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“Vaccines in Context: Prevention of HIV as a Metaphor” by Myron Cohen, M.D., J. Herbert Bate Professor of Medicine, Microbiology and Immunology, Chief of the Division of Infectious Diseases, and Director of the UNC Center for Infectious Diseases, The University of North Carolina at Chapel Hill. 

I. Introduction — Living in a Microbial World

· We are in a continual war with microbes, and they are evolving faster than we are. But in most cases the host’s defenses take care of the invaders.

· Most of the organisms that live on and in us are referred to as saprophytes, because our immune systems keep them in check. 
· People with compromised immune systems (including the very young, very old and those with immunodeficiencies) can develop opportunistic infections when saprophytic organisms become pathogenic (disease-causing).
· The degree of pathogenesis is defined by the word virulence — if it doesn’t make you sick, it’s avirulent, whereas a pathogen that makes someone very sick or kills them is very virulent. 
· Transmission of microbial agents can occur in several ways:

· Human to human — communicable diseases

· Animal to human — “jumps” species (like SARS)

· Insect to human — vector-borne diseases

· Environmental — nosocomial infections (like those acquired in a hospital)

· Emerging pathogens — how do they develop?

· New organisms occur because of:

1. Environmental disruption.

2. De novo mutations. 

3. Xenobiotic transmissions (e.g., an animal organ transplanted into a human may harbor an unknown agent) and nosocomial transmissions

4. Bioterrorism (e.g., weaponized anthrax).

· New genes allow saprophytes to become pathogens — both types of one species reside in/on an organism, and they have the ability to swap genes.

· Old pathogens re-emerge or acquire resistance to antimicrobial agents or vaccines.

· In the last 20 years a number of emerging pathogens have been detected, including HIV, hantavirus – a variant of Creutzfeld-Jacob disease (mad cow), West Nile virus, vancomycin-resistant Staphalococcus aureas, and now SARS.
· We have learned that we do not have a sufficient infrastructure to deal with these new pathogens.

· Emerging pathogens tend to be more virulent and highly communicable.
II. HIV — one of the “big three” infectious diseases on our planet (along with tuberculosis and malaria)

· Global statistics at the end of 2002: 42 million (M) people living with HIV/AIDS, 5 M newly infected in 2002 (about 14,000/day), 3.1 M deaths (fact sheets and downloadable graphics prepared each year for World AIDS Day in December are available at the UNAIDS site:  [http://www.unaids.org/worldaidsday/2002/press/graphics.html] and the WHO site (http://www.who.int/hiv/pub/epidemiology/epi2002/en/); epidemiological fact sheets by country http://www.who.int/emc-hiv/fact_sheets/All_countries.html
· The prevalence is still greatest in sub-Saharan Africa, where 70 percent of all people living with the disease (29.4 M) and those newly infected (3.5 M) reside. But it’s spreading to China, India and (to a lesser extent) Russia.

· If nothing changes in the next 10 years, we can expect to have 100 M cases of HIV on the planet; those living in the future will remember this epidemic like we recall the Black Death during the 8th century.

●
Routes of exposure to HIV and rates of infection
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Parenteral transmission


1. Transfusion of infected blood
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2. Needle sharing
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3. Needle stick





1 in 200


4. Needle stick followed by AZT treatment

1 in 10,000

Transmission from mother to infant


1. Without prophylactic AZT treatment

1 in 4


2. With AZT treatment



 Less than 1 in 10

●
One of the great breakthroughs was the discovery that AZT treatment can prevent transmission of HIV.

III. Epidemic Spread of Disease:  Ro = bDC     

· When Ro > 1, the epidemic continues; when Ro < 1, the epidemic implodes.

Ro = the number of susceptible individuals infected by an index case

b (beta) = efficiency of transmission (depends on the number of microbes and 

how contagious they are)

D = duration of infectiousness

C = number of persons (partners) exposed

To lower the spread of infection, the goal is to lower all three variables.

[see also  http://www.prn.org/prn_nb_cntnt/vol3/num4/article4_frm_set.htm ]

· For a virus like Ebola, D is measured in days, because the virus kills its host so quickly. This cannot sustain an epidemic for very long.

· Conversely, the duration of infectiousness for HIV is measured in years — a very efficient way to sustain an epidemic.

· In the case of HIV, C is a volitional number — people can choose to have sex or not. Currently, changing personal behaviors remains the best strategy we have for HIV prevention.

· For vaccine development, beta is an important variable. Vaccines aim to reduce the efficiency of transmission, and a perfect vaccine will block transmission completely. 

· Efficiency of transmission depends on the number of microbes a person is exposed to (more particles are more likely to infect you) and how well those microbes infect you. For example, the predominant strains of HIV in Africa are more contagious than the ones in the U.S.

· Susceptibility also plays a role — some people have more resistance to a disease than others. The three kinds of resistance are:

· Hereditary. For HIV, 1 out of 100 Caucasians have it, compared to 1 in 2,000 African-Americans.

· Innate. Circulating white blood cells that provide nonspecific immunity.

· Acquired. Specific immunity that occurs after exposure to an agent or by vaccination. If someone develops immunity after an infection, then a vaccine is theoretically possible. If there’s no immunity developed (like with gonorrhea), it’s very hard to create a vaccine. 

●
Prevention of HIV
· STD control, behavioral changes, condoms

1. Other STDs (sexually transmitted diseases) facilitate transmission of HIV because the “classical” STDs cause inflammation, which makes the mucosa more permeable. They increase susceptibility about 10-fold.

