated Development of Vaccines asit applied to new viral
vaccines. | did so (Progressin Medical Virology, Vol. 35, pp. 1-20,
Krager, Basel 1988) in thefirst publication about the program
other than the IOM publications (19). The report remainsits own
best proponent.

How isit that | am ableto writethispiece 14 years after | retired
at age 70 shortly after Dr. Anthony Fauci succeeded Dr. Krause
as Director of NIAID? Dr. Fauci found an emeritus spot for meas
avolunteer and housed me along with DMID staff asit more
than doubled in size and moved from one satellite building to
another. | also kept up with science by serving on an |IOM
committee created at the request of Dr. Kenneth Bart to review
the program of its Board of Science and Technology for Interna-
tional Development for the study of respiratory infectionsin
developing countries.

Dr. Bart next asked me to make a presentation at asymposium he
was organizing on vaccines that would not become availablein
the next decade. The resulting publication reviewed the stages
of vaccine development and reproduced tables from each of the
two IOM reports that listed vaccines predicted to be available
within a decade (20). These are reproduced as Tables 4 and 5.
After reviewing impedimentsto devel opment, | provided atable
of diseasesfor which vaccines are not likely to be availablein
the next decade. Thisis reproduced as Table 6. | then served as
a part-time consultant to the newly created National Vaccine
Program Office (NV PO), first under thedirectorship of Dr.
Anthony Robbins and then Dr. Bart. NV PO staff members at this
timeincluded Dr. Roy Widdus, now at WHO in Geneva; Dr.
Richard Walker, now at FDA; and Dr. Feng Ying C. Lin, now with
the National I nstitute of Child Health and Human Development
(NICHD). USAID wasstill accepting proposalsfor vaccine
research and needed an unbiased review process. Dr. Bart
created the Consultative Group for Vaccine Devel opment
(CGVD) with measthe chairman. One of the memberswasDr.
Gerald Keusch who succeeded me as chairman and is now
Director of the Fogarty International Center. Meetings of the
CGVD served asalively forum for discussion of global vaccines
until USAID decided to use its funds for other purposes.

| continue as an observer of vaccine-related activities and will
complete this summary of thefirst 20 years of effortsto acceler-
ate vaccine development before considering the accomplish-
ments of the program. As noted, NIAID periodically seeks
advice and guidance from consultants. Two such groups were
called on beforethe millennium.

OnMarch 26, 1993, Dr. Fauci convened ablue ribbon panel to
assist in assessing long-term goals for vaccine research and to
recommend prioritiesfor the area of anticipated resourcesfor
fiscal year 1993 and fiscal year 1994. The panel categorized six
research objectives, each to be implemented by threeto five
initiatives, all focused primarily on research to accomplish three
priorities.

1 Develop children’svaccines
2. Improve vaccine safety
3. Develop vaccines for emerging infectious diseases

Oneyear later, Dr. Philip R. Lee, then Assistant Secretary for
Health and Director of the National Vaccine Program, issued the
“U.S. National Vaccine Plan—1994: Disease Prevention Through
Vaccine Development and Immunization” (21). Itincluded a
summary of the report of the blue ribbon panel asAppendix 6,
and alist of licensed vaccines currently distributed in the United
States that contained two new vaccines licensed since the
NIAID program beganin 1981: Hib conjugate and typhoid
vaccineliveora Ty2la.

In these same years, IOM and its assembled experts continued
to be of great help to the Federal Government by providing
objective reviews of adverse events associated with pertussis
and rubellavaccines (22), childhood vaccines (23), and anew
analysis of the relationship between diphtheria and tetanus
toxoids and whole-cell pertussis (DTP) vaccine and nervous
system dysfunction (24). A recent report rejected measles
vaccines as a cause of autism (25).

In 1995, NIAID commissioned |OM to conduct afollowup onthe
two reportsissued 10 years earlier. Thisreport (26) wasto
consider only vaccines directed against conditions of domestic
health importance that could be devel oped within 20 years, so it
began by listing the status of domestic candidate vaccines
prioritizedin 1985 (Table4) and predicted to be completed within
10 years. Those licensed included Hib glycoconjugates men-
tioned above, plus hepatitis B recombinant, hepatitisA, vari-
cella, and acellular pertussis. It was noted that a live-attenuated
rotavirus vaccine had been licensed, but sale of this vaccine has
been suspended in the United States. Also noted was the fact
that a cold-adapted, live-attenuated vaccine for influenza viruses
A and B wasin phaselll trials. Thesetrials have now demon-
strated safety and effectiveness in children and adults, and an
application for licensure is pending. Of the candidate vaccines
for international uselisted in Table 5, only typhoid Ty2laand
conjugated pneumococcal polysaccharide have been licensed in
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the United States. One other domestic disease whose infectious
agent was discovered in 1981—Lymediseaseand Borrelia
burgdorferi—can now be added to the licensed vaccinesllist.

Thus, it is now possibleto list in Table 7 the new vaccines
(excluding combinations) that have been licensed since the
Program for the A ccel erated Development of Vaccineswas
initiated by NIAID 20 yearsago.

In total, 12 new vaccines for 10 diseases have been licensed in
the last 20 years. One of them, Japanese B encephalitis, is
produced in Japan; we claim no credit for it. Another, Hib
polysaccharide, has been replaced by the Hib conjugate with
dramatic results. The pneumococcal conjugate, based on the Hib
technology pioneered by Dr. John Robbins of NICHD, isamore
potent immunogen in children and has been effective in prevent-
ing otitismedia. Asfor typhoid, trials that compare the two
vaccines, or acombination of the two, are needed. It must be
acknowledged that Ty21awas produced by the Swiss Serum and
Vaccine Ingtitute and tested by Dr. Myron Levine with the
support of the Department of Defense. The Vi polysaccharide
also was developed at theinitiative of Dr. Robbinsandis
produced by Pasteur Merieux Serum et Vaccine. They have
replaced the much more reactogenic whole-cell typhoid vaccine
that has been in use since it was made compulsory for the Army
and Navy in 1911. And, of course, acellular pertussis antigens
have been successfully combined with diphtheria and tetanus
toxoids to produce aless reactogenic DTP vaccine. Of the two
hepatitis vaccines, recombinant B has been successfully
integrated into the childhood schedule while the A vaccine, now
mostly limited to world travel ers, deserves more widespread use.
Use of varicellavaccineisnow routine for children and isbeing
evaluated for the prevention of herpes zoster (shingles) in older
adults. Finally, Lyme disease vaccines are of note because of the
time—8 years—from discovery of the organism by aNIAID
scientist to licensure. A fear of the disease in endemic areas that
were predominantly well off provided amarket. Interms of
“acceleration” of the 10 vaccines, | believe NIAID isentitled to
claim amagjor roleinthe development of at least four: Pneumo-
coccal, Hib, pertussis, and varicella. It certainly can claim the
soon-to-be-licensed live-attenuated trivalent influenza vaccine
asits own. My personal reflections on the history of some of
these vaccines will bereviewed in relevant chapters of this
report.

cancer and autoimmune diseases. As before, HIV vaccines were
excluded, and thistime the new committee, under Dr. Kathleen
Stratton as Study Director, €lected not to use the computer
program of the prior committee, but devel oped a quantitative
model that used as its primary measure a cost-effectiveness ratio
of quality of lifeyear (QALY) gained. Vaccineswere ranked
within four different categoriesfrom most favorableto less
favorable based on cost of QALY saved. | have elected to
reproduce only the highest category here:

M ost Favorable

Category | SavesMoney and QALY's

e Cytomegalovirusvaccine administered to 12-year-olds

e Influenzavirus vaccine administered to the general popula-
tion (once per person every 5 years or one-fifth of the
population per year)

e Insulin-dependent diabetes mellitus therapeutic vaccine
e Multiple sclerosis therapeutic vaccine
* Rheumatoid arthritistherapeutic vaccine

e Group B streptococcus vaccine to be administered to women
during pregnancy and to high-risk adults

e S. pneumoniae vaccine to be given to infants and to 65-year-
olds

Those interested in vaccine research, development, and
marketing will find it useful to examinethe other three categories
of the |OM report. A candidate vaccine—B. burgdorferi—in
Category |V (lessfavorable) has been marketed already. An
understanding of the role of NIAID initiatives and support
described in the chapters of the Jordan Report also should be
helpful.

SUMMARY

What remains to be said about a program that began with great
expectations and little funding? The program did not live up to
Dr. Seal’s expectations, to mine, or to those of consultants
assembled by IOM. “Acceleration” isarelative term when
applied to vaccine devel opment, and expectations were unrealis-
tic. It ishard to develop avaccine, get it licensed, and move it to
the market—consider AIDS, for example. Vaccine devel opment
requires patience and persistence on the part of the investigator
and continuing support from the funding agencies. Asis evident
fromthishistory, it requires close collaboration among NIAID,
FDA, and industry. Vaccineisinternational in scope. Acellular
pertussis vaccines were successfully tested in Italy and Sweden.
Two vaccinesto which NIAID contributed much, acellular
pertussis and varicella, were pioneered by Japanese scientists.
Vaccine devel opment requires communication; neither Dr. Glasso
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nor | knew that acellular pertussis vaccine was being adminis-
tered already to Japanese children when we prepared Table 3.
The United States-Japan Cooperative Medical Sciences Program
did not create panels on acute respiratory infections until
several yearsafter | retired. We could be criticized for waiting 2
years before seeking a contractor to produce such a vaccine for
the United States.

Fortunately, thereis no shortage of talk about vaccines. This, if
not licensure, accelerated in thelast 20 years. During thistime,
two private agencies—the National Foundation for Infectious
Diseases and the Sabin Vaccine I nstitute—emerged as champi-
ons of vaccine research, development, and use. The Interna-
tional Society for Vaccines was created, faltered, and was
revived. There are now many national and international confer-
ences and congresses for the review of promising vaccines. At
one such meeting, | heard Dr. Stanley Plotkin deliver the paper
that he kindly agreed to include in this edition of the Jordan
Report. | am most grateful to him and to the other authors for
their thoughtful contributions. While staff members were
assembling this report and soliciting these contributions to
reflect recent advancesin vaccinology and immunol ogy,

Dr. Gordon Ada, along-time friend and contemporary, published
the summary that | did not write (27).

Finally, | am happy to report that vaccinology—aterm | first
heard used by Jonas Salk and one that, | am told, was consid-
ered but rejected for the title of the journal Vaccine—is so
flourishing that it requires a 7-pound book (28) to record its
progress. The Bill & Melinda Gates Foundation has contributed
large sumsto target the devel opment of AIDS, malaria, and
tubercul osis vaccines. Because of AIDS, NIH has anew Vaccine
Research Center. The budget has been expanded greatly.

Unfortunately, the infrastructure for vaccine production has not
experienced the increased attention that has been given to
vaccine development. There were 18 vaccine manufacturersin
the United Statesin 1979; there are only 4 major onestoday.
Tetanus toxoid, one of the earliest effective vaccines, isin short
supply because it is now made by only one company (Aventis
Pasteur). Once again, influenzavaccine must berationed in the
fall. In recent years, scientists and administrators have not
heeded the lessons of the past; history is now repeating itself
because the adenovirus vaccine that once prevented the
epidemics of acuterespiratory disease peculiar to military
recruitsis no longer manufactured. Vaccines are the most
powerful tools of preventive medicine. Once developed, ways
must be found to assure their production and delivery to all U.S.
Citizens at appropriate ages.

In conclusion, | express my gratitude for the privilege of being
taught by and working with outstanding scientists and profes-
sional associates. On behalf of DMID/NIAID and the entire
vaccine community, | express admiration and thanksfor thefine
contributions made by Dr. Roy Widdus, Dr. Kathleen Stratton,

and the staff of IOM, and by the members of the many consult-
ant groups assembled by them in fulfillment of NIAID contracts,
a process that continues.

EnD NoTE

Dr. John R. Seal retired on September 30,
1981, shortly after the proposed initiative
drafted by him had been accepted by
DHHS. He served in the Navy with
distinction asamedical officerin World
Waer Il andjoined NIAID in 1965. His 16
years of serviceto NIAID consisted of
10yearsas Scientific Director and 6
years as Deputy Director. Hedied in
August 1984 and isburied in Arlington
National Cemetery. With the concurrence  Dr. John R. Seal

of Dr. Carole Heilman, Dr. John LaMontagne, and Dr. Anthony
Fauci, thisissue of the Jordan Report is dedicated to the memory
of Dr.John R. Seal.

Tablel: Development Completed
Ready for Expanded Clinical Trials

InfluenzaA and B
Attenuated (Cold-adapted and ts)
Licensed, I nactivated

HepatitisB
Purified HBAQ, Inactivated

Vaicdla
Attenuated

Rocky Mountain spotted fever
Inactivated, whole cell

Haemophilusinfluenzaetypeb
Polysaccharide mixed with whole pertussiscells

Note: Tables 1, 2, and 3 are from 1980 proposal to DHHS
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Table4: Vaccinesfor Domestic UsePredicted by the
Ingtituteof Medicineto beAvailableWithin aDecade

Years to Licensure

Type of Yaccine

Bordetella pertussis Acellular 3-3
Coccidioiodes immitis Killed spherule 6-7
Cyiomegalovirus Avtenuated live 3
rDMA glycoprotein T-10
Huemophilus influenzoe type b Conjugated polysacchanide 3
Hepatitis A virus Attenuated live 4
Subanit 5
Hepatitis B virus rNA 1-2
Herpes simplex viruses | and 2 rDMA glycoprotein 5
Attenuated live .
Varicella virus Attenuated live 2
Influenza viruses A and B Purified hemagglutinating amd 4

neutralizing antibodies

Attenuated live fi
Meisseria gonorrhoeas Unspecified 10
Parainfluenza virses Trivalent, subuanii 5
Respiratory syncytial vims DMNA glycoprotein 5
Attenuated live 5
Raotavirus Artenuated live bovine 2-3
Artenuated live human 24
Or reassortant
Streptococcus, group B Conjugated polysaccharide 7

8Jordan, W. S., Jr., Pillemer, L., & Dingle, J. H. (1951). The
mechanism of hemolysisin cold hemoglobinuria. I. Therole of
complement and its components in the Doneth-L andesteiner
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Medicine, 254, 687-691.
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Medicine, 104, 555-576.
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Table5: Vaccinesfor I nter national UsePredicted by the
I nstitute of M edicineto beAvailableWithin aDecade

Pathogen Vaccine Years io Licensure

Dengue virus Attennated live vecior vins 1

Ercherichia coli Purified antigens 1

[eniermogigenic) Anenuared, engineered I

Japanese encephalitis virs Cell culture-grown, inactivated -8

Myeobacteriun leprae Armadillo-derived B-10

Neisseria meningitiadis Conjugated polysacchandes for 4-6
groups A, CY, and W33

Plasmmadium species P. falciparum synthetic or rDNA 3
sporozoite antigen; P, falciparum, E-10
P vivax, P ovale, P. malariae

Ruhies virus YWero cell-grown, inactivated 3
rDMNA glycoprotein 3
Live vector virus with i
glycoprotein gene

Salmonella tvphi Ty21a mutant 1
Auxotrophic mutant 3-8

Shigella species Plasmid-mediated determinants 1]

Streptococcus A Synthetic M protein -8

Streplococcis pRenmoniae Conjugated polvsaccharides 5

Vibrio cholerae Crenetically defined live mutant 57
Inactivated antigens 35

Yellow fever virus Cell culture-grown, attenoated -4

14 Jordan, W. S., Jr., Gordan, |., & Dorrance, W. R. (1953). A

study of illnessin agroup of Cleveland families. VII. Transmis-
sion of nonbacterial gastroenteritis; evidence for two different
etiologic agents. Journal of Experimental Medicine, 98, 461-475.

15 Denny, F. W., Wannamaker, L. W., Brink, W. R., Rammelkamp,
C.H., J., & Custer, E. A. (1950). Prevention of rheumatic fever.
Treatment of the preceding streptococcic infection. Journal of
theAmerican Medical Association, 143, 151-153.
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275,1261-1268.
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20 Jordan, W. S., Jr. (1989). Impedimentsto the devel opment of
additional vaccines: vaccines against important diseases which
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vaccine devel opment and immuni zation.
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Table6: Examplesof Diseasesfor Which
VaccinesAreNot Likely ToBeAvailablein the Next Decade

I. Ocularinfections
A. Conjunctivitis
1 Adenoviruses
2. Echovirus70
B. Blindness
1 Chlamydia trachomatis
2. Onchaocerca volvulus
Il. Acute respiratory infections
A. Upper
1 Coronaviruses
2. Coxsackieviruses
3. Rhinoviruses
B. Lower
1 Klebsiella pneumoniae
2. Legionella species
3. Mycoplasma pneumoniae
I11. Gastrointestinal infections
A. Diarrhea, vird
Norwalk agent
B. Diarrhea, bacterial
Salmonella, nontyphoid
C. Diarrhea, parasitic
1 Entamoeba histolytica
2. Giardia lamblia
IV. Liver infections
A. Hepatitis, non-A, non-B
1 Epidemictype
2. Posttransfusion type
B. Schistosomiasis
1 Schistosoma mansoni
2. Schistosoma japonicum

V. Genitourinary tract infections
A. Sexually transmitted
1 Treponema pallidum
2. Chlamydia trachomatis
3. Haemophilus ducreyi
B. Other
Schistosomahaematobium
VI. Nervous system infections
A. Meningitis, viral
1 Coxsackieviruses
2 Echoviruses
B. Encephalitis
1 Arboviruses
2. African trypanosomiasis
a Trypanosoma brucel gambiense
b. Trypanosoma brucel rhodesiense
VII. Cutaneous infections
A. Treponema pertenue
B. Leishmaniasis
1 Leishmania tropica
2. Leishmania major
3. Leishmania braziliensis
4. Leishmania mexicana
VIII. Systemicinfections
A. Leishmaniasis, viscera
1 Leishmania donovani
2 Leishmania infantum
3. Leishmania chagasi
B. Filiariasis
1 Wuchereria bancrofti
2. Brugia malayi
3. Brugia timori
C. Epstein-Barr virus

22 Institute of Medicine. (1991). Adverse effects of pertussis and
rubellavaccines. Washington, DC: National Academy Press.

