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A Perspective on AIDS Vaccines 
Barry R. Bloom 

A t  the 11th International Conference on 
AIDS. a formal debate is scheduled on the 
question of whether "more fundamental re- 
search on vaccine development is required 
prior to the implementation of phase I11 
trials of certain HIV vaccines." After more 
than a decade of research without a single " 
HIV vaccine deemed worthy of large-scale 
efficacy trials, it may be usef~~l to reconsider 
some general questions about AIDS vac- 
cines that are commonly, or unco~n~nonly, 
asked (1-3). 

Is a vaccine against AIDS really need- 
ed? This question is appropriate in light of 
the dramatic reductions in viral burden and 
increased survival recently achieved with 
multiple drug therapy (and the probability 
of new therap,e~ttics). Clearly, childhood 
vaccines areamong the most cost-effective 
medical interventions to orevent death and 
disease (4). Assunling the hest cases for 
therapeutic efficacy and lack of drug resis- 
tance, the inhibitors of reverse transcriptase 
and protease will remain cheinically com- 
plex and enormously expensive (5). The 
90% of people infected with HIV who live 
in the developing world, and many in in- 
dustrialized countries, will not have access 
to them. The hest long-term hope for pre- 
ventine AIDS in the United States and - 
globally must be an effective vaccine. 

Why is it so difficult to develop AIDS 
vaccines? As part of the National Institutes 
of Health (NIH) Office of AIDS Research 
(OAR) review of NIH AIDS programs, I 
met with graduate students and postdocs to 
discuss barriers in attracting the brightest 
young scientists into AIDS research. It was 
my impression that research on AIDS was 
considered more applied than hasic, and that 
research on vaccines was not thought to be 
particularly intellect~~ally challenging. My 
own perception is that AIDS vaccines rep- 
resent the most formidable vaccine chal- 
lenge of anv infectious disease. In most nat- 
urar viral infections, illness occurs, an im- 
mime response develops, and if the illness is 
not acutely fatal, recovery ensues. In AIDS, 
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most patients develop antibodies and even 
killer T cells against the virus, yet they fail to 
clear the virus and inexorably succumb to 
AIDS. The challenge is how to achieve 
something that nature has not succeeded in 
doing. The hurdles are daunting: (i) HIV 
infection  laces the immune svstem in dou- 
hle jeopa;dy, from the virus and from im- 
mune attack. (ii) There are multiple genetic 
types or clades of the virus, and with the 
high mutation rates of RNA viruses, there 
are even more antigenic subtypes and vari- 
ants against which to engender protection. 
(iii) A vaccine may have to protect not only 
against transmission of free virus hut also 

D 

against virus-infected cells that can transmit 
infection, an immunological task compara- 
ble to selective rejection of tumor cells. (iv) 
Animal models of HIV that are faithful to 
the hulnan disease are lacking, and experi- 
ments with different models often yield con- 
flicting findings. (v) The possibility of gen- 
erating inappropriate immune responses that 
might enhance infection or cause pathology 
cannot be ignored. (vi) Any population in 
which a vaccine might be tested for efficacy 
must ethically be provided with the best 
counseling on preventing transmission and 
reducing high-risk behavior, and such coun- 
seling is likely to cotnpromise the statistical 
power of any trial. 

Is there hope for an effective vaccine? 
Long-term survivors of HIV infection who 
have controlled the virus for more than a 
decade (6) and high-exposure, uninfected 
sex workers who show no detectable virus 
or disease but have HIV-specific immune 
responses (7) have been identified. Encour- 
aging data indicate that individuals infected 
with HIV-2 have some cross-protection 
against HIV-1 infection (8). A small num- 
ber of children infected at birth with HIV 
appear to clear their virus (9). Understand- 
ing the mechanisms that contribute to the 
well-being of these individuals could Dro- " 

vide valuable ~nsights relevant to vaccines. 
Although the diseases may differ, effective 
vaccines against the feline leukemia virus, a - 
related retrovirus, have been available for 
years (10). Finally, long-term protection 
has been achieved in macaques with live, 

genetically attenuated simian immunodefi- 
ciency virus (SIV) strains (1 1). 