2. An STD amplifies the replication of HIV. In a study of Malawi men, the concentration of HIV in the presence of an STD was 15 times more than in the absence. 

· Vaccines — trials ongoing.

· Treatment of bacterial vaginosis. Women living in Africa have bacterial flora that makes them more susceptible to HIV.

· Topical microbicides — under study by the NIH. Theoretically a woman could carry a device to use before intercourse that would kill the virus.

· The diaphragm — cover the woman’s endocervix. Two ongoing trials in Africa, funded by the Gates Foundation.

· Male circumcision — greatly increases resistance to HIV. Two ongoing trials involve circumcision of adolescents.

· Antiviral therapy. In those infected with HIV, this lowers the viral load, which decreases the chances of infecting others. Also, it has been used prophylactically — treatment given to those who may have been exposed to HIV through risky sex or rape (like a morning-after pill).

· Societal changes. Fellatio is much more common among teenagers as a direct result of HIV. Or can we pay people not to have sex?

IV. HIV Vaccines

●
The good news

· HIV proteins are immunogenic

· Some success in animals

●
The bad news
· Since we still don’t know what immune response will prevent HIV infections in humans, it’s very difficult to produce a vaccine. 

· So far, vaccine-induced immunity in animals and humans has been short-lived.

· A vaccine that is less than 100 percent effective may worsen the epidemic because it may lure those vaccinated into a false sense of security. 

· An HIV vaccine could increase infections of other STDs, because diseases like gonorrhea and herpes seem to be so much less serious in comparison (whereas current safe-sex practices like condoms protect against the spread of other STDs as well as HIV).

· Even a less-than-perfect HIV vaccine could have a positive effect on the epidemic by inducing a type of “herd immunity.” A vaccinated person who becomes infected should still have some pre-existing immunity that modifies the course of the disease — the virus doesn’t reproduce as quickly and may never reach the same concentrations as in the unimmunized. Because of the lower viral load, the virus may not be passed along to other partners (by lowering the value b in Ro = bDC).

V. SARS

· The first cases of the disease were first noted by Chinese physicians on 11/16/02. They were diagnosed as atypical pneumonia. In February-March, as the disease spread to healthcare workers and others, the Chinese realized they were dealing with an epidemic.

· Researchers identified the pathogen extremely fast — 6 to 8 weeks (compare this to the years it took to identify HIV). It’s a novel coronavirus that probably jumped from an animal to man; and it appears to be transmissible, very pathogenic and highly virulent.

· There’s a broad case definition for the disease: fever, shortness of breath, and travel to areas where it’s known to exist or exposure to someone who had it.

· The mortality rate is high — probably 14 percent in healthy people, as much as 53 percent in people over 65.

· Right now we don’t know the efficiency of transmission, how it’s being transmitted, the duration of infectiousness, whether asymptomatic cases exist, whether it induces immunity (in the short- and long-term), and whether an existing drug can combat it. 

· The Chinese are trying to confer passive immunity to those with SARS by isolating antibodies from patients who have recovered and by giving the antisera to the sick ones. But we don’t know if it works.

VI. Summary — the war on pathogens

· Pathogens emerge faster than solutions.

· Research in infectious diseases must be global — the bugs do not respect borders.

· As the richest country in the world, the U.S. needs to continue its investment in disease control.

· In particular, we need to attack the problem in a comprehensive way, much as we did with the war on cancer in the 1960s and 1970s. We need to have an infrastructure in place so that we’re prepared for these crises as they occur. This is one of the recommendations of a new Institute of Medicine study, Microbial Threats to Health: Emergence, Detection, and Response http://www.nap.edu/books/030908864X/html/.
“The Scientific Challenges of Vaccine Development for the 21st Century” by Dr. Barton Haynes, Frederic M. Hanes Professor of Medicine and Director, Duke University Human Vaccine Institute, Duke University School of Medicine.

I. New technologies are transforming vaccine development

· Genomics: the study of genomes (the genetic material in the chromosomes of an organism), which includes genome mapping, gene sequencing and gene function. 

· In the case of vaccines, it’s the genome of the infectious agents as well as the host response genes in humans.

· The human genome initiative has provided valuable information that is being used to combat the AIDS and SARS epidemics.

· Proteomics: the study of the proteins produced by genes.

· Chip technology for DNA, RNA and proteins: Specific pieces of genetic material or proteins can be produced in the lab and placed on chips, then used to screen blood for specific antibodies, look for specific genes, proteins, etc. 

· Bioinformatics and large pathogen databases: These are absolutely essential because of the volume of information being generated from the study of genomes and proteomes of humans, animals and microbes.

Which components of host immune responses are particularly relevant to vaccine research?

· Correlates of protective immunity — what to look for in the vaccinated or the survivors of an infection that will indicate that a successful immune response to the pathogen has occurred. Example: Measure whether the person’s antibodies in a serum sample can neutralize or kill the pathogen in vitro, then go back and show that the person is infected. 

· Signaling pathways of the microbe and of the host cell that the microbe infects — what is the interaction between microbe and host, how that interaction results in the microbe becoming pathogenic, how the pathogen affects the host response, and whether it is a “good” or “bad” response. Example of a bad response: One theory about the host response to the SARS virus is that an aggressive immune response in the host results in a worse outcome for the patient.

· Host defense genes — the genes activated in response to an invader. With the data from the Human Genome Project and bioinformatics, we can begin to map those genes that determine success versus failure in fighting off infections. 