23 Institute of Medicine. (1994). Adverse events associated with
childhood vaccines: Evidence bearing on causality. Washington,
DC: National Academy Press.

24 Ingtitute of Medicine. (1994). DPT vaccineand chronic
nervous system dysfunction: A new analysis. Washington, DC:
National Academy Press.

25 Institute of Medicine. (2001). Immunization safety review:
M easl es-mumps-rubellavaccine and autism. Washington, DC:
National Academy Press.

26 Ingtitute of Medicine. (2000). Vaccinesfor the 21st century: A
tool for decision making. Washington, DC: National Academy
Press.

27 Ada, G (2001). Vaccinesand vaccination. New England
Journal of Medicine, 345, 1042-1053.

28 Levine, M. W., Woodrow, G. C., Kaper, J. B., & Cobon, G S.
(Eds.). New generation vaccines (2nd ed.). New York: Marcel
Decker.
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Table7: New VaccinesLicensed
intheUnited SatesSince 1981

Vaccine

Haemophilus influenzae

a. Hib polysaccharide

b. Hib conjugate
Hepatitis B, recombinant
Typhoid

a. Live oral TvZla

b. Vi polysaccharide
Japanese B encephalitis
Hepatitis A, inactivated
Varicella, attenuated
Pertussis, acellular
Rotavirus, live, oral *

Lyme disease, recombinant OspA®*

Streptococcus pneumoniae,
T valent conjugats

1985
1987

1986
1989
1994
1992
1995
1995
1996
1998
1998

* Livense revoked, 2000
*# Mo longer produced

Nate: Hope thar live intranasal influenza can be added
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TheTen Most Important Discoveriesin Vaccinology During the

L ast Two Decades
Sanley A. Plotkin, M.D.

In science, it is particularly difficult to give ratings, as discover-
ies usually build on related discoveries, and it takes time before
the importance of a discovery becomes evident. Nevertheless, it
is often useful to look backward as well as forward, as history is
agreat teacher. Thislist is based on personal opinion, so there
will be disagreement. Also, the names of individual researchers
are not included.

ACELLULAR PeERTUSSISVACCINES

Theideaof extracting protective antigens from pertussis
organisms goes back to the 1960s. Workersin the United States
and in Japan succeeded in isolating purified pertussis toxin and
filamentous hemagglutinin inthe early 1980s. However, acellular
vaccines only cameinto their ownin the 1990s.

The success of the acellular vaccines has had several beneficial
byproducts. First, substitution of acellular for whole cell
vaccines in most developed countries has eliminated the
constant irritation of avaccine that was highly reactogenic, even
if permanent sequel ae from the vaccine were exceedingly rare.
For example, hypotonic hyporesponsive episodes were frighten-
ing, causing dissatisfaction with the vaccine despite the
absence of sequelae. Second, the results of testing showed that
purified antigens could protect vaccinees as well as suspen-
sions of Bordetella bacteria, or more accurately that one could
reconstitute protection using defined proteins. Vaccines
containing from one to five antigens showed protection
compared to placebo, but these data raised a heated contro-
versy, fueled by commercial interests, asto the vaccines relative
importance. It istrue that only the five-component vaccine,
which contained all the known protective factors, was statisti-
cally proven to match the protection afforded by a good whole
cell vaccine, but nevertheless, all acellular vaccineswere
efficacious. Third, the success of acellular vaccines provided a
platform for pediatric combination vaccines based on purified
pertussis proteins, rather than a mixture of pertussis bacteria.

CoMBINATION VACCINES

The second important recent discovery was how to combine
pediatric vaccines. It may seem strange to name combinations as
arecent discovery, since Ramon combined diphtheriaand
tetanus toxoids in the 1920s, and diphtheria and tetanus toxoids
and whole-cell pertussis (DTP) isitself acombination vaccine.
However, moreinclusive combinations are amajor advancein
vaccinology, removing theimpediment of multipleinjectionsand
making room for newer valencesin the pediatric schedule.

Recently, two companies have licensed vaccines containing
diphtheria, tetanus, pertussis, Haemophilus influenzae type b
(Hib), inactivated poliovirus (1PV), and hepatitis B in Europe.
Despite the problem of interference between acellular pertussis
and Hib vaccines, these combinations are apparently successful.
Another combination, used in Canada, shows no interference
problem. It ishoped that all of these combinationswill be
licensed in the United States.

Combination vaccines havefacilitated the resurrection of IPV.
The predictable occurrence of vaccine-associated paralytic
poliomyelitis (VAPP) cases after oral poliovirus (OPV) vaccine
has become a problem, even in developing countries. VAPP can
be avoided by using IPV. Theinclusion of purified, concentrated
IPV in pediatric combination vaccines reduces the costs of
vaccine purchase and administration to a significant degree.

V ARICELLA VACCINE

Varicellavaccinetook 20 yearsto develop, and finally achieved
wideuseinthemid 1990s. Thelicensure of varicellavaccineis
significant in two respects. First, it offers control of the last
major exanthem of childhood, which although usually self-
limited, contributes significantly to life-threatening streptococcal
sepsis, encephalitis, and pneumonia. Second, it isthe first
vaccine licensed for ahuman herpes group virus, offering
prevention or moderation of primary disease and perhaps
prevention of reactivated infection in the form of zoster, the
virus responsible for shingles.

L1vE INFLUENZA VACCINE

Once again, thisis avaccine with deep rootsin history. The idea
of using attenuated mutant viruses given intranasally has been
around for sometime and actually was used in the former Soviet
Union and in Japan. However, prior data concerning effective-
ness were of poor quality and unconvincing. More recently, the
strains developed by cold-adaptation and reassortment have
been subjected to more thorough tests, with excellent results.

Trialsin children have shown high efficacy, and trialsin adults
have shown a synergistic effect of live vaccine on immunogenic-
ity of killed virus. The potential of the live vaccine isenormous.
Universal vaccination of infants might control the reservair of
influenzain school children, thus offering protection to young
siblings and elderly grandparents. If they too receive live
vaccine, the grandparents themselves could profit from an
augmentation in the efficacy of killed vaccine, whichis not
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always high when the epidemic strain differsfrom that in the
vaccine.

If live vaccine can be produced in sufficient quantity, it offers
the best hope of aborting a pandemic caused by a new strain of
influenza. Seed strains containing hemagglutinin genesfrom all
15 types should be prepared and stocked.

RoTtavIRUS VACCINE

It may be surprising to choose what may appear to be avaccine
failure as one of the ten most important recent discoveriesin
vaccinology. Nevertheless, there are two contradictory reasons
for including rotavirus vaccine. First, despite the complication of
intussusception, which caused withdrawal of the rotavirus
vaccine based on the rhesus monkey strain, the fact is that this
oral vaccine was shown to be highly effective against this
serious, dehydrating disease. The protection afforded is on the
same order as that after repeated natural infection, so it can be
anticipated that any replicating rotavirus vaccine will aso be
protective. Thus, the second generation rotavirus vaccines now
inclinical trial based on bovine or human strainsare also likely
to be efficacious. If that istrue, and if they induce no or rare
intussusception, the prospects for licensure in developed and
developing countries are good. Second, the rotavirus vaccine
marks the first occasion since the Cutter incident that a vaccine
has been put on the market and then withdrawn because of an
adverse reaction. This suggests that perhaps there should be an
interval after licensurefor datacollection before arecommenda-
tion ismade for universal use of avaccinein children.

PrRoTEIN-CONJUGATED BACTERIAL
PoLYSCCHARIDES

Theroots of this discovery go back to pre-World War 11, but the
exploitation of theimmunologi ¢ effect of conjugating bacterial
polysaccharides with proteins has happened only recently. The
1980s saw the application of thistechnology to Hib vaccine,
with thefirst conjugate being licensed for infantsin 1990. A
reminder is not needed of the spectacular success of Hib
vaccine, which promises to eradicate the disease and perhaps
also the organism.

It appears that spectacular success will also attend the pneumo-
coccal conjugate vaccine. Invasive disease with bacteremia
caused by serotypesin the vaccine is likely to be prevented
almost completely. L ocalized disease such as meningitis and
pericarditis should also disappear.

Moreover, the vaccinetrial revealed high efficacy against
pneumoniawith consolidation on x-ray, suggesting that
pneumococcal pneumoniais more common in childhood than
suspected. Application of the vaccine to the developing world
could thus have great consequences on mortality, while
application to the devel oped world could reduce the problem of

antibiotic-resistant pneumococci. However, the effect of
vaccination on the epidemiology of pneumococcal serotypes
and the possibility of replacement by nonvaccine serotypes will
have to be watched carefully.

Protein-conjugated meningococcal polysaccharides are still in
early stages, but the results with Group C conjugate in the
United Kingdom already suggest that alarge part of meningo-
coccal meningitis and fulminant disease can be prevented.

GENETIC ENGINEERING

No doubt historians will look back at genetic engineering as one
of the greatest discoveries of the 20th century. For
vaccinologists, this discovery means that if one isolates the
gene coding for a protective protein antigen, that gene can be
inserted into cells of bacterial, yeast, or animal origin, which then
produce the protein in large quantity. The most important result
of this discovery thus far is the recombinant yeast that produces
hepatitis B surface antigen, but the same technique has yielded
antigens for Lyme disease, pertussis, and cholera vaccines
produced in bacteria.

ATTENUATED VECTORS

In the 1980s, researchers determined that certain naturally or
artificially attenuated organisms could carry genetic information
from pathogens, and that during replication in an animal, they
could transcribe, trandlate, and present that information to the
immune system of the host. Thus, the field of vectorology was
born. Soon virtually any organism, bacteria, virus, or parasite
was suggested as a vector. Among the bacteria, the most
popular vectors are Bacillus de Calmette-Guerin (BCG) and
attenuated salmonella, whereas among the viruses, attention has
been focused on poxviruses, adenoviruses, and alphaviruses,
although other agents, such as Herpes simplex, adeno-associ-
ated viruses, and even retroviruses, have their advocates.

The study of vectors has evoked the concept of prime-boost.
This is because athough the vectored antigens have by
themselves seldom given a sufficient B-cell response, the serial
inoculation of vectorsfollowed by proteins or plasmid DNA
vaccines has elicited, respectively, strong B- and T-cell re-
sponses.

Poxviruses and al phavirus repliconswill serve asillustrations.
The poxviruses include vaccinia mutants, such as MVA and
NYVAC, aswell asnaturally attenuated animal poxviruses.
Recombinants are prepared from recombination events occurring
in cellsjointly infected with virus and transfected with the gene
of interest. Canarypox isan example of avirusthat replicates
only abortively in humans. With respect to antibody production,
the ability of poxvirus vectorsto prime for antibody responses
has been demonstrated by canarypox-HIV envel ope recombi-
nants, while the ability of poxvirusesto stimulate strong cellular
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immunity has been demonstrated by canarypox-CMV.
Alphaviruses as vectors depend on the ability to insert foreign
genes in the genome, which are reflected in pseudovirions
produced during abortive replication. The genome of the
alphaviruses contains nonstructural genes necessary for
replication and the structural genes. If the structural genes are
replaced by foreign genes, replication of pseudoparticles can be
induced by helper constructs containing the structural genes
but disabled from making viral RNA. The structural proteinswill
assembl e themsel ves together with the foreign proteins.

TRANSGENIC PLANTSAND PLANT
VIRUSES

The use of orally administered fruits or vegetables containing
vaccine antigens might also be considered an exampl e of
vectoring. However, the idea of delivering vaccinesin the food
chainissufficiently different to giveit aplace of itsown. There
are two approaches to making vaccines in plants. Plants
transgenic for genes coding for vaccine proteins, or chimeric
plant viruses containing the same genes. Clinical trials have
shown responses to a variety of antigens produced in plants,
including Escherichia coli labile toxin, hepatitis B surface
antigens, and rabies glycoprotein.

Developmentsin thisfield continue to be promising and already
have begun to change ideas about the immunology of the
gastrointestinal tract. If it can be discovered how to stimulate
immunity to the antigens of pathogens without breaking
tolerance against food antigens, plant or plant virus recombi-
nants may become effective vaccine strategies.

Thiswill require considerableimmunologic effort, but my great
hope for the new century isthat immunologistswill make more
contributions to vaccinology. We know little about the mecha-
nisms of antigenic dominance, adjuvants, interference, priming,
and many other aspects of immune stimulation that could be
used.

Nakep DNA

Naked DNA isthe slang term for foreign genetic information
inserted into abacterial plasmid that is expressed on injection
into the muscle or skin of the host. Antigen is produced in the
muscle cell, but the antigen must be processed in bone marrow
cellsto achieve an immune response. In animals, superb
responses have been generated after intramuscular and gene
gun injection, but results in humans have thus far been some-
what disappointing when DNA is used alone.

Whether a DNA vaccine will be licensed depends on the
answers to several questions:

1 Will intradermal or transcutaneous administration of DNA
result in good antibody responses in humans?

2. Will an adjuvant be found to reduce the amount of DNA
needed to obtain responses?

3. Will prime-boost combinations of DNA with other forms of
vaccination give a complete immune response, that is, strong
cellular responses and antibodies when needed?

The answers to these questions are likely to come earliest from
studiesof HIV and malariavaccines.

Even if DNA never achievesthe status of avaccine for a
particular infection, it already has had tremendous heuristic
value as atool for identifying protective antigens. As more and
more pathogens are sequenced, their genes can be identified
and tested for protection in animal models. Thiswill simplify the
selection of protective antigens that might have escaped
attention otherwise. This strategy has already proven useful for
the devel opment of experimental vaccines against Group B
meningococci and Chlamydia pneumoniae.

THE NEXT 10 YEARS

After looking backward, some predictions about the next
decadeinclude;

1 A new rotavirusvaccinewill belicensed.

2. A meningococcal B vaccine based on mixtures of
outer membrane proteinswill belicensed.

3. Influenzawill be controlled by the use of killed and
live vaccines.

4. AnHIV vaccinewill show partial efficacy, but efforts
to useit will be slowed by social factors.

5. Ora vaccines against enterotoxigenic E. coli and
Shigellawill beavailablefor travelers.

6. Femaleadolescentswill beimmunized against some
types of papillomavirus, cytomegalovirus, and Herpes
simplex type?2.

7. A prophylactic vaccine will be used for those at high
genetic risk of at least one chronic disease.

8 Thevaricellavaccinewill be given to adultsto modify
the severity of herpes zoster.

9. High-risk patientswith chronic diseaseswill be
immunized against some nosocomial pathogens, like
staphylococci and Pseudomonas.

10. Acellular pertussisvaccinewill be recommended for
newborn infants and adolescents.
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Vaccines and the Vaccine Enterprise: Historic and Contemporary
View of a Scientific I nitiative of Complex Dimensions

MauriceR. Hilleman, Ph.D., D.&c.

| NTRODUCTION

The modern erabiol ogics enterprise began about 1950 and was
built upon knowledge, concept, and technology devel oped
during the previous century and a half. Progress during the
entire two centuries of vaccine evolvement camein intermittent
spurts that reflected mainly technologic advances, which
created new feasibilities for vaccines. The present report is
based mainly on the author’s knowledge, experiences, and
viewpoint gained during nearly six decades of engagement in
academia, government, and industry. The focusis on history,
technologic advance, and policy matters. (1-5)

BEGINNINGS

The foundations for prevention of diseases by vaccines were
laid in the concepts and beliefs of ancient peoples (1, 3) who
noted that certain clinically definable diseases were contagious,
and that, for some, afirst experienceimparted immunity against a
second exposure. Such observations must have led to the
ancient Chinese practice of variolationinwhich artificial
inoculation of pustaken from a patient with smallpox led usually
to amodified disease and imparted immunity against subsegquent
natural exposure. This practice wasintroduced into England in
the early 1700s by Lady Mary Wortley Montagu (2).

A folklore developed during the late 1700s that was based on the
observation that mild disease following infection with cowpox of
cattle prevented smallpox of man. Thisled to the practice, by
some, of purposeful human inoculation (vaccination) of cowpox
pus. The practices of variolation and vaccination led to the first
scientific studies of the phenomenon by Edward Jenner in
Englandin 1796 (6). The science of vaccinology was created
based on the proofs of principle that were provided by Jenner
for smallpox. Manufacture and use of smallpox vaccine spread
throughout the world.

NEw APPLICATION OF SCIENCE

The 17th, 18th, and 19th centuries’ science (1) wasextremely
important to vaccine progress since it consisted of a period of
transition in which democratic principles gradually replaced the
theistic and political structures of the time. During the 17th and
18th centuries, Galileo devel oped methodsfor scientific investi-
gation, Hooke discovered cells, and Leeuwenhoek discovered
microbes. A trial and error approach in pursuit of logical con-
ceptswas followed. Belief in spontaneous generation of lifewas
attacked and the germ theory for disease was substituted. The
19th century to 1875 was marked by realism and materialism,

which replaced the idealism and humanitarianism of the past.
Schleiden and Schwann established a cellular basisfor living
organisms, and studies of altered structure and function of
abnormal cells provided the basis for the science of histopathol-

0ogy.

The most important upheaval came with Darwin’stheories of
evolution and the origin of species. Institutionalized beliefs were
replaced by the demand for knowledge that is supported by
evidence.

ENLIGHTENED EmMPIRICISM 1875-1930

Thefinal quarter of the 19th century was atime of breakthrough
discoveriesin science and medicine that created whole new
fields, including microbiology and applied immunology. The
principal architects (1, 3) for the new science were Louis Pasteur,
Robert Koch, Emil von Behring, and Paul Ehrlich. Pasteur put an
end to the recurring theory of spontaneous generation and
conceived of disease as similar to putrefaction and fermentation.
This came asasequel to his discovery of microbial contamina-
tion and the spoilage of wine and beer. Following on Koch's
technologiesfor microbial purification and cultivation, Koch and
Pasteur proceeded to discover anumber of human microbial
pathogens and to prepare vaccines against them. Emil von
Behring was the discoverer of antibodies who proceeded to
develop thefield of passiveimmunotherapy. Ehrlich developed
the means for quantifying antibodies and demonstrated differen-
tial staining of microbes and tissues with aniline dyes. From this
came his concept for specific receptor/ligand binding and his
development of the world’sfirst therapeutic drug, salvarsan
against syphilis.