How eood must an AIDS vaccine be? - 
We commonly think of vaccines as pre- 
venting infection and producing "steriliz- 
ing" immunity. In fact, relatively few vac- 
cines prevent infection of host cells. Rath- 
er, they confer protection by reducing the 
initial burden of pathogen, by accelerating 
clearance of the infection, or hy preventing 
recurrence. seouelae. and transmission. In 

, I  

the context of a fatal disease that is devas- 
tating a major proportion of young people 
in many countries, even a partially protec- 
tive AIDS vaccine-20 to 40% as effective 
as measles or  olio vaccines-would save 
and extend millions of lives and would re- 
duce secondary transmission to offspring 
and contacts. Public health use of a vaccine 
will be decided not only by its efficacy, but 
also hy the magnitude and urgency of the 
problem in different countries. 

What do we have to know to develop an 
effective vaccine? Historicallv. successfi~l , , 
vaccines were created with little under- 
standing of the molecular basis of pathoge- 
nicity. Pickled proteins, viruses and bacte- 
ria, or spontaneously arising attenuated 
strains worked in the Dast. Em~irical trial 
and error is indeed crucial in the develop- 
ment of vaccines hut can no longer he the 
paradigm. For AIDS vaccines, there is a 
clear need to better understand the mech- 
anisms of pathogenesis and protection. 

In a rational world, to design an effective 
vaccine one would like to know: (i) What 
are the necessarv and sufficient immune 
responses required for protection? (ii) What 
are the antigens or immune targets to which 
they are directed? (iii) What is the best way 
to deliver the appropriate antigens to en- 
gender the protective immune responses? In 
the real world, that's not how it usually 
works. More likely, an antigen is identified, 
then patented and licensed, and the devel- 
oper tries to show that it will produce some 
immune resDonses in some animal models. 
If any responses are seen in animals and 
then in a limited number of humans, the 
plea is inevitably made that the antigen 
might protect against the disease if only the 
federal government would run a large effi- 
cacy trial. 

I would argue that two issues have been 
confounded: questions of fundamental 
knowledge and questions of vaccine effica- 
cy. The question of what immune responses 
are essential.for protection against HIV is 
fundamental. It is similar to, but distinct 
from, the practically important question of 
what the "correlates" of protection are- 
that is. what tests can he measured in a test 
tuhe that correlate with protection. Re- 
sponses may correlate hut may not be nec- 
essary for protection. Experiments that can 
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test scientific hypotheses clearly could be 
very informative, particularly if they refute 
these hypotheses and reveal what will not 
be useful for vaccines. Are antibodies nec- 
essary or sufficient for protection? If so, 
must they "neutralize" primary patient iso- 
lates of virus, activate killer cells, or do 
something else? Passive transfer of purified 
or monoclonal HIV antibodies to pregnant 
women. to learn whether antibodies can 
protect against katernal transmission of 
HIV to fetuses (the highest risk group for 
AIDS transmission), does not represent a 
vaccine, hut such experiments could indi- 
cate whether certain types of antibodies 
alone can be protective. Are T cells essen- 
tial, and if so, what kind+ytotoxic T cells, 
lymphokine- or chemokine-producing cells, 
or memory T cells? Why are macaques that 
receive attenuated SIV vaccines protected 
only after 10 to 20 weeks, even though they 
make killer T cells and antibodies soon after 
immunization? Is a concerted immune re- 
sponse involving multiple immune mecha- 
nisms necessary for protection? 

How can the fundamental knowledge 
needed be acquired? Much depends on 
models and assays that, for HIV, are very 
imperfect. For example, chimpanzees but 
not macaques can be infected with HIV-1. 
However, infected chimpanzees generally 
do not get AIDS, but only chronic infec- 
tion. Macaques infected with SIV develop a 
fatal AIDS-like disease in 1 to 2 years, but 
how readily these results can be extrapolat- 
ed to the 8- to 10-year course of HIV in- 
fection in humans remains unclear. Clearly, 
a strain of HIV that causes disease in ma- 
caques or even chimpanzees would be valu- 
able for study, and hybrid viruses (SHIV) 
have been created to learn what genes are 
necessary to overcome the species barriers 
to pathogenesis. The recent finding that 
fusin can facilitate entry of HIV into cells 
expressing CD4 (12) could lead to trans- 
genic animal models, which would allow 
protection against HIV infection to he stud- 
ied simply in immunologically well-defined 
hosts. Research materials from these immu- 
nized and infected primates must he made 
accessible to a wider group of scientists. If 
we are to gain the most knowledge from 
these models, the time is right to use more 
standardized challenge strains and proto- 
cols, so that work from different labs can he 
compared. 