· Basic immunology of innate and adaptive immune system. The innate immune system involves the cells and antibodies that begin working within minutes to hours after contact with an infectious agent. It “keeps you alive” until the adaptive immune system learns to respond specifically to the infectious agent; this takes a week or two. Both systems continue to be studied intensively to determine which kinds of immune responses need to be induced with vaccines. This is an absolutely critical area of research and needs to be supported at a much higher level than it is now.

· Basic immunology of the mucosal immune system. Many microbes enter the body through one of our mucosal membranes, such as the lungs (SARS, tuberculosis, influenza) or genital tract (HIV, hepatitis). In addition, bioterrorism weapons are generally dispersed into the air to affect a large number of people. 

Currently vaccinologists are focusing on:

· The correlates of protective immunity. Previously many vaccines were produced without a thorough understanding of the host’s response to the pathogen. This approach has not worked with HIV, so researchers are now trying to determine exactly what responses need to be induced in order to design a vaccine that will overcome.

· Immunogen and adjuvant design. Adjuvants are substances that enhance the immune response to an immunogen. The goal is to find a combination of immunogen(s) from the microbe and adjuvant that will mimic the host response to the intact, living microbe.
· Using proteomics to find new vaccine targets. Vaccinologists can now examine all of the proteins a microbe produces (instead of the most obvious ones, like the surface proteins) to see which ones induce an immune response. With chip technology, it’s possible to screen each protein using antisera from those who have survived an infection.
· Working in teams — especially nontraditional teams of immunologists, molecular biologists, computational biologists and structural biologists combining their expertise.
· Creating safe and practical vaccines — always one of the most difficult aspects of vaccinology.
· Partnerships with industry — absolutely key to bringing a product to market.
II. The Quest for an AIDS Vaccine

· Background

· HIV probably “jumped” to man from chimpanzees as a mutation of the simian immunodeficiency virus (SIV), sometime in the 1930s-1940s and somewhere in the Congo.

· A number of subtypes (families) of HIV now exist, and different subtypes predominate in different regions of the world. For example, the B subtype is most common in North America and Australia. All subtypes can be found in central Africa, where the epidemic originated.  HIV is the fastest evolving life form known.

· HIV mutates in two ways. The first occurs when errors occur in the enzyme that replicates the genetic material of the virus. The second occurs when two subtypes combine and form what is known as circulating recombinant forms (CRFs).

· The enormous heterogeneity of HIV is one of the reasons that a vaccine still doesn’t exist after 20 years of work.

· Supercomputers, bioinformatics and large pathogen databases are transforming HIV vaccine development.

· The Los Alamos HIV Database lists more than 75,000 genetic sequences, representing all HIV variations in the world. 

· The Los Alamos Molecular Immunology Database also collects the information from investigators around the world with regard to the types of immune reactions that occur to numerous HIV subtypes and CRFs in various human subpopulations. This information, and analysis of it using supercomputers, is helping “design” immunogens that address the enormous diversity of HIV.

●
The goals of HIV vaccine development and their current status.

· Induce T cell “helper cell” responses. Helper cells are one type of lymphocyte that helps the other immune cells do their jobs. We can do this.

· Induce T cell “killer cell” responses. This type of lymphocyte also learns to recognize something foreign in the body (e.g., virus, bacteria, transplanted organ), then seeks it out and kills it. We can do this.

· Induce broadly reactive neutralizing antibodies. We can induce antibodies that kill one type of virus, but not ones that react with all of the various subtypes or CRFs.

· Induce long-lasting immune responses.  With any of the above immune responses, we haven’t yet been able to induce a sustained response.
· Formulate a vaccine in an easily administered and stable form for developing countries. We obviously don’t have this yet.
· The “consensus of consensuses” envelop approach to HIV vaccine development.

· The first step of HIV infection: the envelope protein of HIV (called gp120) binds to the CD4 receptor on the host cell.

· Researchers have found that, for binding to occur, certain segments of gp120 must be conserved. Other parts, called the variable regions, differ among the various subtypes and CRFs.

· By examining the 3-dimensional structure of gp120, researchers have also found that when the V3 is in one position (called open conformation), it is easy for the immune system to neutralize the virus. When it’s in the closed conformation, those viruses are very difficult to neutralize. These are the viruses that have prevented the development of a wholly successful vaccine.

· In an attempt to overcome the problem, the Los Alamos supercomputers have analyzed all of the sequences of all HIV subtypes from around the world. The result is “the consensus of the consensuses” — an artificial sequence that is as close as possible at every amino acid to all the other 70-80,000 sequences in the database.

· This sequence is being tested in animals for its ability to induce more broadly reactive neutralizing antibodies in animals (Science 296:2354, 2002).

Goals of HIV vaccine development — future goals
· Develop vaccines that induce long-lasting immunity.

· Prove that the level and breadth of the neutralizing antibodies to HIV “primary isolates” (viruses that come directly from the patient) is clinically sufficient to prevent disease.

· Collaborate globally — this is absolutely essential.

III. SARS Update

· Four weeks after the virus was identified, five full genomic sequences and four partial sequences were already posted on the Internet — in a virus with 23,000 pieces of genetic material. This was a remarkable feat and a marvelous response of the global scientific community to an emerging pathogen.

· Right now there are very few differences among the nine sequences — a snapshot of the beginning of an epidemic and an indication that the analyses are probably pretty accurate. For instance, the spike protein on the surface of the virus (which is analogous to HIV’s gp120) is composed of 1,255 amino acids. There are only 10 amino acids that differ in the 9 genomic sequences already available. 