The great advances made by these four pioneers and those who
followed led to production of vaccines by laboratories around
the world. Vaccines and therapeutics created a need for some-
thing better than local and haphazard standardization and
control. The end of World War | was followed by the formation
of the League of Nations and creation of the Permanent Commis-
sion on Biological Standardization (7), which devel oped systems
and methods to assure safety and potency of biological
preparations.

PREMODERN ERA: TRANSITION, WAR,

AND RECOVERY

The period between 1930 and 1950 (1, 3, 4), which included
World War 11, was atime of transition to the modern era.
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Goodpasture’sdiscovery (8) of microbial propagationin
embryonated hens' eggs provided an important technologic
advance that would lead to new vaccines, including influenza.
Use of the new technology of tissue culture propagation of
virusesledto Theiler's 17D yellow fever vaccine (9), thefirst
viral vaccinefollowing Pasteur’s antirabiesimmunogen.

The entry of the United Statesinto World War 11 in the European
and Pacific theaters created a great need for new vaccines. A
number of pharmaceutical companieswith biologics capability
became the source for vaccines that needed to be devel oped
and manufactured under military procurement on a cost-plus
basis(1, 3, 4). Especially important were the vaccines against
epidemic typhus, Japanese B encephalitis, and viral influenza, as
well asasix-valent polysaccharide vaccine against pneumococ-
cal disease, which was devel oped and produced in the laborato-
riesof E. R. Squibb and Sons. The influenza and typhus
vaccines were made possible by the breakthrough technology of
propagation in embryonated hens' eggs.

During World War 1, and continuing through the Korean and
Vietnam wars, the principal center for infectious diseases
research for all the military serviceswas at the Walter Reed Army
Ingtitute of Research located in the Walter Reed Army Medical
Center in Washington, DC (1, 3, 4, 10). The Walter Reed labora-
tories focused heavily on basic and applied research on viral
and bacterial diseases. From the program in the Department of
Respiratory Diseases (3, 4) came the discovery of the phenom-
enon and the dynamics of what is now called drift and shiftin
the antigenic specificity of influenzavirus (11), which determines
epidemic and pandemic disease occurrence. Thefirst detection
and identification of the 1957 pandemic influenzaviruswasa
product of that effort (3, 4, 12). Thisearly alert allowed produc-
tion of 40 million doses of vaccine before subsidence of the
pandemic. The adenoviruses (3, 4, 13) were codiscovered at
Waelter Reed and at the U.S. National Institutes of Health (NIH).
A killed vaccine was devel oped at Walter Reed and was proven
highly effectiveinfield studiesat Fort Dix, New Jersey (14). The
efforts of the Department of Microbiology at Walter Reed in
studies with meningococcal bacterial polysaccharidesled to
subunit vaccines that came to dominate the modern era of
bacterial vaccinology (see below). The advancesin vira
vaccinology relied on the new technology for cell culture (see
below), and the meningococcal vaccine was a continuation of
the early work on pneumococcal polysaccharide vaccines
pioneered at Squibb during World War 1.

M obeErRN ERA VACCINES

The year 1950 has been chosen as the beginning of the modern
era(l, 3, 4) of vaccinessinceit marksthetime of the break-
through technology of Enders’ cell culture propagation of
viruses (15) that led to the development of poliovirus and alarge
number of other vaccines. Several of the large pharmaceutical
companies participated in poliovaccine development, made
possible by the efforts of the National Foundation for Infantile
Paralysisto fund and create a vaccine against poliomyelitis (16).

During the 1960s, the NIH funded contract research with several
U.S. pharmaceutical manufacturersto develop new vaccines
under an academically directed mission called theVaccine
Development Board. For reasons undisclosed, theinitiative
developed nothing of significance and was eventually discon-
tinued.

During early 1957, Dr. Vannevar Bush (1, 3, 4), then President of
the Carnegie Foundation and Chairman of Merck Sharp and
Dohme, conceived the potential importance of viruses to science
and medicine. Hemandated (1, 3, 4, 10) that amajor new virus
laboratory for basic and applied research be established within
the Merck research complex that would be among the world
leaders. Such an essentially freestanding laboratory was built
and it was accorded novelty by the granting of strong central
authority to the director in return for assumption of total
responsibility and accountability. Decisionmaking was rapid and
effective. The venture embraced all the basic sciences and
disciplines plus engineering development, data analysis, and
government liaison. In addition, the responsibility for planning
and implementation of clinical research was vested in the
department and was carried out principally by partnering (1, 3, 4,
10) with the Children’s Hospital of Philadel phiaand the L ouisi-
ana State University International Center for Medical Research
and Training in San Jose, Costa Rica. These research and
development operations, working under the single roof concept
(17), were highly efficient and effective and led to the pioneering
development and licensure of nearly al the new vaccines of the
modern erafollowing poliovaccine. The lessons |earned may be
instructive to future vaccine research endeavors since fragmen-
tation of effort may beinefficient and nonproductive. Important
developmentsincluded the individual measles, mumps, and
rubellavaccines and the combined measles-mumps-rubella
(MMR) vaccine (18), plusthe plasmaderived (19, 20) and
recombinant yeast (20) hepatitis B vaccines and killed hepatitis
A vaccine (20, 21).

The sum and substance of vaccine developments during the
nearly 6 decades of research arelisted in Table 1. These vac-
cines represented pioneering basic research from beginning to
end without concern for later devel opments by others. Nearly all
the vaccines encountered hurdles that required major new
technologic discoveries to make the vaccines possible. Such
hurdles are recorded in detail elsewhere (1, 3, 4), but cogent
examplesarelistedin Table2.

Itisareality that the period from the mid 1980s to the end of the
century was atime of relative quiescence for vaccines (1, 3, 4),
marked only by completion of licensure of varicella, conjugated
Haemophilus influenzae, and hepatitis A vaccines, which had
been pioneered before 1985, but entered into the final stages of
development later in the century. Vaccines against Lyme disease
and against rotaviruses are licensed new products of recent
date, but neither has achieved widespread use at present. The
current inventory of vaccines licensed in the United Statesis
against about 25 disease entities shown in Table 3.
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THE 21st CENTURY — TRANSITION TO
AN UNCERTAIN FUTURE

Science, and with it vaccinology, faces awave of transition (1)
rooted in the late 20th century and is now in need of successes
that will assure its favored status at atime of change in national
policiesand worldwideimperatives. (1)

PusLic PoLicy

Gibbons, in hisrecent treatise (22), brings areminder and anew
vision to the contract between science and society in which
society itself (the people) makes choices, empowers, and holds
accountable in its relationships to government, higher educa-
tion, and industry. It can impose sanctionsif its expectations are
not met. The previous contract, which demanded only the
creation and imparting of useful knowledge, now has new
expectations that include transparency and public participation.
Theinstrumentsfor control lie with congressional legislation,
Federal appropriations, and policy affairs.

The great success of the Office of Scientific Research and
Development under the direction of Dr. Bush during World War
Il (1, 23) clearly established the merit of Government support of
civilian research to provide technologies and solutions to
military problems. After thewar and working under amandate
from President Roosevelt, Dr. Bush wrote his 1945 treatise:
“Science: The Endless Frontier” (24). The plan becamepublic
policy inthelate 1940sfor continuing public support for basic
research discovery, primarily in academia. A basic tenet of Dr.
Bush’s plan (1, 24) held that science carried out in universities
should have a sharp demarcation between what is academic
research and what is needed by industry to begin research and
development to create useful products.

Theeraof Dr. Bush’spolicy cametoanend inthemid 1990s at a
time of public dissatisfaction with science, and when budgets
for science were deeply slashed, with consideration given to
ending public support for science (1, 25, 26). This changed
quickly, however, with the appearance of a more robust
economy. The Ehlersreport to Congress (27) in 1998 represented
the start of a defined new public policy that has not yet been
formalized. The Ehlersreport, in contrast to Dr. Bush’'spalicy,
called for anew model in which there would be continuum
between basic academic research and industrial development,
bringing commercial possibilitiesto the point of feasibility,
whichwould justify commercial commitment of risk capital in
pursuit of useful products. In Gibbons' view (22), Government is
to be held responsible for filling the gap of required knowledge
between basic research and initiation of commercial research and
development.

Infulfilling itsmission to advise Government, the U.S. National
Academy of Sciences has been commissioned to conduct
investigations and to provide guidelines for the governmental
agencies and for legislative considerations by Congress. Among

its reports were proposal s to bring about improved mechanisms
for review and awarding of grantsfor scientific research (28, 29),
for improving science education (30) at the precollegelevel (K-
12), and for public education. The Committee on Science,
Engineering, and Public Policy (31) was established whereby the
academy issues an annual assessment for accountability and an
evaluation of the federally supported programsin research and
technology. (1, 4)

CHANGING WORLD INITIATIVES

The World Health Organi zation (WHO), an agency of the United
Nations, came into being about 1950 and undertook a mission to
bring protection against infectious diseases to the underdevel-
oped nations of the world. Early activity was centered on
procurement and distribution of low-cost vaccines through its
United Nations International Children’s Emergency Fund
(UNICEF) operation. Inthemid 1970s, the Expanded Program for
Immunization (EPI) (1, 32) wascreated by the WHO to bring six
needed vaccinesto al of theworld'schildren. In 1990, UNICEF
assembled a small group of knowledgeable scientists to create a
blueprint for devel oping simplified vaccines of low cost and
ease of administration for the poor and underdevel oped nations.
A report wasissued under thetitle of the Declaration of New
York (32). The vaccines would provide broad coverage with
fewest doseswhile providing long-term immunity. The declara-
tion was adopted by the International World Summit for
Vaccines and by the World Health Assembly in the same year.
Following this, the EPI was discontinued and was replaced by
the Children’sVaccinelnitiative (CVI) under severa United
Nations' agencies and the Rockefeller Foundation, which were
proactive in vaccine development and in vaccination (32).
Following adecade of useful programs, the CV1 was dissolved
and replaced by the Global Alliancefor Vaccinesand Immuniza-
tion (GAVI) (33) under the WHO, the World Bank, and UNICEF
to provide vaccines, financial resources, country coordination,
and research and devel opment activities.

What seemed severe restriction through lack of funding was
greatly relieved by donations from the Bill and Melinda Gates
Foundation and other private organizations and by contribu-
tionsfrom governments (33). One GAV | initiative providesfor
payment for vaccines by poor nations at prices based on their
gross national product per individual. Present principal focusis
on vaccines against three diseases: Tuberculosis, malaria, and
AIDS (seereference 1).

Future OF VACCINOLOGY

Theyear 2001 findsthe NIH well funded and with further
intended increasesin annual appropriationsuntil 2003. The NIH
provides enthusiastic support for development of new vaccines
not only against infectious diseases, but also those for treating
cancer, autoimmune diseases, and the amyloidoses, including
Alzheimer’s disease and the infectious prion diseases (e.g.,
Creutzfel dt-Jakob), which arise from misfolding of proteinsinthe
body (34) to render them insoluble.
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TRANSITION TO SIMPLIFICATION

At the close of the last century, the vaccine research establish-
ment found itself with an amazing array of technologiesfor
preparing vaccine antigens and of facilitators that would
enhance the immune system in providing protection against
disease. These technologies included recombinant expression
systems; recombinant vectors, including plasmid DNA; and
delivery systemsthat elicit humoral and cellular immune
responses. The new sciences of genomics, proteomics, and
informational technologies, together with rapid throughput
assays for identifying appropriate antigens, will likely bea
bonanzafor new vaccine development (1, 34).

Though wholelive and killed organisms and complex protein
and polysaccharide vaccines continue to be pursued, subunit
vaccines now receive much attention (34). Thelimitations
imposed by the shortened length of genetic insertion into
vectors and expression systems decrease the complexity of
antigens (the number of epitopes) that can be included.

It has been along-term objective of reductionists (34) to forget
whole organisms and full-length proteinswhile in pursuit of
simple peptide vaccines that consist of little more than a
restricted assemblage of epitopes, even without need for added
adjuvants and immune modulators. This objective, while
attractive, may be very difficult to accomplish since such a
vaccinewould need to identify and incorporate appropriate B-
cell, cytotoxic T-cell, and T-hel per determinants. B-cell determi-
nants are usually conformational and need to be displayed in
native folded pattern. Cytotoxic T cellsand T-helper 1 and 2
cellsrecognizelinear arrays of amino acids of specific sequence.
They require, in addition, that the available fragmented epitopes
be of sufficient diversity in charge distribution pattern to be
able to find adequate anchorage points in the grooves of
different major histocompatibility complex (MHC) molecules,
which are of polymorphic (allelic) diversity inthe human
population. Added to this is the need to assure adequate
memory cell responses. Delivery of epitopesthat are expressed
endogenously by recombinant vectors may have a greater
chance to find suitable compatibility for MHC presentation than
if given exogenously.

It may be noted that the acid test for a successful vaccineis
licensure and use. To date, only two recombinant expressed
subunit vaccines exist, hepatitis B and Lyme disease, even
though the technology was proven 15 years ago. No recombi-
nant vector vaccine has been licensed to date.

When pursuing vaccines in the 21st century, researchers may
need to exercise selective choices amid the huge redundancy of
technologies (35). It may be said finally that the mandate of the
Declaration of New York (32) will serveasauseful guidelinefor
the vaccines of developed as well as underdeveloped nations,
especially with respect to possible future vaccine delivery by
oral, transcutaneous, or mucosal application.

Table1: MoreThan Five Decadesof Vaccineand Globulin
Development and Datesof Licensure

Viral Vaccines

Killed
Japanese B encephalitis* 1995
PandemicAz2 influenza** 1957
Adenovirus** 1958
Purified poliovirus 1960
Purified influenza 1969, 70
Adjuvanted influenza 1973
HepatitisB

Plasmaderived 1981

Recombinant expression 1986
HepatitisA 1996
Live
Measles

Edmonston B, pluslgG 1963

More attenuated 1968
Mumps 1967
Rubdlla 1969
Combined vaccines

M easl es—smallpox 1967,70

Mumps—rubella 1970

Measles—rubella 1971

Measles — mumps 1973

Measles-mumps-rubella

(MMR) 1971
Varicdla 1995
Marek's disease*** 1971, 75
Bacterial Vaccines

Bacterial Subunit
Meningococcus A 1974
Meningococcus C 1975
Combined Meningococcus

AC 1975

A,C,Y,W-135 1982
Pneumococcus

14 types 1977

23 types 1983
Haemophilus influenzae

Conjugate 1939
Immuneglobulins

HepatitisB 1978

HepatitisA 1979
*Squibb ** Walter Reed *** Virus cancer of chickens
Remaining areMerck
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Table2: Examplesof Technologic BreakthroughsEssential to
Development of Modern EraVaccines

e Cell culture technology and poliovaccine precedents

» Elimination of avian leukemiavirusfrom chicken flocks
and from measles virus vaccine

e Initial attenuation of measles vaccine virulence through
coadministration of measlesimmuneglobulin

» Further attenuation of measles virusto eliminate need for
immuneglobulin

» Discovery of propagability and attenuation of rubella
virusin duck cell culture

» Achievement of potency and safety of combined live
virus vaccines

» Development of safe and effective combined live vaccines

» Discovery of hepatitisA virus and its propagability in cell
culture

» Evaluation of principlesfor asafe and effective
hepatitis B vaccine derived from human carrier plasma;
later evolution of recombinant expressed vaccine

e Discovery and development of meansfor removal of
oncogenic monkey polyomavirusfrom vaccines

Table 3: VaccinesAgainst Bacterial and Viral DiseaseAgents
Licensed intheUnited States(Abbreviated GenericList)

Bacterial

Diphtheria

Tetanus

Pertussis (acellular)

BotulinumtoxinA

Lymedisease (OspA)

Plague

Pneumococcus (and conjugate)*
Meningococcus (and conjugate)*
Haemophilus influenzae (and conjugate)
Tuberculosis[Bacillusde Calmette-Guerin (BCG)]
Typhoid fever (live)

Typhoid fever Vi

Cholera

Anthrax

Viral
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| NTRODUCTION

Despite the successful development of many vaccines, it has
not been feasible in many cases to simply use the same ap-
proaches to make new vaccines. This has been due to various
factors, biological and social. Three main reasons drive the
development of new vaccine technologies:

1 New technologies are needed to generate stronger and
broader immunity not effectively induced by earlier types of
vaccines.

2 Asregulatory and safety standards have increased, the
requirements for safety and manufacturing processes have
increased, thereby rendering certain older vaccines (such as
whole-cell pertussis or Japanese encephalitis vaccine made in
mouse brain) less acceptable.

3. To make vaccination more acceptable from the patient’s
perspective and more feasible globally, new technologies are
needed to reduce the use of needles or to facilitate delivery of
vaccinesto places lacking skilled professionals and proper
equipment.

Asan example of the need to generate broader immunity,
consider theinfluenzavaccine. The current influenzavaccine
must be remade each year because changesin circulating strains
render the antibody-inducing inactivated viral vaccine poten-
tially ineffective against the new strains. Mismatches of the
circulating strains with the anticipated ones used for the
vaccine, or the emergence of unexpected new strains midseason
result in disease even in vaccinated individuals. In contrast to
the highly changeabl e exterior hemagglutinin and neuraminidase
proteins against which the antibody response of the inactivated
vaccinearedirected, theinternal nucleoprotein and matrix
protein are much more highly conserved among strains and even
between viral subtypes. If avaccine could be made that gener-
ated a response against conserved parts of the virus [such as a
cytotoxic T lymphocyte (CTL) response], one could potentially
have avaccine that would protect against multiple strains within
or between subtypes.

Human immunodeficiency virus (HIV) provides another example
of the rationale for new technologies. Attenuated or inactivated
versions of HIV are considered by many astoo risky to use as a
vaccine. Unlike other viruses for which vaccines have been
effectively made using weakened or inactivated versions, HIV
integrates into the infected person’s genome leading to perma-
nent infection, and is, as yet, incurable and eventually fatal.