The other critically necessary approach 
is detailed immunoloeical studies in hu- - 
mans, particularly the long-term survivors 
and high-exposure, HIV-negative individ- 
uals as well as the recipients of new vac- 
cines in phase I1 trials. Particularly infor- 
mative will be "breakthrou~hs"-vaccine - 
recipients who become infected. This sug- 
gests that phase I1 trials of promising can- 

didates should he expanded to provide 
more informatlon. Invaluable clinical ma- 
terial from vaccinees must be made avail- 
able to a wider group of researchers, who 
ideally should participate intellectually, 
not just take samples and run. The ethical 
standard in clinical trials where human 
beings are at risk, after doing everything to 
ensure the safety and confidentiality of 
the participants, should be to gain defini- 
tive scientific knowledge. The great need 
in phase I1 trials is for the freedom to fail. 
Are we reluctant to ask clear reductionist 
questions because negative results may be 
seen as vaccine "failures" and discouraging 
to research or investment? The only truly 
failed trial is one that fails to produce an 
interpretable result. 

When is a large-scale efficacy trial jus- 
tified? Human clinical trials come in three 
stages. Phase I studies, which involve small 
numbers of people, assess the safety and tol- 
erance of escalating doses of vaccine and 
provide some information regarding immu- 
nogenicity; phase I1 trials are formally ex- 
panded safety trials that include individuals 
at risk and seek to determine the ability of 
the vaccine to induce biological end points 
(generally, immunological correlates of pro- 
tection); and phase 111 trials are large-scale 
efficacy and safety trials in individuals at 
risk, in which the number of people required 
is determined bv the annual risk of infection 
or disease, the estimated efficacy of the vac- 
cine, and the duration of the trial (and thus 
the numbers of people likely to drop out). In 
the United States, the highest rates of infec- 
tion are about 2% for several high-risk " 
groups; thus, phase 111 trials will require 
manv thousands of high-risk individuals. 

All vaccine trials require enormous care 
and concern for the safety and protection of 
the participants, and the larger a trial, the 
more expensive. Currently, more than 20 
products are in phase I prevention trials, 
and one or two are in phase I1 trials (2). 
There are at present no phase 111 trials in 
the United States. hecause no vaccine has 
yet appeared to be sufficiently promising 
(13). Given the limitations of animal mod- 
els, there is no way that knowledge about 
mechanisms required for human protection 
can be acquired other than in human vac- 
cine trials with intense immunological 
analysis of the volunteers, hut much of that 
can be done in stepwise expanded phase I1 
trials. The question of when the use of large 
cohorts of people and public expenditures 
in efficacy trials is justified is one that I 
believe must he answered, in part, on the 
basis of the hest scientific data and judg- 
ments about the likelihood of success. 

Vaccine manufacturers have argued, not 
without justification, that there are no cri- 
teria to tell them when their products, rep- 

- 
resenting large investments, will be eligible 
for ohase 111 efficacv trials. Although some 
diffirences in criteria clearly must List  be- 
tween a live attenuated vaccine-poten- 
tiallv able to revert to virulence-and a 
subunit protein vaccine, there could be gen- 
eral criteria that set a high but reasonable 
standard for public expenditure on phase 111 
trials (14). When the criteria are set by 
industry lobbyists and Congress, as in one 
recent dismal case (15), misallocation of 
scarce public resources results. Without cri- 
teria, there is no way to assure that stan- 
dards will not be changed when a company 
threatens to withdraw its candidate vac- 
cine. Equally important is the need for a 
credible and fair process, with participa- 
tion of the scientific communitv and in- 
dustry, both to develop acceptabie criteria 
and to recommend the most promising 
vaccines for efficacy trials. In that process, 
major consideration should be given to 
maximizing the probability that some ef- 
ficacy will be achieved, even if it means 
combining different vaccines from differ- - 
ent companies (1 6). 