· Computer analyses comparing SARS to other known viruses indicate that it is a fourth type of coronavirus. 

· Analyses of the genomic sequences also point to certain regions on the spike protein that are most likely to be recognized by antibodies.

· Strategies for development of a SARS vaccine: four possible approaches.

· Live attenuated SARS virus (analogous to the Sabin oral polio vaccine).

· Formalin-fixed killed virus (Salk polio vaccine).

· SARS proteins expressed in “replicating vectors,” such as adenovirus, vaccinia virus, or Venezuelan equine encephalitis (VEE) virus (see summary of Peter Young’s talk for more information on this approach).

· Soluble proteins or protein subunits.

· Good news/bad news
· Live attenuated vaccine, inactivated vaccine and recombinant S protein all protect against the coronavirus in mice (the mouse hepatitis virus).

· Live and inactivated vaccines protect against the bird coronavirus (which causes infectious bronchitis).

· Live attenuated, inactivated (killed) vaccine, and recombinant spike protein vaccine don’t protect against the cat coronavirus (which causes feline infectious peritonitis) — in fact, it sometimes enhances the infection.

· What is needed to begin developing a SARS vaccine?
· Assays of neutralizing antibodies.

· Assays of anti-SARS T cell activity (cellular immunity).

· An animal model of the disease (rhesus macaque is a good candidate).
· Cooperative groups organized to fight SARS 

· WHO Aetiology Laboratory Investigation Group — Germany, Netherlands, Canada, England, China, Hong Kong, Japan and France

· CDC Laboratory Partners Group 

· Coronavirus Partners Group — researchers that have been working with other coronaviruses.
· NIH SARS Working Group

· Region IV SARS Working Group — includes researchers from Duke, UNC, Emory, Vanderbilt, University of Florida and University of Alabama-Birmingham.
IV. What is the future of vaccine development for emerging pathogens?

· Teams working together.

· Cooperation and sharing of information.

· Genomics, proteomics and databases.

· Globalization of effort.

“Vaccines and Market Forces” by Mr. Peter Young, President and CEO, AlphaVax, Inc.

I. What are the challenges facing companies involved in vaccine development today?

AlphaVax overview

· Employs vaccine platform technology. This involves re-engineering a specially adapted virus to substitute for a desired gene — designed to control breast cancer, for example — for a portion of its original genome, so that the virus produces the protein encoded by the desired gene rather than producing more virus, and can thus be used as a vaccine.  The lead AlphaVax vector system is genetically derived from an avirulent form of Venezuelan equine encephalitis (VEE) virus. Dozens of genes from different disease targets have been incorporated successfully into the VEE platform. (For more information, and to view the short movie illustrating the procedures involved in producing vaccines in this way: http://www.alphavax.com/newalphavax/html/technology.html# ). 

· This vector system has applications in infectious disease, cancer and biodefense.

· The system has induced protective immunity in animal models to a number of viruses, including Marburg, Ebola, simian immunodeficiency virus and influenza.
· Funding consists of a mix of equity, grants and corporate partner funding.

Global vaccine market

· $6 billion total

· 30% GlaxoSmithKline

· 20% Merck

· 19% Aventis

· 13% Wyeth

· 18% Other

· Compare this to the $350 billion global pharmaceutical market!

· “There’s a lot of economic incentive built into treating people who are already sick and not much into preventing disease in people who are currently healthy.” 

· The current emphasis on biodefense on the federal level is actually causing a reduction in the CDC’s budget.

II. Is an ounce of prevention worth a pound of cure? Can vaccines take market share away from drugs?

Vaccine and market forces

· Historical vaccine technologies (old science)

· Limited disease reach — old technology does not make many disease accessible to vaccine development.

· Low prices — most current vaccines are off-patent, but the manufacturing of them remains complex.

· Capital/cost intensive manufacturing — is increasingly subject to very challenging manufacturing, quality control and regulatory criteria.

· Society’s perception of vaccines and how it values them is based on the old science model.

· New vaccine technologies (see summaries of Drs. Cohen’s and Haynes’ presentations for more specific information)

· New science. Huge advances in molecular biology, immunology/immunopathology and genetics continue to revolutionize vaccine development.

· New diseases, better products, more sophisticated manufacturing — improve existing vaccines and employ more sophisticated and sometimes less costly technology.

Vaccine issues (why would anybody in the pharmaceutical industry choose to develop vaccines?)

· Investment horizon and scope. Vaccine development, like all pharmaceuticals, is very expensive, but there’s less profit motive (vaccines have long been considered a cheap alternative). 
· Complexity of product hypothesis

· Correlates of immunity

· Antigen selection

· Immune delivery

· Manufacturing complexity

· Cost

· Regulatory compliance

· Value perceptions/psychology

· Prevention vs. treatment

· Low historical cost benchmarks

· Liability issues

· Total investment in time and money: To develop vaccines, it takes at least 10 years, $500 million (with a very uncertain outcome). The good news is that you don’t have to spend the entire $500 million all at once.
Risk-benefit perceptions

· Smallpox vaccine (data from CDC Web site)

· 1,000/million serious reactions

· 14-52/million life-threatening events

· 1-2/million deaths

· 7/25,000 cardiac complications, two deaths

· 1/20,000 cardiac events in the military

· Risk of smallpox infection

· Only lab stocks

· Bioterrorist risk

· But, of those who contract it, one in three die.

Vaccine pricing — what is the value of a vaccine?