Thus, if avaccine strain, even though weakened, were to cause
disease in animmunocompromised individual or wereto revert
to virulence, or if an inactivated vaccine were to contain traces
of livevirus, the vaccine could cause infection and disease.
Whilethisrarely happensfor certain of the existing vaccines,
such as polio, the resulting disease is not chronic, nor so
frequently fatal. Even for diseases that are not aslethal asHIV,
rare but adverse outcomes have become less accepted. So, for
example, after clinical occurrences of intestinal intussusception
were observed following immunization with thethen newly
licensed rotavirus vaccine (with an excess risk of about
1:10,000), thevaccinewaswithdrawnin 1999.

Ironically, the research and development of new means of
vaccine delivery has been necessitated by the success of
vaccines. Currently, infantsreceive multipleimmunizationsfor an
increasing number of diseases: Measles, mumps, rubella,
diphtheria, tetanus, pertussis, polio, hepatitis B, hemophilus
influenzae B, varicella, pneumococcus, and often hepatitisA.
Thisincreasing number of injections has fueled the drive to
develop combination vaccines and alternative delivery systems
designed to reduce the number of injections and to maintain or
increase the potency of responses against each component.

V AccINE ADJUVANTSAND DELIVERY
SYSTEMS

One approach to improve the performance of vaccinesinvolves
the use of adiverse range of vaccine delivery systems. Gener-
ally, the terms adjuvants and delivery systems have been used
interchangeably in relation to vaccines, although in certain
situations aclear distinction can be made. Immunological
adjuvants were originally described as substances used in
combination with a specific antigen that produced a more robust
immune response than the antigen alone. This broad definition
encompasses avery wide range of materials, including anumber
of particulate delivery systems (e.g., emulsions, liposomes,
iscoms, and microparticles), whose principal mode of actionisto
deliver antigensinto the key cells and/or sites that are respon-
sible for the induction of immune responses. In contrast, certain
entities act directly on cells of theimmune system to increase or
modul ate immune responses against coadministered antigens.

Adjuvants

Adjuvants are potent and, in many cases, necessary compo-
nents of effective vaccines. Conventional and experimental
adjuvantsarereviewed in detail by Vogel and Edelman. The
power of experimental adjuvants, suchasMPL, quil A, and
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iscoms, iswell documented in animal models, yet none are
approved for human use. Thisisdue, in part, to potentia side
effects, but also to a poor understanding of their mechanism of
action and to the only recent insights into signaling of the
innate immune system. It has long been known that exposure to
pathogens (or stress) resultsin arapid production (in minutes)
of proinflammatory cytokines (e.g., tumor necrosisfactor-a),
thereby providing afirst line of defense prior to the onset of the
adaptive immune response. This is manifest through the action
of antiviral and antibacterial cytokines, recruitment and activa-
tion of macrophagesto kill intracellular pathogens, and facilita-
tion of antigen presentation resulting in the initiation of antigen-
specific immune responses. Recently, much has been learned
about the specific receptors involved in the recognition of
pathogen-associated molecular patterns (PAMPs) and the
ensuing signal transduction cascade, leading to the
upregulation of cytokine expression. Indeed, it has been shown
that specific PAMPs signal through specific Toll-like receptors
(TLRs) present on the surface of immune cells (see Table 1).
Moreover, recent data have implicated this pathway in directing
the activation of the type of adaptiveimmuneresponse|[i.e., T
helper (Th) 1 versus Th2 type of helper T cell response]. One
such PAMP, immunostimulatory CpG-containing DNA derived
frominvertebrates, has generated much excitement. CpG signals
through TLR9, induces a potent immunostimulatory response on
cellsin vitro, and has strong adjuvant effects on protein-based
vaccinesin animal models. Preliminary datafrom human clinical
trials show promise.

These data provide evidence for adirect link between the innate
and adaptive immune responses, and that the use of adjuvants
can facilitate and potentiate thislink. Furthermore, the growing
understanding of the innate immune system now provides the
basis for rational and high-throughput adjuvant discovery. On
the one hand, based on knowledge of the specific ligands
(PAMPs) and receptors (TLRs) involved inimmune signal
transduction, it may be possible to rationally design adjuvant-
active compounds. On the other hand, the existence of cell-
based assays and reasonable in vitro correlates of in vivo
adjuvant activity (i.e., cytokine production) offers the possibility
of screening large numbers of compounds without regard to
their structure. These complementary approaches should yield
novel and potent compounds that increase the effectiveness of
vaccines. Although immunological adjuvants have persistently
defied easy classifications, they are often readily identifiable as
components of bacteriaand viruses, which are recognized as
danger signals by receptors on innate immune cells. Neverthe-
less, delivery systems are often used to direct the adjuvants to
key cellsto enhance their potency. Hence, for an optimal
adjuvant effect, it isbecoming increasingly common to use
delivery systems to deliver antigen and adjuvantsinto the same
immunocompetent cells.

Following the discovery of some very potent adjuvants in recent
years, there has been concern that these agents might activate

immunity to such an extent that autoimmune conditions might be
triggered. Thisisareasonable concern for adjuvants that mimic
components of pathogenic micro-organisms and provide potent
proinflammatory signals. However, thetiming and localization of
the proinflammatory stimuli may proveto beimportant. Inthis
context, limiting the systemic distribution of adjuvantsand
focusing their effects specifically onthe key immunecellsis
likely to be beneficial. Hence, an important contribution of
particulate delivery systems may beto limit thetoxicity of new-
generation adjuvants by limiting their distribution in vivo.
Additional practical issuesthat are important for the develop-
ment of adjuvants and delivery systems include biodegradabil-
ity, stability, ease of manufacture, cost, and applicability to a
widerange of vaccines. |deally, for ease of administration and
enhanced patient compliance, the adjuvant should allow the
vaccineto be administered by amucosal route, preferably orally.

Delivery Systems

Although the precise mechanisms of action of most adjuvants
still remain only partially understood, if the geographical
concept of immune reactivity is accepted, in which antigens that
do not reach the local lymph nodes do not induce responses, it
becomes easier to propose mechanistic interpretations of the
important effects of adjuvants, which work primarily asdelivery
systems. Delivery systems may function to improve antigen
accessto lymph nodesin anumber of ways: Increase cellular
infiltration into the injection site so that more cells are present to
take up antigen, directly promote the uptake of antigen into
antigen presenting cells (APCs) through activating phagocyto-
sis, or directly deliver antigen to the local lymph node by exiting
from the injection site and moving into the lymphatics. The most
important APCs involved in antigen capture are thought to be
dendritic cells (DCs), which have the unique ability to present
antigentonaive T cellsin lymph nodes. Immunization with a
number of delivery systems, including emulsions, microparticles,
liposomes, and iscoms, has been shown to result in recruitment
of significant numbers of APCsinto theinjection site, which are
then able to take up the delivery system, along with associated
antigens and adjuvants, prior to trafficking to thelocal lymph
nodes. Particul ate adjuvants (e.g., emulsions, microparticles,
iscoms, liposomes, virosomes, and virus-like particles) have
comparable dimensions to the pathogens that the immune
system evolved to combat. Therefore, these particul ates are
normally taken up efficiently by phagocytic cells of theinnate
immune system and function mainly to deliver associated
antigen into these cells. Adjuvants may aso be included in
particulate delivery systems to further enhance the level of
response or to focus the response through a desired pathway
(e.g., Thlor Th2).

In 1997, asqualeneoil in water microemulsion (MF59) was
introduced into the market in Italy as an adjuvant for influenza
vaccine (FluadO). MF59 has been shown to be safe and well
tolerated in anumber of clinical trialsinvolving awiderange of
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experimental vaccines. Liposomal vaccines, based on phospho-
lipidsand viral membrane proteinsfrominfluenzavirus
(virosomes), also have been on the market in Europe for several
years and have shown improved potency over traditional
influenza vaccines. | scoms, which comprise the saponin
adjuvant Quil A, incorporated into lipid particles of cholesteral,
phospholipids, and viral membrane antigens have been evalu-
ated extensively in preclinical and clinical studies. Although
iscoms are considered the optimal approach for the induction of
CTL responses using protein antigensin preclinical models,
their potency and tolerability remains to be further established in
human subjects. In recent years, microparticles constructed from
biodegradabl e polymers have shown considerable promise as
antigen delivery systems, particularly for DNA vaccines.
Microparticles also offer unique opportunities for the devel op-
ment of single-dose vaccines due to the controlled release of
entrapped antigens. However, progress has been slow in this
area, largely due to the problems of instability of entrapped
antigens and due to inefficiencies of microencapsulation for
many antigens.

Antigen Delivery Systemsfor Mucosal
| mmunization

Although most vaccines have been traditionally administered by
intramuscul ar or subcutaneousimmunization, mucosal adminis-
tration of vaccines offers anumber of important advantages,
including easier administration, reduced adverse effects, and the
potential for frequent boosting. In addition, local immunization
induces mucosal immunity at the sites where many pathogens
initially establishinfection of hosts. Oral immunization would be
particularly advantageous in isolated communities where access
to healthcare professionalsis difficult. Moreover, mucosal
immuni zation would avoid the potential problem of infection due
to the reuse of needles. Several orally administered vaccines,
which are based on live-attenuated organisms, including polio,
\ibrio cholerae, and Salmonella typhi, are commercially
available. In addition, awide range of approachesis currently
being evaluated for mucosal delivery of vaccines, including
many approaches involving nonliving adjuvants and delivery
systems.

The most attractive route for mucosal immunizationisoral dueto
the ease and acceptability of administration through this route.
However, due to the presence of low acidity in the stomach, an
extensive range of digestive enzymesin theintesting, and a
protective coating of mucus that limits access to the mucosal
epithelium, oral immunization hasproven extremely difficult with
nonliving antigens. However, novel delivery systems and
adjuvants may be used to significantly enhance responses
following oral immunization.

Encapsulation of antigens into particulate delivery systems,
including liposomes, microparticles, and iscoms, has been
extensively evaluated for mucosal delivery of vaccines. How-

ever, all of these approaches share some serious limitations.
Uptake of the delivery system into the mucosal-associated
lymphoid tissueis often very inefficient, resulting in most of the
formulation not reaching itsintended site of action. This
problem is most apparent following oral delivery, necessitating
high dosesfor oral immunization, but isalso aproblem following
intranasal immunization. In addition, many of the particulate
delivery systems used do not have sufficient stability to
withstand the challenging environment in the gut, including low
pH, gastric enzymes, bile salts, etc. Neverthel ess, polymeric
microparticles can be specifically designed to survive the low
pH of the stomach and to rel ease the entrapped antigen within
thevicinity of thelocal lymphoid tissue. Hence, so-called
enteric-coated formul ations have some attributes of a desirable
formulation for oral delivery. The use of enteric-coated formula
tions can a so overcome the problem of limited uptake of
particulates into lymphoid tissue since these formulations are
not designed for uptake, rather the antigen is released locally for
direct uptake. However, most protein and DNA-based vaccines
are unlikely to be sufficiently immunogenic to induce potent
immune responses even in this situation, and additional
formulation components may prove necessary to protect the
antigens against enzymatic degradation or to promote uptake.
More potent responses may be expected if the antigen can bind
directly to the epithelium and carry its own inbuilt adjuvant
potential (e.g., secreted bacterial toxins, particularly mutated
enterotoxins). Overall, the significant challenges to the develop-
ment of effective oral vaccines using nonreplicating delivery
systems should not be underestimated, and success in smaller
animal models using high doses of antigen should not be
overinterpreted. As an alternative approach, intranasal immuni-
zation offers many advantages, since this route does not expose
antigens to the range of secreted enzymes and low pH of the gut
and offers easy self-administration with avariety of commer-
cially available devices. Moreover, on many occasions, potent
immune responses have been induced in anumber of different
speciesfollowing intranasal immunization with particul ate
delivery systems using doses significantly lower than those
used for oral immunization.

Vaccine Delivery Devices

In its broadest sense, the concept of vaccine delivery systems
can be expanded to include a diverse range of devices and
physical delivery systems that are designed to improve the
potency of vaccinesor to allow immunization using novel,
noninvasive routes. Approaches that have been evaluated in the
clinic with encouraging data include the gene-gun approach,
which propels gold beads coated with DNA into the epidermis;
devices designed to fire powdered vaccines into the skin
through the use of helium gas; and vaccine patches, which are
topically applied to the skin to induce immunization. Of these
approaches, topical immunization is the one that engenders the
most excitement since it offers the opportunity to avoid needles
while using technology that is already well established for drug
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delivery. Nevertheless, this approach faces very significant
challengesfor routine acceptance, particularly asaprimary
immuni zation regimen. When this approach wasfirst described,
there was a great deal of skepticism about whether or not the
datawould prove reproducible, largely because the observa
tions were so surprising and contrary to what had been
observed previously. However, as this approach has advanced
intoinitial clinical trials, it hasbecome more broadly accepted
by the vaccine community. The challenges facing this approach
should not be underestimated since, so far, relatively low
immune responses have been induced with high doses of
potent immunogens. Nevertheless, the technology is still inits
early stages of development, and improvementsarelikely to
result in significant increases in potency, perhaps resulting in
the ability of this approach to be used as an effective booster
vaccineinwell-primed individuals.

Gene-Based Vaccines

As the understanding of the cellular and molecular processes
involved in the generation of different arms of theimmune
system increased during the last two decades, new approaches
to selectively generate immunity have been attempted. The
ability to make recombinant proteins expanded the meansto
target asingle antigen for avaccine beyond the simple purifica-
tion of particular proteins or polysaccharides from the pathogen
itself. One area of significant effort has been the development of
vaccines designed to specifically generate CTL, aswell as
specific types of helper T cell responses.

CTLshave long been considered to be important in the host’s
immune response against infections by viruses, intracellular
bacteria, and parasites, aswell as against cancer. Within the last
20 yearsor so, it became clear that an antigen generally is
needed to be present in the cytoplasm of an APC in order for
epitopes derived from it to be able to associate with major
histocompatibility complex (MHC) class| moleculesto then
elicit aCTL response. Conversely, if aprotein isexogenousto a
cell, it usually is not taken up into this MHC class | processing
pathway, and hence does not generally result in the induction
of CTL, but rather resultsin the production of Th cells. This
knowledge has helped guide efforts to design vaccines that will
generate CTL. For example, efforts have been madeto introduce
peptides derived from antigens directly onto the MHC class |
molecules or to deliver the genes encoding the antigens into the
cellsin order for the cells to then produce the proteins endog-
enoudly in the cytoplasm. Many different delivery systems are
thus under development that deliver the genes encoding
various antigens, rather than simply delivering the protein
antigens themselves.

Infection by liveviruseswill result in their proteins being made
intracellularly asthey replicate, often leading to induction of
CTL. However, because of concerns about the safety of certain
liveviruses even if attenuated (vide supra, HIV), efforts have

been made to use nonpathogenic organisms to deliver genes
encoding heterologous antigens (i.e., encoding protein antigens
from adifferent organism). For example, modified vacciniaor
adenoviruses have been altered to carry the genes for various
pathogens such as HIV, generally coding for one or afew
antigens. Anintact replicative HIV could not be made, but
simply specific antigens to induce a response that would be
potentially protective. Bacteria also have been modified to either
encode aheterologous gene[e.g., Bacillus de Calmette-Guerin
(BCG)] or to deliver aplasmid encoding a protein antigen. For
the latter, attenuated versions of mucosal pathogens such as
Shigellaor Salmonellaoffer the possibility of orally delivered
vaccines. Such vector systems have the potential limitation of
inducing an immune response against themselves, possibly
limiting their repeat use for either boosters or other vaccines.
Similarly, previous exposure, such asto adenovirus, may mean
that many people already have an immune response that may
limit the effectiveness of the vaccine.

Thus, another approach has been the use of DNA vaccines,
simple plasmids of DNA encoding the desired antigen. The
plasmids have the advantages of being simpler to manipulate
and manufacture than viral or bacterial vectors and of not having
the potential risk of causing disease by reversion or otherwise.
In addition, DNA vaccines do not have the same limitation of
antivector immunity as do heterologous vector systems.
However, DNA vaccines do have the ability to induce the innate
immune response that is separate from the encoded protein. The
DNA vaccines consist of bacteria (plasmid) DNA and contain
sequences that are recognized by mammalian immune systems as
being foreign (CpG moatifs), which resultsin the activation of
innate immunity. Thus, thisis a property that isintrinsic to the
gene sequences that make up the DNA vaccine quite separate
from the antigen encoded by the vaccine. To date, early clinical
trials of DNA vaccines have shown limited potency; hence, a
number of second generation DNA vaccines arein devel opment
using various delivery systems and devices. In addition, a new
approach to immunization, called mixed modality vaccination or
prime-boost, is being evaluated. It involvesan initial vaccination
that uses one type of vaccine, then boosting is done with a
different type of vaccine. For example, promising preclinical
results have been obtained by immunizing first with DNA then
boosting with a vaccinia or adenovirus vector encoding the
same antigen, or with arecombinant protein version of the same
antigen that the DNA vaccine encoded.

SUMMARY

During the past 20 years, the technol ogies applied to vaccine
development have radically changed from using the pathogen
itself to harnessing the devel opments of a variety of scientific
disciplines to use new forms of antigens (such as the gene
encoding an antigen), new adjuvants besides alum, and new
delivery systems. As aresult, numerous vaccines are in devel op-
ment with the goal of inducing new types of or specific forms of
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immunity, using new routes of delivery, providing increased
safety if necessary, increasing stability, and lowering cost. While
much remains to be accomplished before some of these tech-

nol ogies become realities, the pace of new vaccine development
over the past 20 years has been remarkable.
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Tablel: Receptor-Mediated Signaling
of thelnnatel mmune System

Pathogen-Associated Molecular Pattern (PAMP)
Toll-Like Receptor (TLR)

Lipopeptides, proteoglycan, yeast cell wall TLR2
dsRNA TLR3
Lipopolysaccharide (LPS), heat shock protein

(HSP), respiratory syncytial virus(RSV) TLR4
Bacterial flagdllin TLR5
Zymosan TLR6
Imiquimod TLR7
CpG TLR9

Certain ligands from pathogens (PAMPs) are thought to
stimulate the innate immune system through receptor-
mediated signal transduction leading to the upregulation
of cytokine production.
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Immunologic adjuvants are any agents that act to enhance,
accelerate, modify, or prolong specific immune responsesto
vaccine antigens. Gel-type adjuvants, first described in the
1920s(1), commonly are prepared from aluminum salts (alum)
and remain the only adjuvantsin U.S.-licensed vaccine formula-
tions. Adjuvants designed to augment or replace aluminum salts
have been undergoing significant preclinical development and
clinical evaluation in the past two decades. Many of these new
adjuvants have been shown to be more effective than gel-type
adjuvantsin enhancing antibody and cell-mediated immune
responses. These adjuvants can be used to improve the
performance of new and existing vaccines by enhancing the
immunogenicity of weaker immunogens, such ashighly purified
or recombinant antigens, or by reducing the amount of antigen
or the frequency of booster immunizations needed to provide
protective immunity. Some types of hovel adjuvants also permit
mucosal administration of vaccines by the oral and nasal routes
and even transcutaneous delivery.