Where can AIDS vaccines be tested? In 
the United States. there are six AIDS Vac- 
cine Evaluation units that can carry out 
in-depth immunological analysis on small 
numbers of phase I and I1 trials, as well as a 
few well-organized high-risk cohorts in 
which one or two ~ h a s e  111 trials could be 
carried out. For multiple efficacy trials, 
AIDS vaccines will have to be tested in 
high-incidence populations, and this will 
require international collaborations and 
testing in developing countries (1 7). In any 
trial, there is an ethical responsibility to 
ensure access to effective vaccines that are 
affordable to the trial populations. For effi- 
cacy trials to have the best chance of suc- 
cess, it is desirable that vaccines derived 
from strains prevalent in a given country be 
tested, not just those most common in the 
United States. The knowledge gained will 
be dependent on investments in training, 
cohort develo~ment, and infrastructures. It 
is expensive (i8), ye; some of those cohorts, 
in the absence of vaccines to test. are now 
providing valuable knowledge ahout disease 
risks and prevention, and the international 
collaborations will ultimately provide the 
greatest value-for-money in carrying out ef- 
ficacy trials.. 

What can be done lacking interest from 
the vaccine industry? Investments in vac- 
cine development have declined, largely 
because of two major disincentives. For 
complex vaccines containing more than 
the envelope protein, which will render 
the recipients seropositive, and for new 
vaccine approaches such as naked DNA 
and live attenuated strains ( 1  9), there are 
major liability issues that have to he clar- 
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ified. Because the major beneficiaries of 
vaccines would be people in developing 
countries, assuring markets and returns on 
long-term investments is also ~roblematic .  " 

If there were more promising candidates, 
there would be greater interest. The cur- 
rent need is not  for public-sector produc- 
tion of vaccines that neither industry nor 
the scientific community believe are likely 
to be effective; it is for public investment 
in research on understanding pathogenesis 
and developing better candidates, better 
correlates, and better cohorts for clinical 
trials. Further, unless we are prepared to 
accept vaccines to protect only the rich, 
global efforts to develop incentives for 
industry to produce AIDS vaccines-such 
as tax credits, patent extensions, assured 
markets, international loan guarantees, 
and harmonization of regulatory stan- 
dards-must be initiated now. 

What's in it for me? It's the wrong ques- 
tion! Variants: "How can a vaccine deci- 
sion enhance the standing of my country/ 
my institutelmy company/my careerlor, just 
me!" The most poignant iteration: Some 
young HIV-infected activists, concerned 
that vaccines will only help someone else, 
charge vaccine advocates with "writing 
them off'' or divertine attention from re- - 
search on treatment. Although therapeutic 
vaccines are not inconceivable, particularly 
if administered earlv after infection. thev , , 
will be more difficult to produce; perhaps 
they will have to be tailored to the host's 
HIV strain. 

What should we have learned? Vaccines 
remain the best long-term hope for the pre- 
vention of AIDS. The easy vaccines have 
alreadv been made: AIDS vaccines remesent 
a foriidable scientific challenge. ~b meet 
this challenge optimally, some changes in 
the culture of research would be salutarv. 
There is a disturbing lack of respect for ap- 
d ied  and clinical research in the biomedical 
community. Everyone accepts the crucial 
nqed for basic scientific knowledge and new 
ideas. but vaccines aren't develo~ed without 
innovative targeted research, and targeted 
research is currently targeted for low priority. 
Mechanisms for NIH funding and review 
ought to be reconsidered (20). Vaccine re- 
search currently receives less than 10% of 
AIDS research funding, the smallest budget 
allocation of all categories. The OAR review 
made two recommendations that I believe 
make good sense and should be implemented 
(21 ): (i) that AIDS vaccine research merits a 

greater share of AIDS funding; and (ii) that 
responsibility at NIH for AIDS vaccines 
be vested in the institute with the greatest 
expertise, the National Institute of Aller- 
gy and Infectious Diseases (NIAID), but 
that NIAID's decision processes be in- 
formed bv the best outside scientific ex- 
pertise and judgment available. 

A t  another level, we are privileged to 
have some remarkable leaders in the field of 
AIDS research in the United States and 
abroad. as well as in the AIDS communitv. 
yet coherent leadership is lacking. with&; 
greater coordination of the research of the 
different NIH institutes with that of the 
U.S. Centers for Disease Control and Pre- 
vention, the U.S. Armv, the foundations. , , 
the private sector, and other countries, the 
vaccine effort will remain fragmented. 
AIDS vaccines must also be seen in a global - 
context. Crucial knowledge will be depen- 
dent on international collaborations. Final- 
ly, in response to the question "When will 
we have an AIDS vaccine!" the most pru- 
dent answer may be, "An optimist is one 
who believes the future is uncertain" (22). 
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