· 2003 UNICEF projected vaccine purchases

· about 1.5 billion doses

· $187.8 million in cost

· Weighted average price, $0.13 per vaccine

· UNICEF is having trouble finding a manufacturer that will supply vaccines at that price

· Compare to Wyeth’s vaccine to prevent Streptococcus pneumoniae infections (which can cause otitis media and other diseases)

· Prevnar launch price = $58/dose

· Such pricing offers a profit incentive to pharmaceutical companies to pursue vaccine development.

Regulatory compliance issues

· The ability to structure a clinical trial testing a vaccine (preventive measure) is more difficult than with a medication (treatment).

· Results are based on the historical incidence of the disease; if the incidence is low (like HIV in the U.S.), a huge number of subjects are needed.

· If the same HIV vaccine was tested in Africa (where the incidence can be as high as 30%), a smaller population would be needed to see a statistically significant difference.

· Eithical issues — clinical study exposes otherwise healthy people to the intervention.

IV. SARS Vaccine Considerations

· Immunopathological and epidemiological profile and trends

· Infectivity

· Virulence

· Acquired immunity

· Correlates of immunity

· Mutability

· Long-term pathogenic profile
· Value proposition — uncertain right now

· Which market?

· Who invests?

· Who pays? How much?
V. Price and value considerations for new vaccines

· The manufacturing cost of a vaccine is only a small part of its total cost. 
· R&D for the drug being sold ($500 million+) as well as those in the pipeline 

· Marketing expenses

· Administrative expenses

· General expenses of the company
· Determining a market price also involves other factors

· Consumers (society, governments, public health agencies) want a vaccine that’s highly cost-effective and as low in price as possible.

· Drug manufacturers want the opposite, because they are motivated by profit.

· The two need to find common ground to establish an acceptable price.

· Pricing is also affected by demand and the capacity of the manufacturing plants, especially when the drug first receives FDA approval.

VI. Vaccines in the Future

· Existing vaccines

· MMR

· Tetanus

· Flu 

· TB

· Diphtheria

· Hib

· Meningitis

· Strep pneumoniae

· Future vaccines

· HIV

· Hepatitis C

· Herpes

· CMV

· Chlamydia

· Papilloma virus

· Biodefense

· SARS

· Cancer

· Autoimmune disease

· Malaria

“Vaccines and Biodefense” by Dr. James W. Kirkpatrick, Bioterrorism Coordinator, Office of Public Health Preparedness and Response, North Carolina Division of Public Health.

I. With bioterrorism, terror is a weapon itself.

· “The real force multiplier in biological warfare is the panic, misinformation and paranoia associated with it.” [Sidell FR, Patrick WC, Dashiell TR. Jane’s Chem-Bio Handbook. Alexandra, VA, Jane’s Information Group, 1998.]
· Journalists are one of the agents in countering that aspect of the terrorists’ strategies.
II. Public health preparedness and response is more than bioterrorism.

· Bioterrorism has been around for centuries.
· During siege of Cathay in the 1300s, invaders threw the bodies of smallpox victims over the walls of the city to cause an epidemic.

· British used smallpox as a biological weapon during the French and Indian War.

· More recent bioterrorism attacks.

· Rajneesi attacks in Oregon in 1984 — cult infected local restaurant salad bars with Staphylococcus typhimurium so that locals would be too sick to vote in a local election in which cult members were running.

· Aum shinrikyo cult (responsible for the 1995 sarin gas attack in the Tokyo subways) also unsuccessfully tried to use anthrax as a weapon against the Japanese people on at least three occasions.

· Anthrax attacks in U.S. in October 2001 — culprit(s) still unknown.

· Emerging diseases

· West Nile virus (late 1990s in Western hemisphere).

· Avian influenza is affecting huge numbers of birds in the Netherlands.

· SARS — 2002-2003.

III. SARS — the latest emerging disease

· History

· Epicenter in South China, November 2002.

· February 21, Chinese physician with symptoms travels to Hong Kong.

· He infects 10 guests on three floors at the Hotel Metropole, dies February 22.

· Illness exported to four Hong Kong hospitals, Hanoi, Singapore, Canada, U.S. and Ireland.

· Spread of epidemic

· 32 countries on five continents (as of 5/8/03).

· 7,000 probable or suspected cases, 2/3 of cases in China.

· In U.S on 5/8/03 — 325 suspected cases, 63 probable (8 suspected cases in N.C.).

· SARS agent identified

· March 24 — CDC isolates novel coronavirus 
1. Cultured in human cells.
2. Identified by electron microscopy.
3. Immunologic tests craeted.
4. RT-PCR (reverse transcriptase polymerase chain reaction) to identify genetic material of virus (RNA).
· April 7 — complete genome published.

· April 14 — disease re-created in animal model.

IV. Eight components of a public health preparedness and response (PHP&R) plan.

· Surveillance

· Disease investigation

· Vaccination or prophylaxis (if such exist)

· Quarantine and isolation

· Mass care

· Mass fatality

· Public information — be reassuring when the facts support it, have the public do things that make sense and not do things that don’t (duct tape?)

· Command/control/communications

V. Vaccines – the magic bullet?

· Vaccines are very organism-specific and sometimes even strain-specific (example: anthrax vaccine is most effective only against certain strains).

· The effectiveness of vaccines varies.

· Some are effective only pre-exposure.

· Some can be given post-exposure.

· Some are useful in both situations — smallpox vaccine is clearly effective pre-event, but may prevent disease or reduce the seriousness of the infection if given up to four days after exposure.