CLASSIFICATION OF ADJUVANTS

During the past 20 years, numerous natural and synthetic
compounds have been evaluated and tested as immunologic
adjuvants. Adjuvants have been classified using a variety of
classification schemes. Table 1 shows a classification of
adjuvants based on physical and chemical properties.

A compendium of vaccine adjuvants and excipients published in
1995 catal oged many of theimmunol ogic adjuvants under
development and testing at that time (2). A second edition of this
publication is maintained on the NIAID Web site
(www.niaid.nih.gov/aidsvaccine/pdf/compendium.pdf). This
edition is designed to be aliving document into which new
adjuvants, results, and contact information can be added.

REFINING THE UNDERSTANDING OF
ADJUVANT M ECHANISMS

Understanding of the human immune system has advanced
significantly during the past 20 years. Adjuvant researchers are
applying much of this new knowledge to understanding the
mechanisms of adjuvant action. Adjuvants function through
three basic mechanisms: 1) Effects on antigen delivery and
presentation, 2) induction of immunomodulatory cytokines, and
3) effects on antigen presenting cells (APCs).

Adjuvant Effectson Antigen Ddlivery and
Presentation

The original mechanism of action attributed to adjuvants was
the “depot effect” in which gel-type adjuvants or emulsion-
based adjuvants (e.g., Freund's adjuvant) associate with antigen
and effectively increaseitshbiological and immunologic “half-
life” at the site of injection. Although this mechanism does play
arole, during the past 20 years this explanation of adjuvant
activity has proven too simplistic by itself and has been refined
to include the improved delivery of antigen to APCs and to the
secondary lymphoid organs. The immunogenicity of synthetic
peptides and other soluble antigens that otherwise would be
rapidly cleared from theinjection site without sufficient delivery
to the draining lymph nodes can be improved using gel-type or
emulsion-based adjuvants. Particulate adjuvants, such as some
liposomes and microspheres, also can protect antigens from
proteolytic destruction in the stomach, allowing the antigen to
pass into the intestines intact for presentation to the gut-
associated lymphoid system. Particulate adjuvants can also
target antigen to APCs (macrophages and dendritic cells).
Adjuvants such as the choleratoxin B (CT-B) subunit also can
deliver antigen to macrophage cells of the gut to induce mucosal
immune responses (25) and permit transcutaneous antigen
ddivery (26).

Adjuvants also function through enhancement of antigen
presentation. After phagocytosis by macrophages of exogenous
particulate antigen formulations consisting of synthetic beads
with surface-conjugated antigen, or liposomes containing
encapsulated antigen and lipid A, the antigen is released into the
cytoplasm where it is treated as an endogenous antigen. The
antigen is then processed through the major histocompatibility
complex (MHC) class| presentation pathway, and this can lead
toinduction of cytotoxic T lymphocytes (27, 28). Ingestion of
liposomal lipid A by macrophages can a so enhance MHC class
Il presentation of liposome-encapsulated antigen by macroph-

ages(29).

I nduction of Immunomodulatory Cytokinesby
Adjuvants

Adjuvants also can induce the production of various cytokines
and chemokines, which then direct helper lymphocyte subsets
or APCsto modul ate immune responses. Several cytokines have
been used as experimental vaccine adjuvants, including
interleukin (IL)-2 and interferon gamma (IFNg). Certain cytokine
mixtures, including granul ocyte-macrophage col ony-stimulating
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factor (GM-CSF), tumor necrosisfactor-alpha(TNF-a), and IL-12
emulsified with incomplete Freund’s adjuvant, can serve to steer
theimmuneresponsein adesired direction (30). The T helper
(Th) 1 versus Th2 paradigm, although continually undergoing
evolution and refinement, gave adjuvant researchers areference
point to classify the activity of variousimmunologic adjuvants
that act primarily through the induction of immunomodul atory
cytokines (31). In mice, adjuvantsthat enhance Thl-like
responses, evidenced by delayed-type hypersensitivity (DTH)
reactions, also élicitimmunoglobulin (Ig) G2aantibody subclass
responses. Adjuvants such as CT, Escherichia coli heat-labile
toxin (LT), and alum can shift theimmune response toward Th2-
like responses, predominantly enhancing antibody production,
including IgA or IgE. IgE-mediated allergies are associated with

Th2 responses to alergens. The ability of adjuvants to preferen-
tially induce Thl over Th2 responses or even to “correct”
immune responses that have naturally proceeded to the Th2
pathway isacommon goal for the development of prophylactic
vaccine or for therapeutic vaccines designed to combat allergies.

IL-12 isarecently characterized cytokine that may play apivotal
rolein the adjuvant activities of several microbial adjuvants. The
adjuvant activity of IL-12 has been demonstrated in aleishmania
vaccinein mice. Immunization of BALB/c micewith Leishmania
major antigensand I L-12 induced L eishmania-specific CD4* Thl
cells and conferred protection against infection against L. major.
Immunization of control animalswith antigen aloneelicited Th2
responses that were not protective (32).

Table1: Typesof ImmunologicAdjuvants

Bactenal exoloxins

Endotoxin-based sdjuvants
Bacterial DIMNA

Type of Adjuvant Creneral Examples Specific Examples/References
. Giel-type Aluminum hydroxide'phosphate (3}
("alum wdpuvants" )
Calcium phosphate {4)
2. Microhial hluramyl dipeptide (MDP) {5} Cholera toxin {CT), Escherichia coli

heat-labile toxin (L1 {6}
Monophosphory] lipid (MPL) A (7)
Cpl oligonuecleotides (B)

as plasmid DM A

. Pamticulate Biodegradable (9)
pelymer microspheres
Immumnostimulatory complexes {1
(15C0M=)
Liposomies (1)
4. Qil-emulsion and Fround's incomplete adjuyvant {12)MF 59
surfactont-based Microurdissd emulsions (13)5AF
adjuvanis (4, 15}
Saponing D8-21 (16}
5. Synthetic Muramyl peptide derivatives Murabutide {17}
Threony|-MIDIF {1 &)
Momnonie block copolymers LIZ21(15)
Polyphosphazens (PCPP) {19
synthetic polynuecleotides Poly A:U, Poly [:C (200
f. Cytokines Interleukin (IL)-2, IL-12, (21, 23}
granulocyic-neacrophage colony-
stimuloting factor (GM-CSF),
interferon gammea (IFMg)h
7. Genetic Cytokine genes or genes encoding [L-12, IL-2, IFNg, CD<0L (23, 24)

costimulotory molecules deliverad
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Adjuvant Effectson APCs

During the past two decades, adjuvant researchers have begun
to study the effect of adjuvants on APCs, and in particular the
dendritic cell. Dupuis and his coinvestigators demonstrated that
fluorescein-labeled gD2 antigen from type 2 herpes simplex virus
contained in the emul sion-based adjuvant MF59 was internal -
ized by dendritic cellsafter intramuscul ar injection in mice (33).
The maturation of dendritic cells bearing antigen isrequired for
optimal presentation of antigen and induction of immune
responses through stimulation of T cells (34). Adjuvants that
induce dendritic cell maturation enhance immune responses
through T-cell activation. Ahonen, et al., demonstrated that a
synthetic adjuvant R-848 that previously was shown to induce
IL-12 and I FNa secretion induces the maturation of human
monocyte-derived dendritic cells. Maturation of dendritic cells
was demonstrated through the induction of cell surface expres-
sion of CD83 and increased cell surface expression of CD80,
CD86, CD40, and human leukocyte antigen (HLA)-DR. R-848
also induced cytokine and chemokine secretion from dendritic
cells. R-848 was shown to enhance dendritic cell antigen
presenting functions, as measured by increased T-cell prolifera-
tion and T-cell cytokine secretion in allogeneic and autologous
T-cell systems (35). Understanding the ability of adjuvantsto
increase antigen uptake and maturation of dendritic cellsis
critical to the rational design of vaccine adjuvants.

CHANGING TARGETSOF VACCINES

Vaccine targets, requirements, and expectations also have been
expanding. Thisincludes therapeutic vaccine targets, including
allergy, autoimmunity, and cancer, aswell asnew preventative
vaccines. During thistime period, there al so has been a marked
increase in the number of required and recommended childhood
immunizations, with varicella, pneumococcal conjugate, and
Haemophilus influenzae type b (Hib) conjugate vaccines added
to the vaccination series. During the same time, multicomponent
acellular pertussis vaccines began to replace whole-cell pertus-
sisvaccine, and an injectableinactivated poliovirus (IPV)
vaccine began to replace the live-attenuated oral poliovirus
(OPV) vaccine. Therefore, the devel opment of vaccinesformu-
lated in combinationsis being pursued as a common goal in the
vaccine industry to reduce the number of injections required to
accomplish therequired childhood immunizations. A combina-
tion vaccineis defined by the Food and Drug Administration
(FDA) as*“two or morelive organisms, inactivated organisms, or
purified antigens combined either by manufacture or mixed
immediately before administration (36).” Among thefirst
combination vaccines were diphtheria and tetanus toxoids and
whole-cell pertussis (DTP), and trivalent polio vaccines. The
desire to devel op combination vaccines often requires the
reduction of the concentration of antigens that are normally
given as single immunizations. The use of adjuvantsto provide
the dose-sparing effect required for these formulations may be
key to the success or failure of this approach.

The past 20 years has seen significant advancesin basic
immunol ogy, much of which can be applied to the study of
adjuvants and their proposed mechanisms of action. Vaccine
scienceis steadily moving away from the empirical approaches
by which it was characterized in the past to morerational
strategies of vaccine design in terms of dose, route of adminis-
tration, and presentation. Vaccines that can be administered by
means other than percutaneous injection are also under devel-
opment; oral and transcutaneous immunization are already in
preclinical and clinical evaluation.

| MPROVEMENTS IN ADJUVANT SAFETY
TESTING

The benefits of incorporating adjuvantsinto vaccine formula
tions to enhance immunogenicity must be weighed against the
risk of these agents inducing adverse reactions. Local adverse
reactionsincludeinflammation at theinjection siteor, rarely, the
induction of granulomas or sterile abscesses. Systemic reactions
to adjuvants observed in laboratory animalsinclude malaise,
fever, adjuvant arthritis, and anterior chamber uveitis, although
retrospective analyses of previous human cohorts, including a
large group of soldiers administered an influenzavaccine
containing IFA, suggest that such models may not always
accurately reflect expected toxicity in humans (37). Such
reactions may be due to synergy between biologically active
antigens, such as bacterial exotoxins or endotoxins, and the
adjuvant. These combinations might promote, through the
induction of inflammatory cytokines, reactions that would not be
seen with more inert antigens combined with the same adjuvant.
Therefore, even though separate and extensive preclinical
toxicity studies may have been performed on the adjuvant and
the vaccine antigens to be incorporated into a candidate vaccine
formulation, afinal safety evaluation of the vaccine slated for
phase | clinical testing should be conducted. This evaluation
should be conducted in asmall animal speciesin which the
antigen has been found to be immunogenic and that can be
reproducibly immunized viathe same route anticipated for usein
humans. The dose and frequency of immunization also should
meet or exceed those anticipated for usein theclinical trial. Such
atest, conducted in rabbits, was designed through a collabora-
tive effort among the Center for Biologics Evaluation and
Research, FDA, and NIAID and continues to be evaluated with
vaccine formulations containing novel adjuvants (38).

FuTurRe ADJUVANT RESEARCH AND
DEVELOPMENT

Optimization of theimmunogenicity of modern single and
combination vaccines constructed of subunit antigens will
require the use of alarger array of immunol ogic adjuvants than
the aluminum compounds in today’s licensed vaccines. The
selection of adjuvants for usein vaccine formulationsis
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important in optimizing vaccine efficacy, improving vaccine
compliance, and reducing cost. They should be chosen for use
with a particular antigen based on the route of administration
and the immune responses desired. Standardized methods
currently under development for the evaluation of adjuvant
safety should be implemented for testing human candidate
vaccines formulated with novel adjuvants. The methods and
models adopted for use in the safety evaluation of adjuvanted
vaccines must be appropriate for the formulation and the route
of administration.
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Changesin the Regulations for Vaccine Research and Development

Norman W. Baylor, Ph.D., and Loris D. Mc\ttie, Ph.D.

| NTRODUCTION

Over the past 20 years, there have been many new vaccines
licensed for use in the United States (Table 1). Although there
are general requirements (e.g., good manufacturing practices,
labeling, licensing procedures, conduct of clinical trials) codified
inthe Federal regulationsfor all biological products, there are no
specific minimum standards codified in the regul ations for the
manufacture and clinical evaluation of any of the vaccineslisted
inTable 1. The Food and Drug Administration (FDA) is con-
stantly challenged to develop standards for assessing the safety
and efficacy of new vaccines under development. Instead of
incorporating new standards into the regulations, the license
application itself contains all of the standards for each specific
new vaccine. The FDA also publishes guidance and other
regulatory documents on specific topics to assist manufacturers
and clinical investigatorsin devel oping new products. Some of
these will be discussed in more detail below.

Regulatory History

Theregulation of biologics, vaccinesin particular, has devel-
oped historically around safety concerns. It has been nearly a
century since Congress enacted the 1902 Biologics Control Act.
Thiswasthefirst U.S. legidation that regulated the sale and
interstate traffic of viruses, serums, toxins, and analogous
products. These provisions were revised and codified in Section
351 of the Public Health ServiceAct (PHSAct) of 1944. This
congressional mandate established a regulatory program
whereby manufacturers of biological products must be licensed
to distribute these products and must provide adequate
demonstration that they are pure, potent, and safe for their
intended purposes.

The regulation of biologics can be divided into two phases:
Premarketing, which consists of the investigational and licens-
ing phase, and postmarketing, which involves surveillance of
the product performance after licensure. The PHSAct alows
only licensed products to be shipped from one State to ancther.
With the passage of the K efauver-Harris amendments to the
Food, Drug, and Cosmetic Act (FD& CAct) in 1962, the FDA
obtained the legal authority to regulate clinical research in the
United States when an experimental (investigational) product
moves across State or international borders.

The authority to revoke or deny a license on the basis that the
product isineffective or misbranded isnot explicit in Section 351
of the PHSAct. However, al biological products, including
vaccines, are defined to be drugs. Thus, the FD& C Act also
pertains to biological products. Applicable provisions of the

FD& C Act containing explicit authority to control the effective-
ness and misbranding of all drugswere redelegated in 1972 for
use to control the effectiveness and misbranding of biological
products.

OnJduly 1, 1972, the Division of Biologics Standards of the
National Institute of Allergy and Infectious Diseases, which was
charged with administering and enforcing Section 351 of the
PHSAct, wastransferred by the Secretary of Health, Education
and Welfare to the FDA and became the Bureau of Biologics
(BoB). Thisresulted in the transfer of the regulations pertaining
to biologicsfrom Part 73 of Chapter | of Title 42 of the Code of
Federal Regulations (CFR) to Chapter | of Title 21 of the CFR
(2). In 1982, the BoB was renamed the Office of Biologics
Research and Review (OBRR) and combined with the Office of
Drugs Research and Review to form the Center for Drugs and
Biologics. In 1987, the OBRR wasrenamed the Center for
Biologics Evaluation and Research (CBER).

L egal Authority

A single set of basic regulatory criteria appliesto vaccines,
regardless of the technology used to produce a vaccine. The
legal authority for the regulation of vaccinesresidesin Section
351 of the PHS Act aswell as specific sections of the FD& C Act.
These statutes are implemented through regulations codified in
the CFR. The CFR contains current regulations of all U.S.
Federal agencies. There are 50 titles, and the FDA regulations
arefoundin Title 21. Theregulationsthat specifically apply to
vaccines and other biologics are located in 21 CFR 600 through
680. VVaccine manufacturers must also comply with current good
manufacturing practiceswrittenin 21 CFR 210 and 211. The CFR
regulations cover the methods, facilities, and controls to be used
for the manufacture, processing, packing, and holding of drugs
and biologics to assure that such products meet the require-
ments of the FD& C Act asto safety and have the identity,
strength, quality, and purity characteristics that they are
purported to possess. These regulations detail the minimum
requirements for the preparation of drug products for administra-
tion to humans or animals. Other specific regulations that apply
to vaccines and biologics are 21 CFR Part 50—protection of
human subjects, Part 56—institutional review boards, Part 58—
good laboratory practices, Part 201—Iabeling, and Part 312—
investigational new drug applications.

CHANGES To THE REGULATIONS

The Prescription Drug User FeeAct of 1992 (PDUFA I) enabled
the FDA to accelerateits drug and biological evaluation process.
Thislegislation resulted in acommitment by the FDA to perform
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complete reviews, not necessarily approvals, of regulatory
submissions for new or currently marketed products and provide
feedback to manufacturers (applicants) within specified
timeframes.

The Clinton administration’sreinventing Government initiative
ordered all Federal agenciesto review their regulations and
eliminate or revise those that were outdated. As aresult of this
initiative, the FDA issued anotice of proposed rulemaking in the
Federal Register of October 13, 1995, for theremoval of a
number of outdated or unnecessary regulationsin 21 CFR 100 to
801 (2). The FDA issued afinal rulein August 1996 to remove
certain biologics regulations that were considered obsolete or

no longer necessary to achieve public health goals (3). Among
these regulations were the additional standards for bacterial
products (including bacterial vaccines), 21 CFR 620, and
additional standardsfor viral vaccines, 21 CFR 640. Although
not all bacterial and viral vaccines were actually covered in the
additional standards as written in the regul ations, the elimination
of theregulationsthat did exist allowed for amoreflexible
approach in the development of product specifications without
having to adhere to codified standards that quickly become
obsolete.

The passage of the FDA Modernization Act of 1997 (FDAMA)
focused on reforming the regulation of drugs and biologicals as
well asfood and cosmetics. The FDAMA reauthorized the
PDUFA | and extended it through September 30, 2002. In the past
5 years, the PDUFA |1 program has further compressed the
timeframes by which regulatory submissions are to be reviewed.

The codified initiatives under the FDAMA included measuresto
modernize the regulation of biological products by bringing
them in harmony with the regulations for drugs. Thisincluded
eliminating the need for establishment license applications. Prior
to the FDAMA, a product license application and an establish-
ment license application (ELA) wererequired to be submitted for
review by the FDA. Section 123 of the FDAMA amended
Section 351 of the PHS Act to require that asingle biologics
license bein effect for all biological productsininterstate
commerce. On October 20, 1999, thefinal rule“Biological
Products Regulated Under Section 351 of the Public Health
ServiceAct; Implementation of the BiologicsLicense; Elimina
tion of the Establishment License and Product License” was
published (4). Thisfinal rule addressed procedures for handling
Biologics License Applications (BLAS) and issuance of
biologics licenses for al products subject to licensure under the
PHSAct, and amended the licensing regulationsin 21 CFR 601
to reflect the changes to the licensing requirement of Section
3B1

InJuly 1997, the FDA amended the biologicsregulationsfor
reporting changes to an approved application (5). These
regulations describe the nature and extent of information that
must be submitted to the CBER by manufacturers of licensed
products to support changes in product manufacture, testing, or

clinical use. The FDA proposed that for reporting purposes,
changes to a licensed product be divided into three categories
based on the potential of change described to substantialy,
moderately, or minimally affect product safety, purity, potency, or
effectiveness in an adverse way. The “changes to be reported”
regulationsarefoundin21 CFR601.12.

REcuLATORY DOCUMENTS

The FDA also publishes guidance documents that do not have
the force of law, but provide useful recommendationsin specific
developing areas of science. Guidance documents can clarify
certain sections of the CFR or provide expanded discussions of
current scientific and regulatory expectations regarding product
development. The use of such documents to provide guidance,
rather than regulations to enumerate requirements, allows the
agency to be moretimely, flexible, and responsiveto rapidly
evolving scientific fields. With the enactment of the PDUFA and
FDAMA; significant advancesin many areas of immunology,
microbiology, virology, and related sciences; and participation of
the United States in efforts of the International Conference on
Harmonization (ICH) (ajoint project between theregulatory
authorities of Europe, Japan, and the United States and pharma-
ceutical industry experts) all leading to an increasingly complex
regulatory environment, the number of guidance-containing
documents has grown dramatically. Many of these documents
arerelevant to vaccine development. The following section
provides a brief discussion of those documents most often
referenced by FDA reviewersin their assessment of regulatory
submissions.

The* Pointsto Consider in the Characterization of Cell Lines
Used to Produce Biologicals’ (1993) describes basic conceptsin
cell banking and characterization, including testing for tumorige-
nicity and adventitious agents. In the years since this document
was developed, concerns regarding the possible presence of
adventitious agents (which may have arisen from contaminated
raw materials or been introduced during the manufacturing
process) and the ability to detect these agents have increased.
The CBER iscurrently working to revise and update guidance in
thisarea, which affects cell banksand viral seeds. The ICH also
has published “ Guidance on Quality of Biotechnological/
Biological Products: Derivation and Characterization of Cell
Substrates Used for Production of Biotechnological/Biological
Products’ (Q5D, 1998), which isgenerally applicableto many
vaccine products not madein primary cell lines.

Additional guidanceregarding adventitiousviral clearance(i.e.,
virus removal or inactivation) may be found in “Pointsto
Consider in the Manufacture and Testing of Monoclonal
Antibody Productsfor Human Use” (1997) and in the |CH
document “Viral Safety Evaluation of Biotechnology Products
Derived From Cell Linesof Human or Animal Origin” (Q5A,
1995). Although the | CH document excludes most vaccinesfrom
the scope of its coverage, the concepts discussed are consid-
ered generally relevant for many traditional vaccine approaches.

46



The Jordan Report

The emphasis by the FDA and ICH on cell and viral issues
underscores the importance of thorough, well-documented,
scientifically sound testing and characterization from the earliest
stages of product development. As always, it isincumbent upon
product manufacturers to keep abreast of agency recommenda-
tions and requirements to ensure satisfactory product quality
and safety and to avoid regulatory hurdles caused by poor
decisionmaking and recordkeeping during the devel opment
process.

Asan example of the need for appropriate product quality
control from the onset of product development, consider the
concern that has arisen regarding the potential presence of
causative agents of transmissible spongiform encephal opathies
in products exposed to animal-derived raw materias at any stage
of development and manufacture. This concern, albeit remote
and theoretical at thistime, has prompted not only rigorous
prospective qualification of bovine materials, such as serum
used for cell culture, but also retrospective searches for docu-
mentation of materialsused in cell bank and viral seed prepara-
tions. Throughout the 1990s, the FDA and CBER sent a series of
“Dear Manufacturer” letters cautioning against the use of
undocumented or inappropriately sourced bovine materials.
Although agency policy is evolving, there has been and
continues to be a clear expectation that only appropriate material
should be used during all stages of product manufacture.
Current information regarding regul atory expectations and
scientific concerns may be found on the CBER Web site (http://
www fda.gov/cber).

In addition to the guidance provided in the documents listed
above, the CBER's Office of Vaccines Research and Review
(OVRR) has sent several letters to sponsors of investigational
new drugs (INDs) covering new considerations for testing for
adventitiousretroviruses|letter of Dec. 14, 1998 (www fda.gov/
cber/Itr/viral 121498 htm)] and for characterization of products
derived fromthe Vero cell continuousline[letter of Mar. 12, 2001
(www.fda.gov/cber/Itr/vero031301 htm)]. The use of such letters
to convey concerns or make recommendations regarding
emerging technologies or scientific issuesfacilitates the
establishment of clearer communication between the agency and
sponsors in these complex policy areas.

Another rapidly expanding area of interest is the development of
DNA vaccines. The nature of these products dictates that
specific preclinical studies be carried out to address issues of
integration, biodistribution, and persistence of the vaccine
construct in subjects. The “Pointsto Consider on Plasmid DNA
Vaccinesfor Preventive Infectious Disease Indications’ (1996)
provides extensive discussion and recommendations regarding
these and other relevant issues.

Of great utility for the devel opers of all new vaccinesisthe
“Guidance for Industry for the Evaluation of Combination
Vaccines for Preventable Diseases: Production, Testing and

Clinical Studies’ (1997). Thisdocument providesaconcise
discussion of many generally applicable principles of vaccine
development with regard to performance and documentation of
manufacturing and quality control testing, aswell as elements of
clinical trial design and conduct. Combination vaccines, which
are those intended to prevent multiple diseases or asingle
disease caused by different strains or serotypes of the same
organism, have been interpreted to fall under the purview of 21
CFR610.17, which dictates that licensed products may not be
combined with other licensed or unlicensed products unless a
license is obtained for the combination. Moreover, according to
21 CFR601.25(d)(4), each component of the combination must
contribute to the claimed effects of the combination and must
not interfere with each other’s performance. The combination
vaccines guidance document discusses specia challenges
presented in demonstrating the safety and effectiveness of
these products, such as the compatibility of active components
and potential for immunological interference.

With theimplementation of the new BLA to obtain marketing
approval, guidance was devel oped in the “ Content and Format
of Chemistry, Manufacturing and Controls[CMC] Information
and Establishment Description Information for aVaccine or
Related Product” (1999). Thisdocument providesadetailed
outline of the CMC and establishment sections of the BLA. The
CMC section requires descriptions of the method of manufac-
ture, batch records, in-process controls, and product consis-
tency and stability; the guidance document discusses these and
other pointsin detail to assist manufacturers preparing alicense
application. Similarly, the establishment section, which takesthe
place of theformerly separate ELA, should contain information
regarding specific facility systems (e.g., water and ventilation)
and contamination and cleaning issues. It should be noted that
many facilitiesissues will also be addressed during the
prelicensure inspection that will be conducted by various
agency experts.

Recently, the “ Guidance for Industry on Considerations for
Reproductive Toxicity Studiesfor Preventive Vaccinesfor
Infectious Disease Indications’ (2000) was devel oped because
of the potential for preventive vaccinesto be used in femal es of
childbearing potential aswell as pregnant women. While
preclinical studies addressing thisissue are now expected to be
completed during the prelicensure stage of product develop-
ment, this document also discusses the establishment of
pregnancy registries for productsin commercial use.

While not specific for vaccines, many other documents pub-
lished by the ICH are useful in assessing vaccine quality, with
regard to manufacturing issues and clinical performance.
Documents on stability, assay validation, specifications,
preclinical testing, clinical datacollection and organization, as
well as other topics are available on the CBER Web site (http://
www.fda.gov/cber) and may provide helpful guidanceto
developers of various vaccine products.
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Guidanceisalso available on the many administrative proce-
dures and policies that have arisen from the PDUFA and
FDAMA. For example, different types of meetingswith the
agency are described in “ Guidance for Industry on Formal
Meetings With Sponsors and Applicants for PDUFA Products”
(2000). This document describes the proceduresto be followed
in requesting a meeting, which were devised to help ensure that
meetings can be held in atimely manner with relevant staff in
attendance. Additional guidance on the CMC content of
meeting packages to be submitted by manufacturers of IND
productsis availablein the document entitled “IND Meetings
for Human Drugs and Biol ogics—Chemistry, Manufacturing,
and ControlsInformation” (2001). Critical guidancefor potential
license applicantsisfound in the Refusal to File Guidance,
which describes criteria by which alicense application may be
considered to be so incomplete as to be unreviewable.

FuncTioN OF THE OFFice OF
VAccINES REsearcH AND REVIEW

The CBER'sOVRR isresponsiblefor regulating vaccines and
related products produced by manufacturers licensed in the
United States. The OVRR isone of six officesestablished in
January 1993 during the reorgani zation of the CBER. Thisoffice
is comprised of two laboratory-based divisions (Division of
Bacterial, Parasitic and Allergenic Productsand Division of Vira
Products) as well as a nonlaboratory-based division [Division
of Vaccines and Related ProductsApplications (DVRPA)]
comprised of nonlaboratory-based scientists and physicians.

DVRPA hastheresponsibility for theinitial receipt and adminis-
trative processing of biological INDsand BLAsfor vaccines
and related products submitted by the regulated industry. This
division has the responsibility along with the laboratory-based
research divisionsfor thereview of viral, bacterial, rickettsia,
and parasitic vaccines, toxins, toxoids, diagnostic substances
for dermal tests, venoms, and allergenic extracts. Thereview
processinthe OVRR beginswith aninitial review by
multidisciplinary review teams consisting of microbiologists,
virologists, immunologists, toxicol ogists, statisticians, physi-
cians, and consumer safety officers for scientific content and
compliance with the regulations. Reviewers are selected on the
basis of their expertise with the type of product, its method of
manufacture, and clinical indication.

Approval of anew vaccine application or supplement (applica-
tions are submitted for new products, whereas supplements to
those applications must be submitted when significant manu-
facturing, facility, or equipment changes are madeto the
product, or a new indication is sought) involves the satisfactory
review of all manufacturing and clinical data, areview of
protocols for manufacturing and testing, the results of confirma-
tory testing within the OVRR, and a prelicensing inspection by
product expertsin the OV RR and good manufacturing practice

expertsfrom the CBER's Division of Manufacturing and Product
Quality. In addition, the preapproval process usually involves a
review and discussion of applications by the OVRR’s Vaccines
and Related Biological Products Advisory Committee prior to
approval.

SUMMARY

There are hundreds of vaccinesin clinical trials throughout the
world. Many of these investigational vaccines contain novel
adjuvants, some are DNA vaccines, and others are recombinant
subunit vaccines. The FDA hasthe difficult charge of regulating
these vaccines to assure they are safe and efficacious. It
continues to face new challenges, dealing with such safety
concerns as the use of novel cell substrates and the evaluation
of these cell substrates for known and unknown adventitious
agents. The FDA's regulations and guidance documents will
continue to evolve in response to new technologies.

Table1: VaccinesLicensed in theUnited Sates
Between 1981 and 2001

Date Vaccine

1981-1990 Meningococcd A, C, Y, W-135 vaccines

Hepatitis B vaccine

Pneumococcal polyvalent 23 vaccine

Haemophilus influenzae type b (Hib)
polysaccharide vaccine

Hib conjugate vaccine

Typhoid live oral Ty21A vaccine

1991-2001  Diphtheria and tetanus toxoids and acellular

pertussis (DTaP) vaccine
Japanese encephalitis vaccine

Diphtheria and tetanus toxoids and
whole-cell pertussis (DTP)-Hib conjugate
combination vaccine

DTaP-Hib conjugate combination vaccine
Hepatitis A vaccine
Typhoid polysaccharide vaccine

Varicella vaccine

Hib conjugate-hepatitis B combination
vaccine

Rotavirus vaccine
Lyme vaccine

Pneumococcal conjugate vaccine
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Vaccine Efficacy and Safety Evaluation

Mary A. Foulkes, Ph.D., and Susan S. Ellenberg, Ph.D.

Benefit-to-risk considerations are needed to support informed
public health policy decisions and personal choices regarding
vaccinations. Such considerations require that the efficacy and
the safety profile be evaluated thoroughly for any given
vaccine. From this perspective, we discuss the continuing
process of vaccine development and evaluation through to
widespread public use.

V AccINE DEVELOPMENT

Vaccine efficacy has long been defined as the reduction in the
infection rate attributable to the vaccine (1, 2). It is sometimes
estimated as prevention of disease after deliberate exposurein
challenge studies, or by induction of immunogenicity when a
specific immune response measured serologically has been
shown to be adequate to prevent infection. Efficacy, whether
measured directly as prevention of the targeted disease or
indirectly by measuring immune response, isgenerally evaluated
in prospective, randomized controlled trials. Double-blind trials
with placebo controls are often necessary to minimize biasin
patient recruitment and assignment and in evaluation of
outcomes.

Initial testing of new vaccinesinvolves measuring immune
responsesin phase | and Il trials. Immunogenicity isameasure
of the ability of the vaccineto elicit the desired or intended
immunologic response. Antibody titers provide a measure of an
individual subject’s direct response to the vaccine, and in
principle, should indicate whether that subject islikely to be
protected from the disease in question. Additionally, safety
assessments, primarily evaluation of local and systemic reac-
tions, are very important in establishing arationale for future
development. Often, multiple doses are evaluated to arrive at an
optimal dosefor further investigation. Similarly, multipleroutes
of delivery can be evaluated (e.g., injection; tablet; inhalation; or
edible products such as potatoes, bananas, or tomatoes). This
information can provide aninitial, relatively imprecise measure of
risk/benefit ratio.

Phase |11 trials to assess efficacy are conducted after early phase
trials establish preliminary evidence of the vaccine's safety and
immunogenicity. The appropriate size of phase Il vaccinetrials
depends upon a variety of factors, including the primary
outcome measure, the disease rate in the absence of vaccination,
the minimum effect size of interest, and the acceptable error rates
(aand b). Sample sizes needed to study efficacy based on levels
of immune response are usually much smaller than those needed
to evaluate prevention of clinical disease, and vaccinesto
prevent common diseases can be evaluated in smaller trialsthan

vaccinesto prevent rare diseases. For example, the efficacy of
varicellavaccinewasclearly establishedinaclinica trial that
included less than 1,000 subjects; on the other hand, the World
Health Organization Vaccine Trial Registry includes numerous
phase Il efficacy trials of cholera, Haemophilus influenzae type
B (Hib) meningitis, and pneumococcal vaccines enrolling tens of
thousands of subjects. The first randomized vaccinetrial, the
Francisfield trial of the Salk polio vaccine, required nearly half a
million childrenin order to reliably assessthe vaccine's efficacy

©

If the focus of avaccinetrial includes not only efficacy but also
safety with respect to a specific adverse event, additional
factorsto consider in determining sample sizewould be the rate
of that adverse event in the absence of vaccination, and the
magnitude of the difference in the event rate between the
vaccinated and nonvaccinated groups that one would wish to
detect. Due to the association of intussusception with rhesus
rotavirusvaccine (4), for example, trials of new rotavirusvaccine
candidates will have to focus on the rate of intussusception as
well as on the usual measures of vaccine efficacy. When the rate
of arelatively rare adverse event determines the sample size, the
trial may be considerably larger than trials designed with vaccine
efficacy asthe sole driving focus.

Aswith al new pharmaceutical products, evaluation of safety is
acritical concernin all phases of vaccine development, from
early phase | through phase 1V (5, 6, 7). Active adverse event
monitoring is very important throughout the process of experi-
mental vaccine evaluation. Phase | trials are often designed as
dose-finding studies, looking for immediate toxicity and unan-
ticipated adverse events, measuring antibody titers, injection
site reactions (erythema, induration, pain and tenderness),
allergic reactions, and other short-term (hours to days) out-
comes. These may even be conducted in an inpatient facility to
permit close observation, reporting of signs and symptoms, and
collection of seraand other specimens. Phase I| trials, often
placebo controlled, are designed to further establish safety.
These trials capture the occurrence and magnitude of fever,
irritability, injection siteredness, swelling, and pain, aswell as
the longer term (weeks to months) response to vaccine. Saf ety
events are scrutinized as isolated events and as consolidated
events, e.g., any respiratory adverse event during the follow-up
period. The eligibility for these trials becomes progressively less
restrictive in each successive phase, approaching the target
population of potential vaccinees. Phase 1l controlled trials,
often double blind, are designed to directly estimate vaccine
efficacy with heal th outcomes (requiring months of follow-up),
such asinfection, hospitalization, or absenteeism from school or
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employment, rather than exclusively immunol ogic end points,
except in cases in which the immune response is considered to
be a satisfactory surrogate for clinical protection. In addition to
evaluating efficacy, phase I11 trials often address duration of
protection.