· The precise, legal, permissible use of vaccines is defined by FDA licensure status. The licensure requirements include:

· Delivery by a particular route (ex: subcutaneous or intramuscular injection, but not intradermal).

· Administered to a particular population (except for pediatric vaccines, most are not licensed for children).

· Licensed against a defined hazard (ex: anthrax vaccine is licensed against cutaneous skin anthrax, but not pulmonary anthrax; the Department of Defense was able to use it against the latter through a special agreement with the FDA.).

· Use permitted during the vaccine’s investigational new drug (IND) phase, but only with resource-intensive record-keeping and information requirements.

· Vaccine administration remains a resource-intensive process — even with the old injector guns (which is not used too much anymore), it’s still a one-to-one experience.

VI. Vaccination component of the PHP&R plan

· Who gets vaccinated? 

· Everyone pre-event? The easy answer, but not practical (because of cost, safety concerns, FDA licensing restrictions, etc.).

· Vaccinate those who could be exposed early on, e.g., medical personnel. This is the current plan for smallpox vaccination (as of 5/8/03, 1,215 people in N.C have received the smallpox vaccine).

· Also vaccinate first responders (fire, police, EMS, general medical population)? If we can clear the regulatory and liability hurdles, we should probably vaccinate this population against smallpox as well.

· Should we also vaccinate this population against anthrax, which requires a series of six inoculations over an 18-month period (day 0, 2 weeks, 4 weeks, six months, 12 months, 18 months — and this schedule must be adhered to fairly rigorously)?  It’s not practical for non-military populations; much more doable for those in the military.

· What is the threat? 

· It varies for each pathogen. Smallpox can be used as a biological weapon (U.S. and U.S.S.R. created such weapons during the Cold War), but is the threat great enough?

· If a vaccine exists, is it already licensed or is it an IND in clinical trials? This will affect its use.

· Is the vaccine licensed for the population we want to inoculate?

· Does the vaccine work post-exposure? If so, we have the option to wait until an attack has been recognized.

· Practical issues — how is the vaccine administered (injectable, oral), how many doses are required, how many people will be needed to execute the plan, what are the contraindications for the vaccine?

· Post-exposure planning

· What is the agent? This seems simple, but it is not always easy to identify right away (ex: white powder in envelopes can be anthrax or a laundry detergent sample).

· Do we have a vaccine, is it effective against this strain, and is it effective post-exposure?

· How much vaccine can be obtained, and how soon?

· If vaccine is effective post-exposure, do we try to identify and inoculate those exposed in the initial event, and do we include their contacts? And not all diseases are communicable (like anthrax, botulism).

· What are the practical issues surrounding vaccination? N.C. has a plan to vaccinate everyone in the state within 5-10 days, but the personnel requirements are immense. We may decide to vaccinate everyone because the initial exposure was so large that we couldn’t identify all contacts, or because of the threat of further events.

VII. Agent vs. vaccine — an unequal contest. 

Emerging pathogens develop quickly, known pathogens undergo mutations or are deliberately manipulated, and diseases are quickly disseminated around the world.

· The challenges of creating a vaccine and getting it to market.

· Scientific challenges — need a thorough understanding of the agent: how does it cause disease, and how do our bodies respond to the infection (both physiologically and immunologically).

· Financial challenges — vaccines generally do not make a lot of money for their manufacturers (particularly for uncommon diseases like anthrax), so government funds are needed.

· Regulatory challenges — the most difficult hurdle. Ideally, the timeline for vaccine development is four years — assuming that, ethically, you can actually perform placebo-controlled efficacy trials. (The Project Bioshield legislation granted the FDA authority to license products using alternative proof of efficacy).

· Characteristics of an ideal vaccine for Public Health Preparedness & Response

· Licensed broadly — can be used in all populations, pre- and post-event (including children, the elderly, pregnant women, etc.).

· Easily administered — a one-dose aerosol or oral vs. ones requiring multiple inoculations.

· Correct specificity — is directed against the characteristics of the pathogen that makes it virulent. A terrorist would not be able to alter the agent to defeat the vaccine because removing that characteristic will make the agent harmless.

· Adaptable — can easily add something to the licensed vaccine to protect against new strains of the agent.

· Minimal contraindications — if everyone can take it, there’s little need to quarantine.

VIII. Biological terrorism agents — The A List

These are the six agents the federal government believes have the greatest potential to be used in a biological attack and/or have the most catastrophic effects if used.



Lethality 

Incubation

Communicability



(untreated)

(days)


(person to person)

Anthrax*
very high

1-5


none

Plague

very high

2-3


high

Tularemia#
moderate

3-5


none

Smallpox*
moderate

7-17


high

Viral

high


4-21


low-moderate

hemorrhagic 

fevers (VHF)#

Botulism#
very high

0.5-5


none



* Licensed vaccine exists

# IND vaccine exists

· Smallpox vaccine — literally 18th century technology; better ones are being developed.
· Anthrax vaccine — takes six doses, 18 months for full immunity.
· IND vaccines exist for tularemia (a.k.a. rabbit fever, an acute plague-like disease caused by Francisella tularensis), botulism, and one of the VHFs (a group of diseases caused by members of four different virus families; members include hantavirus [IND vaccine], Ebola, Marburg, and the viruses that cause dengue and yellow fever). 
VIII. Bioterrorism Resources

· U.S. Army Medical Research Institute of Infectious Diseases. Medical management of biological casualties handbook, 4th edition, 2001. Excellent source of information about a number of potential biological warfare agents. (http://www.usamriid.army.mil/education/bluebook.html)

· http://www.nchan.org
· http://www.bt.cdc.gov
· http://www.unc.edu/depts/spice/resource.html
The JAMA (Journal of the American Medical Association) series, “Medical and Public Health Management Following the Use of a Biological Weapon: Consensus Statements of The Working Group on Civilian Biodefense,” includes the seven articles cited below. 