Prelicensure studies typically provide adequate safety data on
relatively common adverse events, but usually cannot provide
estimates of the risk of more serious but rare adverse events.
Experiencewith similar or earlier generation vaccines[e.g., ora
poliovirus (OPV), whole-cell pertussis, or rhesusrotavirus
vaccines] can suggest appropriate adverse events for focused
attention in safety studies. Hypotheses related to vaccine safety
often require larger and/or longer studies than have been
conducted traditionally prior to licensure.

As more vaccines have been added to the pediatric immuniza-
tion schedule, and as the incidence of serious infectious disease
has declined, parent groups and the lay media have focused
increasing attention on possible vaccine-associated adverse
events. With memory of the infectious disease epidemics of the
past fading, previously acceptable margins of uncertainty may
be larger than can be tolerated. Expansion of the prelicensure
safety information as discussed above may be inevitable.

Vaccine formulations often include additives: Adjuvants such as
aluminum hydroxide, aluminum phosphate, and cal cium phos-
phate; preservatives such asthimerosal; and thermal or alkaline
stabilizers such as MgCl,. The effects of these additives on the
immune response and on adverse events need to be evaluated
thoroughly during development and postlicensure. Recent
concerns about exposing infants to mercury compounds have
led to the discontinuation of vaccines manufactured with
thimerosal, a mercury-containing preservative, for usein the
United States (8). As the result of concerns about exposure to
products that could potentially transmit bovine spongiform
encephal opathy (BSE), stabilizers of bovine origin are no longer
used. Investigational adjuvants, used to enhance immune
response, also may raise safety concerns, particularly with
therapeutic vaccines for which it may be difficult to distinguish
between adverse events caused by the administered product
and adverse events that are part of the disease process that is
being treated (9). Severelocal reactions|[localized cystic
reactions requiring surgical intervention (10)] and the subse-
guent perceived safety profile of incomplete Freund's adjuvant
(IFA) have limited its use in recent years and have impacted the
development of newer adjuvants. Other examplesinclude the
evaluation of avariety of adjuvants, including a liposome-based
adjuvant in malariavaccine (11), or multiple adjuvantswith
different physical and chemical propertiesin an experimental
human immunodeficiency virustype 1 (HIV-1) vaccine (12).

Each new vaccine development poses unique challenges, but
the development of HIV vaccinesis particularly challenging.
Since HIV isknown to have ahigh rate of mutation of the HIV-1

envelope protein (13), there are subtle biological and geographic
differencesin variants of the virus that may be changing over
time. To ensureimpact on the rate of HIV transmission, public
policy considerations must include not only vaccine efficacy,
but also population-level benefits (direct and indirect effects),
including behaviora changes, vaccine coverage rates, second-
ary transmission rates, mixing patterns, and other factors (14).
Phase Il trials of HIV candidate vaccines are ongoing. One of
thelimiting factorsin movingtrialsforward isthelack of known
correlates of protection that could simplify and speed the
evaluation of candidate vaccines. Candidate vaccines might
prevent infection, prevent or delay progression to clinical
disease, or reduce HIV-1 transmission in humans. The choice of
target for an HIV vaccine affects not only the vaccine design
and development, but also the ultimate public health impact,
given multiple clades with geographi c-specific prevalence.
Those factors specific to HIV vaccine trials that may increase
thetrial size, duration, and/or complexity includethe need for
rapidtrial results, the gradual accumulation of maximum protec-
tion, accuracy levels of detection assays, and HIV exposure
avoidance counseling (15). Trialsmay need increased sample
sizedueto the potentially small effect size, which may bethe
result of competing behavioral interventions, excessive lossto
follow-up, or aneed for broader inclusion of various subpopul a-
tions.

POSTLICENSURE SURVEILLANCE

Since preventive vaccines are administered to millions of healthy
individuals, they necessarily undergo extensive and continuous
safety evaluation. Most safety monitoring of licensed vaccine is
based on passive reporting systems, such as the Vaccine
Adverse Events Reporting System (VAERS) in the United States
(16) and the Yellow Card system used by the Medicines Control
Agency in the United Kingdom (17). Passive systems have
many known limitations, including underreporting of events,
incomplete and often inaccurate information on the event itsel f
and the medical history of the vaccinee, and the inability to
distinguish coincidentally occurring serious events from those
with atrue causal association with the vaccine (18). Passive
surveillance approaches offer hypothesis-generating but not
hypothesis-testing capabilities.

Improved surveillance approaches are feasible with sophisti-
cated computer systemslinking routine clinical datawith
immunization records. Examples of such systemsincludethe
Canadian Immunization and Monitoring ProgrammeActive
(IMPACT) system (19), and the Vaccine Safety Datalink [V SD]
(20) inwhich anumber of health maintenance organizations
(HMOQs), such as Kaiser Permanente Northern Californiaand
Group Health Cooperative of Puget Sound, collaborate with the
Centersfor Disease Control and Prevention (CDC) on vaccine
safety investigations. These systems have been instrumental in
describing the safety profile of pneumococcal, varicella,
hepatitis B, Hib, and other vaccines. They can provide postvac-
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cination rates of local and systemic reactions, hospitalization,
emergency room use, sudden infant death syndrome (SIDS), and
other events. They also can provide the setting for randomized
controlled trials, comparisonsto historical (prevaccine) controls,
case-control studies, or comparisons of observed safety profiles
of different vaccines (21).

Onceavaccineisgenerally available, safety monitoring contin-
ues with respect to the production, distribution, storage, and
delivery. Package insertsfor licensed vaccinesinclude recom-
mendations for storage and handling. The widespread use of
vaccines rapidly after licensure can exacerbate these saf ety
considerations. The classic historical exampleisthe Cutter
incident. In the production of inactivated poliovirus (IPV)
vaccinefrom Cutter Laboratories, not all of thewild poliovirus
was inactivated in two of the vaccine lots, leading to 260 cases
of paralytic polio clearly caused by the vaccine. Thisincident
had the potential, fortunately unrealized due to the positive
public reception to the vaccine, to seriously undermine the
entire vaccination program (22). As a consequence of this
devastating event, CDC established surveillance programs to
continuously monitor vaccine adverse effects (23). Refinement
of postlicensure safety assessments has continued, and oral
vaccine has been superseded by inactivated vaccine. The
Department of Health and Human ServicesAdvisory Committee
on Immunization Practices (ACIP) recommended in 1999 that IPV
be used exclusively in the United Statesto eliminate the
shedding of live vaccine virus and the risk of vaccine-associated
poliomysdlitis.

Aninstructive exampl e of the rapidity with which postlicensure
safety evaluation can provide important new information
following the introduction of anew vaccineisthe experience
with the tetravalent rhesus-human reassortant rotavirus vaccine
(RRV) approved by the Food and Drug Administration (FDA) in
1998 and then recommended for universal administrationto
infants (24). Theinitial placebo-controlled trials of RRV demon-
strated the vaccine's efficacy in reducing the incidence and
severity of rotavirus. Although several cases of intussusception
had occurred among approximately 10,000 vaccinees, the
observed rate did not appear to exceed the expected number
based on estimated background rates in this age group; further,
a case of intussusception also had been observed among the
controls(25). Passive surveillance (VAERS) provided theinitial
indication of a safety concern; the reporting of 15 cases of
intussusception following RRV during thefirst 10 months after
licensure represented about half the number that might have
been expected during that interval, based on the expected
background rate and the estimated vaccine coverage (26). Given
the unknown but likely substantial underreporting, these reports
generated concern and prompted the rapid design and imple-
mentation of alarge case-control study. Simultaneously, ACIP
recommended theimmediate suspension of the RRV immuniza-
tion program. When the case-control study was compl eted,
showing a strong causal association between the vaccine and

intussusception (27), the American Academy of Pediatrics
Committee on I nfectious Diseases withdrew itsrecommendation
for rotavirus vaccination (28), and the manufacturer voluntarily
recalled the product.

V AcCCINE ADVERSE EVENT
SURVEILLANCE M ETHODS

Just as vaccine devel opment and new routes of delivery are
evolving, so are the methods for surveillance of adverse events.
One surveillance method, used in the United Kingdom and
Canada to monitor the adverse events associated with vaccines,
is based on the linkage of vaccination records (dates and
vaccine batch numbers) and hospital discharge diagnosis
records. This method controls for confounding by indication
without requiring information on noncases (29, 30). The propor-
tion of cases vaccinated is compared to the proportion vacci-
nated in the population as awhole, without the detailed vaccina-
tion record data for the entire population. The advantage is that
this method provides an estimate of relative incidence of the
clinical event conditioned not only on the occurrence of the
event (as with the usual case series), but also on the vaccination
history (31). Therisk associated with a specific dose of a
multidose regimen, the duration and magnitude of any increased
risk, aswell asrisks attributable to particular strains of vaccine
could be compared by this approach. The potential associations
between diphtheria and tetanus toxoids and whole-cell pertussis
(DTP) vaccination and febrile convulsion and between measl es-
mumps-rubella(MMR) vaccination and idiopathic thrombocy-
topenia purpura (ITP) wereinvestigated by this method. With
increasing availability of administrative computerized records,
and more combination vaccines delivering more antigens
simultaneousdly, this approach provides an additional method for
identifying adverse events without requiring vaccination data
on the entire population.

The VSD permitsavariety of study approaches, including case
series, case-control studies, and cohort studies, with the
additional strength of chart validation and prospectively
recorded vaccination history (19, 20). IntheV SD, vaccination
records are linked to pharmacy prescriptions, demographic data,
and medical outcome records at several HMOs. While not
broadly representative of the U.S. population, opportunities
exist with this approach to investigate diverse vaccination
exposures and acutely emerging public health questions. As
HMOs are added to the VV SD, and the popul ation becomes more
representative, the VSD will provide even more valuable data.

Computer-intensive methods such as data mining are being used
to explore and analyze very large datasets to identify potential
associations between vaccines and adverse outcomes. Data
mining methods are not dependent upon strong model assump-
tionsasare, for example, discriminant analysisor multiplelinear
regression. Some datamining applicationsrely on existing
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analytic techniques such as logistic regression or recursive
partitioning. The application of data mining techniquesto
VAERS, using empirical Bayesian estimation, has been de-
scribed using the data on the rhesus rotavirus vaccine associa-
tion with intussusception as an example (32). It remainsto be
seen how effective the routine application of data mining
techniques to passive surveillance datawill bein providing
early signals of true vaccine safety issues.

CoMBINATION VACCINES

Combination vaccines have been in usein the United States
since the 1940s. They offer increased convenience and there-
fore the potential for increased vaccine coverage, particularly as
the pediatric vaccination schedule continues to expand. The
evaluation of combination vaccines administered in the same
syringeis complex, but the impact of combination vaccines on
clinical staff, parents, and infantsis clear. Numerous investiga-
tors have demonstrated the savings attributable to combination
vaccinesin total staff time associated with vaccine preparation,
injection, and administrative issues (shipping, handling,
storage), aswell asin reducing infant crying time and multiple
visits (33, 34). Fewer injections al so diminish missed vaccination
visits, simplify the overall vaccination schedule, and facilitate
broader vaccine coverage. Antigenic competition, decreased
immunogenicity or increased reactogenicity, choice of control
groups for comparison in prospective trials, standardized
assessment of adverse reactions, and determination of serologic
correlates of protection all complicate the evaluation of combi-
nation vaccines (35, 36). Standardized assessment of adverse
eventsin trials comparing combination vaccine with separately
administered components has been recommended for pre- and
postlicensure studies (37). More safety data may be needed for
some combination vaccines if the available safety datafor the
individual componentsarelimited (38).

Risk CoOMMUNICATION

The continued success of immunization programs and infec-
tious disease control depends to a great extent upon targeted,
accurate, and timely communication with potential vaccinees
and their parents. Given that public understanding of infectious
disease and of theimmune system can be limited and is some-
times erroneous, and that confusion of causality and temporal
association occurs all too frequently, public education regard-
ing the need for and the efficacy and safety of vaccinesis vita
to global public health. Recent exampl es of the concerns
surrounding the use of the hepatitis B vaccinein France (39, 40,
41) and the MMR vaccinein the United Kingdom (42) demon-
strate that public health programs must improve their capacities
to communicate more clearly and effectively to the public about
the benefits and risks of vaccination. Although investigation of
these concerns showed little or no evidence of any adverse
consequences of the vaccines in question, the extensive
publicity that the concerns received had major negative effects

on immunization programs. Re-emergence of serious diseases
following lowered levels of vaccine coverage has been seenin
several countries (43) and may be on the horizon again if more
effective means of communicating with the public about the
importance and value of vaccination are not developed and
implemented.
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OVERVIEW

Over the past 20 years, vaccine risk communication has evolved
from nearly nonexistent to becoming an integral part of immuni-
zation practice today. There are several reasons for this;, some
obvious, others less so. Advances in medicine and biotechnol-
ogy have led to public debate over the imprecise nature of
health risks. Thetask of informing the public about these risks
is made difficult by limited understanding of what are often rare
adverse effects. With immunization, the seeming disappearance
of many infectious diseases has paradoxically created a height-
ened perception of vaccine risk and uncertainty. The challenge
to effectively communicate vaccine risks and benefits has
increased accordingly. With the Internet and itslimitless
opportunitiesfor information (and misinformation) comesthe
need for even more effective techniques and strategies for
effectively communicating vaccinerisks and benefits. Building
on insights from research on health and environmental risk
perception, communication, and decision making, vaccinerisk
communicators are devel oping validated empirical approaches
to the design and evaluation of risk communication, and acadre
of researchers and new institutional structures to assist in these
efforts. This article reviews the changing vaccine benefit/risk
paradigm,; factors affecting vaccine risk communication; and the
roles and influences of institutional development, government
regulation, and the media. It concludes with a discussion of the
current state of risk communication science and its relevance to
future vaccine communication design and content. A timeline
reflecting events over the past two decadesis shown in Table 1,
and alist of vaccine risk communication resourcesis provided
inTable2.

BACKGROUND

Concerns about vaccinerisk originated in the late 1700s when
smallpox vaccinewasintroduced, followed by similar contro-
versy over rabiesvaccination nearly 100 yearslater. Astime
passed, the life-saving benefits of vaccines spoke volumes,
making acceptable the relatively infrequent, albeit serious,
reactions associated with each vaccine. Polio eradication
campaigns of the mid-20th century were proof of the need for,
and public trust and faith in, vaccines. However, by the 1970s,
unquestioned acceptance of vaccination was changing in
Western Europe and Japan. With pertussis disease at low levels,
attention began to focus on the adverse events (truly related or
not) that sometimesfollow immunization. Consumer movements
guestioning the safety and efficacy of whole-cell pertussis
vaccine eventually led to diminished or discontinued use, and
resurgence of epidemic disease.

America swake-up call camein 1982 with theairing of the
controversial Emmy-winning program “ DTP: Vaccine Roul ette.”
Showing images of severely impaired children and suggesting
that serious reactions to diphtheria and tetanus toxoids and
whole-cell pertussis (DTP) vaccinewere asfrequent as1in 700
infants, the show (and its derivatives) generated great concern
among parents. Standard resources like the American Academy
of Pediatrics (AAP) Committee on Infectious Diseases Redbook
and Important Information Statements from the Centersfor
Disease Control and Prevention (CDC) wereill equipped to
answer the program’s allegations, inquiries having to do with
Japan’s use of asafer aternative (i.e., acellular pertussis
vaccine), or Stateimmunization laws. Other than the popul ar
“parenting manuals,” there waslittleinformation on vaccinesfor
parents. Consumer support groups began appearing in part to
fill thisinformation gap. Perspectivesonimmunization were
changing, and not just for the short term.
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Centersfor Disease Control and Prevention. (1978). Important
information statements on diphtheria, tetanus, and pertussis
vaccines.

Committee on Infectious Diseases. (1982). Report of the Commit-
tee on Infectious Diseases. American Academy of Pediatrics.

Freed, G L.,Katz, S.L., & Clark, S. J. (1996). Safety of vaccina-
tions: MissAmerica, the mediaand public health. Journal of the
American Medical Association, 276, 1869-1872.

Gangarosa, E. J., Galezka, A. M., Wolfe, C. R., et al. (1998). Impact
of anti-vaccine movements on pertussis control: The untold
story. Lancet, 351, 356-361.

Plotkin, S. L., & Plotkin, S. A. (1999). A short history of vaccina
tion.InS. A. Plotkin & W. A. Orenstein (Eds.), Vaccines (3rd ed.,
pp. 1-12). Philadelphia: W. B. Saunders Co.

Thompson, L., & Nudll, D. (1982). DTP: Vaccineroulette[video
recording]. Washington, DC: WRC-TV (NBC).

SHIFT IN VACCINE Risk-BENEFIT
PERCEPTION

After the introduction of acellular pertussis vaccinein Japan,
Europe, and more recently the United States, controversy over
the use of DTP vaccine waned. Its genesis, however, isrelevant
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for present-day vaccine safety concerns. The success of
vaccination has produced generations of parents, and physi-
cians, with little or no first-hand experience of vaccine-prevent-
able disease. With benefits apparently assured, adverse events
following immuni zation—particularly of unknown cause—attract
increased attention from cautious parents. It is only natural to
concludethat events closely following immunization are
causally related, whether or not they are. Temporal associationis
especially compelling when alternative explanations are lacking
and parents are told the condition is idiopathic. Those who turn
to science for help or reassurance often find a disturbing lack of
data. Even when thereis scientific evidence, disagreement by
experts over its meaning can confuse those looking for answers.
Addressing all of this effectively requires an understanding of
how individual s assess and make decisions about vaccine risks,
including whom and what influences these decisions.

Sources

Evans, G, Bostrom, A., Johnston, R. B., Fisher, B. L., & Stoto, M.
A. (Eds.). (1997). Risk communication and vaccination:
Workshop summary. Washington, DC: National Academy Press.

Howson, C. P, Howe, C. J., & Fineberg, H. V. (Eds.). (1991).
Adver se effects of pertussis and rubella vaccines. Institute of
Medicine. Washington, DC: National Academy Press.