· Inglesby TV et al. Anthrax as a biological weapon. JAMA 1999; 281:1735-1745. http://jama.ama-assn.org/cgi/content/full/281/18/1735 ; Updated recommendations for management http://jama.ama-assn.org/cgi/content/full/287/17/2236 

· Henderson DA et al. Smallpox as a biological weapon. JAMA  1999:281:2127-2137. http://jama.ama-assn.org/cgi/content/full/281/22/2127 

· Inglesby TV et al. Plague as a biological weapon. JAMA 2000;283:2281-2290. http://jama.ama-assn.org/cgi/content/full/283/17/2281 

· Dennis DT et al. Tularemia as a biological agent. JAMA 2001;285:2763-2773. http://jama.ama-assn.org/cgi/content/full/285/21/2763 

· Arnon SS et al. Botulinum toxin as a biological weapon. JAMA 2001:285;1059-1070. http://jama.ama-assn.org/cgi/content/full/285/8/1059
· Borio L et al. Hemorrhagic fever viruses as biological weapons. JAMA 2002;287;2391-2405. http://jama.ama-assn.org/cgi/content/full/287/18/2391 

“Vaccines, the Media and Public Health” by Dr. Samuel Katz, Chairman Emeritus, Department of Pediatrics; Wilbert C. Davison Professor Emeritus, Pediatric Community Programs, Duke University Medical Center; Member, World Health Organization Committee on Vaccines; Co-Chairman, India-U.S. Vaccine Action Program; Member, Advisory Committee on Immunization Practices of the CDC; Co-chair, National Network for Immunization Information.

Information and misinformation about vaccines

· Misinformation in the media, and especially on the Internet, is a real dilemma.

· Antivaccine groups saturate the Internet with “garbage information.”

· Sensationalism. Example: A front page story appeared noting that Miss America is deaf because she was given a vaccine that caused her deafness. The truth, which appeared later (and not on page one), is that she had had meningitis as a child due to a Haemophilis influenzae Group B infection. She had this infection before there was a vaccine available. And now, with the vaccination program in place, we’ve significantly reduced the number of cases from 20,000/year to 200.

· Researchers also deserve some of the blame about sensationalism because their research sometimes gets publicized before it has gone through appropriate peer review and publication. “We have to somehow come to a better understanding of how we publish scientific information, and how you validate what is released to you, how you judge what’s important to put in the press.”
Antivaccine groups

· Bad news garners more attention than good news. Good news: because of effective vaccines, polio and diphtheria no longer cripple children. But the news we read about is when one person has a bad reaction to a vaccine, or someone makes a cause-and-effect connection between a childhood vaccine and a subsequent condition (like autism) without any scientific proof.
· Antivaccine groups have become savvy about using the media to promote their views. Example: The group Dissatisfied Parents Together (DPT) changed its name to the National Vaccine Information Center. The new name sounds like a federal agency.
· An M.D./J.D. publishes antivaccine papers in The Journal of American Physicians and Surgeons (JAPS). Although the journal sounds like a peer-reviewed publication, it’s actually a publication of a “libertarian group who believes that anything the government wants you to do should be…resisted.” 
Issues of the cost-effectiveness of vaccines: meningococcal vaccine.
· A bill under consideration in the N.C. legislature would “require any private or public institution that offers a postsecondary degree to provide meningococcal disease immunization information to students if the institution has a residential campus.” (The N.C. House ratified Bill H825 on June 3 [http://www.ncga.state.nc.us/html2003/bills/allversions/house/h825vr.html]; the Senate version [S876] was referred to the Committee on Health in late April).
· The vaccine protects against four types of the meningococcal bacteria, which can cause bacterial meningitis. For reasons researchers don’t fully understand, cases among college freshmen (particularly those living in dormitories) occur every year.
· The CDC has determined that if we required everyone to be inoculated, it would cost $1 million to prevent one death. “Now, if the death is my son or daughter, a million dollars doesn’t mean peanuts, as far as I’m concerned.” 
· There’s objection to the N.C. bill because the vaccine cost $55 — “But $55 is a lot less than I see the students in Chapel Hill on Franklin Street, or the students at Duke on Ninth Street, spend on a Saturday night.” 
· “Yet the only time you’ll ever see a story about meningococcal disease is when a student at the University of Illinois gets meningococcal disease and dies, and there are a few cases on campus…and they have to fly 11,000 doses to Champaign, IL, to have a crash program to immunize all the kids…. Somehow, that doesn’t get figured into the cost-effective formula.”
Thimerosal issue

· Thimerosal is a preservative that has been in vaccines for more than 40 years. It used to prevent bacterial contamination in multiple-dose vaccine vials. During a study of the presence of mercury in food and biologicals, the FDA discovered that thimerosal is metabolized in the body to ethyl mercury (which is rapidly excreted from the body) and not methyl mercury, which is toxic. 
· In 1999, the American Academy of Pediatrics and the Public Health Service recommended that thimerosal be removed from vaccines to maintain public confidence in vaccines. (See a summary on a subsequent joint statement on the issue in the CDC’s publication Morbidity and Mortality Weekly Report [MMWR]  http://www.cdc.gov/mmwr/PDF/wk/mm4927.pdf)

· The decision “was immediately perverted by the antivaccine folks to say, ‘See, they have been damaging children all these years, and now they are getting rid of the mercury.’ You get more mercury from eating a tuna fish sandwich than you get from vaccines.”
· Vaccine manufacturers use single-dose vials so that no preservative is needed. But it’s more expensive — an issue on the global market. 
A good source of information about vaccines

· National Network for Immunization Information (Nnii) http://www.immunizationinfo.org 

· Its mission is to provide scientifically reliable, relevant information about vaccines so that people can make educated decisions about them.