EXTERNAL FACTORSAFFECTING
VAccINE Risk COMMUNICATION

Parental decisions about vaccination areinfluenced by external
factors(i.e., medical, sociopolitical) aswell as personal factors.
Theincreasing popularity of alternative health options affects
vaccine decisions. In one survey, parents cited homeopathy and
its benefits of natural immunity asthe most common reason for
immunization refusal, although at least one group of homeo-
pathic practitioners denies it is “ anti-vaccination.” Inconsistent
viewpoints on immunization are also reflected in asurvey of
chiropractors that found a third agreeing with the statement that
there is no scientific proof that immunization prevents disease.

Vaccine decisionsinvolve ethical considerations aswell.
Because the decision not to vaccinate increases the risk to the
community aswell asthe individual, the duty of society to
protect healthy (and susceptible) children may conflict with the
right of familiesto make health decisionsfor their children. The
presence of State immunization lawsfor school (and daycare)
entry hasled to a polarized debate on individual rights and civil
liberties. Few issues have raised as much controversy. In 1999,
consumer effortsin 15 Statesled to draft legislation to either
rescind mandates or provide exemptions based on philosophical
grounds. Compul sory immunization al so complicatesrisk
communication since messages regarding mandated vaccination
may be perceived differently from those about voluntary
vaccination. Information needed for informed decisionmaking

takes on greater urgency when decisions are involuntary,
causing consumers to question the adequacy of vaccine
adverse event reporting and long-term studies of vaccine saf ety
and efficacy. Moreover, immunization mandates areinconsistent
with the voluntary decisionmaking, an inherent principle of
informed consent.

Beyond individual autonomy and informed consent istrust, a
key determinant in risk decisions. Health communicationisonly
effective when its recipients view the source as credible and
impartial, whichin part explainswhy conflict of interest inquiries
have become so common. If thereis even aperception of a
conflict of interest, messages can leave peopl e suspicious or
confused and lead some to turn to less authoritative sources.
Thetrust placed in authority derives from the perception that
the authority shares public values. One way of achieving thisis
toinvolvethe publicin policy formulation. Trust may be lost
when decisions are made behind closed doors and unexpected
harm results. Recent examplesinclude the French Government’s
handling of possible humanimmunodeficiency virus (HIV)
contamination of the blood supply, and the experience of bovine
spongiform encephal opathy (BSE) contamination of meat inthe
United Kingdom, both of which resulted in deaths after the
public was reassured about potential risk.

Dialogue and decisionmaking partnerships can bridge gaps and
forge better understanding. Nothing is assured, however, by
being informative or inclusive. Asa 1989 hallmark National
Research Council report points out, informing the public may
not reduce conflict at all, but actually sharpenit. Yet, aswas
stated in an Institute of Medicine (IOM) workshop on risk
communication, “[P]oliticsisabout decision making inthe
absence of completeinformation,” whichis nearly alwaysthe
case with technological hazards. Only by understanding how
people view certain risks and what is acceptable can efforts to
promote behavioral outcomes be successful. Public discussions
on smallpox vaccine policy that took placein 2002 are one
example of participatory decisionmaking.

Sources

Altman, L. K. (2002, June 6). Preventive smallpox vaccinations
urged for health workers. New York Times. http://
www.nytimes.com/2002/06/07/hedth/O7SMAL .html.

Colley, F.,, & Haas, M. (1994). Attitudes onimmunization: A
survey of American chiropractors. Journal of Manipulative and
Physiological Therapeutics, 17, 584-590.

Evans, G, Bostrom, A., Johnston, R. B., Fisher, B. L., & Stoto, M.
A. (Eds.). (1997). Risk communication and vaccination:
Workshop summary. Washington, DC: National Academy Press.

Feudtner, C., & Marcuse, E. K. (2001). Ethicsand immunization
policy: Promoting dialogue to sustain consensus. Pediatrics,
107(5), 1158-1164.
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Fisher, P. (1990). Enough nonsence on immunization. British
Medical Journal, 79, 198-200.

National Research Council. (1989). Improving risk communica-
tion. Washington, DC: National Academy Press.

Simpson, N., Lenton, S., & Randall, R. (1995). Parental refusal to
have children immunised: Extent and reasons. British Medical
Journal, 310, 227.

PERSONAL FACTORSAFFECTING
VAccINE Risk COMMUNICATION

No matter how well intentioned or well designed arisk message
may be, individual risk perception and decisionmaking haveto
be taken into account if the communication isto be effective.
Individuals tend to use heuristics, or shortcuts, in thinking
about otherwise complex issues of risk. Among those related to
immuni zation are bandwagoning, which isthe tendency for
parentsto vaccinate if “everyone elseisdoingit” without fully
evaluating the options themselves; altruism, when individuals
arewilling to accept personal risk if society asawholewill
benefit (i.e., herdimmunity); and lesscommonly, freeloading
logic, which relies on high vaccination rates and herd immunity
to protect an unvaccinated child. Vaccine decisions also can be
influenced by cognitive biases. Omission bias, or the perception
that actions are riskier than inactions, operates on the premise
that vaccination, because it involvestaking an action, isriskier
than disease, even if the expected mortality and morbidity rates
arelower with the vaccine.

Social and cognitive factors also influence consumers’ and
providers vaccinerisk perceptionsand decisionmaking.
Individuals perceiverisk based on their experiences, attitudes,
education, beliefs, values, and culture aswell as the nature of
the risk. Some risks are more acceptabl e to parents than others.
For example, risksthat are voluntary and controllable tend to be
more acceptable than involuntary risks, an issue that comes into
play with mandatory immunization. Risks may be perceived
differently depending on how they are framed, as people tend to
avoid sure losses, but prefer certain benefits to equivalent
uncertain benefits. It follows that parents who view vaccines as
risky may choose to vaccinate only when they perceive a high
threat of disease. Others who view vaccines as generally safe
may be more likely to vaccinate in response to messages
emphasizing the benefits of immunization rather than the risks of
disease.

Whilethereisafairly limited (but growing) body of empirical
evidence on vaccine risk perceptions and the demand for risk
communication, the available data show that parents generally
want to have relevant and practical information on vaccine risks,
including mention of rare, serious risksthat may occur. They
have basic questions—and sometimes serious concerns—about
side effects, such as what to expect, when to expect it, how

severeit will be, what to do (if anything), and when to call the
doctor.

Sources

Asch,D.A., Baron, J., Hershey, J. C., et a. (1994). Omission bias
and pertussis vaccination. Medical Decision Making, 14, 118-
123

Bal,L.K., Evans, G, & Bostrom, A. (1998). Risky business:
Challengesin vaccinerisk communication. Pediatrics, 101(3),
453-458.

Davis, T. C., Fredrickson, D. D.,Arnold, C. L., eta. (2001).
Childhood vaccinerisk/benefit communication in private
practice office settings: A national survey. Pediatrics, 107(2).

Fischhoff, B., Bostrom, A., & Quadrel, M. J. (1993). Risk percep-
tion and communication. Annual Review of Public Health, 14,
183-203.

Fitzgerald, T. M., & Glotzer, D. E. (1995). Vaccineinformation
pamphlets. More information than parents want? Pediatrics,
95(3), 331-334.

Gellen, B. G, Maibach, E.W., & Marcusg, E. K. (2000). Do
parents understand immunizations? A national telephone survey.
Pediatrics, 106(5), 1097-1102.

Slovic, P. (1987). Perceptions of risk. Science, 236, 280-285.

Tversky, A., & Kahneman, D. (1981). Theframing of decisions
and the psychology of choice. Science, 211, 453- 458.

THE RoLE oF CONSUMERS

Consumers, in an advocacy or watchdog role, have significantly
influenced immunization policy. Working with the mediaand
policymakers, consumer groups successfully pursued a number
of safety initiativesin the early 1980s, including: 1) Expanded
research on vaccine adverse events, 2) a national adverse event
surveillance system, 3) dedicated parent information materials,
and 4) a safer alternative to the whole-cell pertussis vaccine.
Starting with enactment of the National Childhood Vaccine
Injury Act of 1986 (NCVIA), each affected theform and content
of vaccinerisk communication, and all werein place by themid-
1990s. Changing from thelive oral poliovirus (OPV) vaccineto
the“safer” inactivated poliovirus (IPV) vaccine product was
also related to efforts by a polio consumer group opposed to
further use of OPV.

Against this backdrop of activism are repeated surveys showing
that the vast majority of parents believein immunization and
follow State mandates and their physician’s recommendations.
Yet, concerns about vaccine safety have grown over time,
increasing attention on vaccine risk communication.
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The popularization of the Internet has brought the reality of
mass communi cation to peopl €’ s fingerti ps through using email,
browsing the World Wide Web, participating in LISTSERV
discussion groups, or posting to Web pages or Internet chat
rooms or bulletin boards. Recent surveys show that two-thirds
of Americans are now online, and of the 80 percent who use it
for decisions on health, just more than half find the information
credible. Thereisvirtually nolimit to theinformation (and
misinformation) that is easily accessible to laypersons and
professionals.

A first-time parent entering the word “vaccine” on a standard
Internet search engine (e.g., Google, Yahoo, Excite) will find an
overwhelming number of linksto Web sites, many of which are
hosted by consumer groups. The Web sites belonging to
consumer groups or individual s provide awide variety of
information. A few offer linksto peer-reviewed journals, govern-
ment Web sites, and pro-vaccine institutions. These Web sites
also may present anecdotal information and misconceptions
about vaccines or vaccination. These range from the linkage of
vaccines to specific idiopathic illnesses [e.g., sudden infant
death syndrome (SIDS), diabetes], to the value of aternative
medicine, the dangers of immunization-related immune overload,
and allegations of collusion between government and industry
with profit motives asthe basis for decisions on immunization
policy and the withholding of vaccine safety information.
Adding to the potential confusion is the lack of consistency
across such Web sites, which leaves readers who do not have
access to scientific method and peer review with no clear means
of vaccine benefit-risk assessment or validation.

In the mid-nineties, public health officials became concerned
about their relative absence on the increasingly active Internet,
where the available vaccine information was dominated by
consumer groups. Concerted efforts to maintain abalance
contributed to increased and improved government and private
vaccine-related Web sites. The Web sites of Federal health
agencies and allied nongovernmental organizations usually
contain peer-reviewed information on current safety issues,
policy statements, vaccine use recommendations, and links to
complementary Web sites. Their readersare generally |eft with
the impression that the benefits of vaccination outweigh the
risks.
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THE RoLE oF HEALTHCARE PROVIDERS

Despite the advent of the Internet, individual providers still
determine, to agreat extent, whether achild isimmunized. A large
majority of parents continue to trust and rely on their physicians
for vaccine communication and decisions. Parents desire verbal
input by their primary providers as amatter of trust and respect.
However, arecent national study found that physicians rarely
initiate discussion of vaccine risks and benefits, leaving it to
office nurses or support staff; 40 percent of physicians do not
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discuss vaccinerisks at all. This raises the question of who is
informing parental consent since physicians have the responsi-
bility of ensuring that patients are adequately informed about
risks and benefits prior to any medical intervention.

Healthcare providers report the greatest barriersto effective risk
communication arethelack of time, given the significant number
of anticipatory guidance issues to be covered on most well-baby
visits, and the increasing financial pressures of office practice.
This situation is aggravated by inadequate reimbursement for
immunization services, and the fact that patient education is not
viewed ashillabletime. Generally, providersthink they know
what parents need to know, and communicate thisinformation,
except that half the time they do not review contraindications to
vaccination. About a quarter of physicians who do not routinely
discuss vaccine risks and benefits fedl that were they to do so,
parents might be alarmed or even refuseimmunization. For
others, the reluctance may be due to insufficient knowledge of
current vaccine issues and practice or inadequate insight into
how to deal with the concerns of a parent who questions or
even refusesimmunization.

Further, physicians' beliefs—including misconceptions—about
vaccinerisks and efficacy and their interactions with parents
influencetheir behavior. Some physiciansbelieve that multiple
injections should be avoided due to potential psychological and
physical trauma, choose not to administer live-virus vaccines to
children with minor acuteillnessand low-grade fever, or are
unaware of or ill informed about liability protections under the
National Vaccine Injury Compensation Program (VICP).
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THE RoLE oF THE MEDIA

Themediahas greatly influenced vaccine risk communication
over the past two decades. Following “ DTP: Vaccine Roul ette,”
continued stories about DTP vaccine safety in the electronic
and print medialikely contributed to avaccineliability crisisby
1984, with shortages and pricing instability remedied only by
passage of NCVIA.

Thelatter half of the 1990s brought more and more complex
media focus on vaccine safety issues, judging by callsto CDC's
National Immunization Hotline through 2000. Somewere
generated by research published in the United States (rotavirus
vaccine and intussusception) and the United Kingdom (measles
vaccine, inflammatory bowel disease, and autism); others by
government-related vaccine safety activities (Thimerosal in
Vaccines: A Joint Satement of the American Academy of
Pediatrics and the U.S Public Health Service), or in the case of
hepatitis B vaccine, achange inimmunization policy by the
French Government. Despite being featured on national or cable
news magazine programsor in prominent storiesin major
magazines (Time, Consumer Reports) and newspapers (USA
Today), followup mediainterest appeared limited. In contrast, a
search on “vaccing” and “risk” inthe New York Times archives
from 1996 through mid-July 2002 produced more than 300
articles.

Questions of mediaresponsihility usually follow major stories
on healthrisk. All parties are rarely satisfied. While the vast
majority of vaccine stories mention benefits, when something
happens, the downsides are emphasized. Reporting vaccine risk
isespecially challenging given that images overwhelm words
and that the relevant scientific concepts are hard to simplify.
Providing viewpoints on both sides of an emerging vaccine
issueisimperative; investigating the credibility of sources
should be aswell. At the sametime, evenly balanced stories may
leave readers confused as to what to believe. Media experts say
that one problem is the use of the word “safe” by those wishing
to reassure the public. This may actually be doing the opposite
since no medicine or biologic is completely safe. They suggest
the alternatives “relatively safe” or “as safe as possible,” which
warrant empirical testing. Risk communicators emphasizethe
need to be frank about all risks and uncertainties, including data
gaps and areas of significant disagreement among experts. To
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not do so imperilsthetrust and credibility of future communica-
tion efforts. To do so leaves the challenge of how to convey the
relative magnitudes of competing risks understandably and not
magnify small uncertaintieswhere thereis significant consen-
sus.

The advent of the Internet has also transformed the ability of
organized mediato communicate, providing new forms of access
to print and audiovisual material. It remainsto be seen how
Internet usewill ultimately affect or incorporate other media.
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THE RoLE oF GOVERNMENT

NCVIA not only brought the Federal Government into amore
prominent vaccine safety and risk communicationrole, it greatly
enhanced information on vaccine risks and benefits. Key
provisions included creation of the Vaccine Adverse Event
Reporting System (VAERS), which began operationin 1990 asa
national passive surveillance system for the reporting of adverse
eventsfollowing immunization; acall for IOM studies of adverse
events from childhood vaccines, published in 1991 and 1994;

and the devel opment of vaccineinformation materials, currently
known asVaccine Information Statements (V1Ss).

Two major programs, VI1CPand the National VVaccine Program,
were created by NCVIA. VICPisano-fault system to compen-
sate families of children, or individuals, thought to be injured
from childhood vaccines. Itsvery existenceimpliesrisk, espe-
cially when the numbers of families (or individual s) compensated
(morethan 1,500) and overall awards (morethan $1 billion) are
reported in the media or on the Internet. At the sametime, VICP
staff and outside medical consultant analysis of medical records
submitted with claims has led to a better understanding of the
very limited role vaccines play in chronic illnesses thought to be
vaccinerelated. The Advisory Commission on Childhood
Vaccines (ACCV), which is composed of parents, physicians,
and attorneysin equal numbers, oversees operation of VICP.

The Nationa Vaccine Program Office (NVPO) coordinates and
integratesall Federal agency activitiesrelated to immunization
(Table 2). Working with its advisory body, the National Vaccine
Advisory Committee (NVAC), and through specia needs
funding, NV PO has sponsored a number of projects and
workshopsrelating to communi cation. One noteworthy example
was apublic workshop in October 2000 to identify more effective
approaches to vaccine risk communication.

Each Federal agency contributes to communication efforts. On
its Web site, the Food and Drug Administration (FDA) through
the Centersfor Biologics Evaluation and Research (CBER)
provides information for health professionals and consumers on
regulatory activities that ensure the safety and efficacy of
vaccines. FDA also shares management of VAERSwith CDC and
provides reporting forms and research results online and
accepts VAERS reportsonline.

The National Institute of Allergy and Infectious Diseases

(NIAID) isthe major source of support for vaccine research. In
addition to the Jordan Report, a brochure on vaccine devel op-
ment process and testing, called Understanding Vaccines, and
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the Task Force Report on Safer Childhood Vaccines can be
accessed at the NIAID Web site. Among the latter’s major
recommendationsis ablueprint for educating the public and
health professionals on vaccine benefit and risk.

CDC'’simmuni zation efforts are through the National |mmuniza-
tion Program (NIP) and the National Center for Infectious
Disease (NCID). Thelatter isresponsiblefor laboratory and
clinical research on vaccines. NIP coordinates and promotes
immuni zati on activities nationwide and monitors vaccine safety
and efficacy. Through written materials, videotapes, the National
Immuni zation Hotline, and aWeb site, NI P providesinformation
on vaccine benefit and risk to healthcare providers, the genera
public, and the media. CDC through NIPisalso responsiblefor
developing and updating V1Ss using a process of public
comment (including review by ACCV).

VISs are 1-page, 2-sided sheets written at the fifth- to seventh-
grade level designed to facilitate, not replace, provider-patient
communication. Providersare required to distribute them each
time avaccine covered by VICP is administered. Studies show
VISreading level istoo high for some and overly simplistic and
incompletefor others. Compliance with the distribution require-
ments has been questionable, with one self-reporting survey
showing that about athird of physicians do not have VISsin
their offices, and a somewhat greater percentage do not give out
aVISat every visit.
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THE RoLE oF NONGOVERNMENTAL
ORGANIZATIONS

Professional associations, academic institutions, and consumer
group