· Its targets: the media, the legislators, the families and healthcare workers.

“Risk Communication: Putting Fears in Perspective” by Mr. David Ropeik, Director of Risk Communication, Harvard Center for Risk Analysis, Harvard School of Public Health.

I. Risk perception 

· Risk perception is the patterns of psychological factors by which we subconsciously “decide” what to be afraid of and how to be afraid.

· “People are disturbed, not by things, but by their view of them.” Epitetus (a first century philosopher)

· Repeated observation as a television journalist — people’s fears don’t seem to match the facts.

· People don’t use facts alone to make decisions about risks — so does this make it an irrational decision?

II. The biological basis of risk perception. Our brains are biologically constructed to fear first, think second. 

· Three parts of the brain are involved:

· Hypothalamus (in the subcortical region) — the switching center

· Amydala (subcortical region) — fear center of the brain

· Cerebral cortex — outer layer of the brain (the “wrinkley stuff”)

· Evolutionally speaking, the first two are much older, and the fear response begins in the subcortical region

· A scenario to illustrate the brain’s involvement in risk perception. You’re walking in the woods, see something on the ground — is it a stick or a snake?

· Signal travels up the visual pathway to the back of the brain, where interpretation of the signals begins

· Information is sent to the hypothalamus (switching center)

· Signals sent to two regions: the amydala adjacent to the hypothalamus, and to the cortex. It’s a race.

· The signal takes less time to arrive at the amydala, so you jump out of the way before even thinking about it.

· Your brain is doing risk perception, even without thinking about it. It’s not irrational; in fact, we are hard-wired to do it.

· The biological framing of risk perception

· Long-term potentiation (learning): sensory inputs that evoke strong reactions, including fear, form strong new neural circuits.

· Our first impressions of a risk form physical circuits that represent “safety.”

· Subsequent information has to fight to undo, or modify, those neural circuits.

III. Risk perception — some general rules

· Perception factors are like seesaws. They can make fear either go up or down.

· Their effect changes over time

· For any given risk, several factors are usually involved.

Fourteen factors involved in risk perception:

1. Trust. Most people are less afraid of risks that come from places, people, corporations, or governments they trust, and are more afraid if the risk comes from a source they don’t trust.
2. Risk vs. benefit. Most people are less afraid of risks if the risks also confer some benefits (like vaccines). 
3. Control vs. lack of control. Most people are less afraid of a risk they feel they have some control over, like driving. Most are more afraid of a risk they don’t control, like flying or sitting in the passenger seat while someone else drives. 
4. Imposed vs. voluntary. Most people are less afraid of a risk they choose to take than of a risk imposed on them. Smokers are less afraid of smoking than they are of asbestos and other indoor air pollution in their workplace. 
5. Natural vs. human-made. Most people are less afraid of risks that are natural than those that are human-made. Many people are more afraid of radiation from nuclear waste or cell phones than they are of radiation from the sun, a far greater risk.
6. Dread.  Most people are more afraid of risks that can kill them in particularly grisly ways, like being eaten by a shark or cancer, than they are of the risk of dying of, say, heart disease — the leading killer in America.
7. Catastrophic vs. chronic. Most people are more afraid of catastrophic events (terrorism, plane crashes, mass murders) than of chronic situations (heart disease, motor vehicle crashes, “everyday” murders).
8. Uncertainty. We are much more afraid of risks when uncertainty is high (untested chemical products, terrorism) and less afraid when we know more (artificial sweeteners, microwave ovens, electrical and magnetic fields). This may explain why we meet many new technologies with high initial concern.
9. Me or them (personal vs. statistical). Fear of shark attacks go up when you go in the ocean; radiation from high voltage lines when such a line is installed near your home; terrorism in the U.S. after 9/11/01.
10. Familiar vs. new. Most people are more afraid of risks that are new than of those they’ve lived with for a while. Emerging viruses (West Nile, SARS) generate more fear, whereas the flu (which kills 36,000 annually) produces less fear.
11. Children. We’re much more afraid of risks to our children than risks to ourselves. Most people are more afraid of asbestos in their children’s schools than in their own workplace. This factor plays an important role in concerns about vaccines.
12. Personification (when a statistical risk acquires a human face).  Fear of war rises after we see pictures of the dead and injured; concern about medical errors rise when we learn of someone harmed by a doctor’s error. 
13. Fairness. We are more afraid of risks to the sick, handicapped, elderly and poor, and less afraid of risks to workers, the rich, the powerful.
14. Awareness. Fear increases as awareness of them increases. In fall 2001, awareness of terrorism was so high that fear was rampant, while fear of street crime and global climate change and other risks was low — not because those risks were gone, but because awareness was down. This is also true of biological weapons. 
IV. Risk misperception can cause stress, lead to dangerous choices.

· Chronic stress suppresses our immune systems, increases the likelihood of developing serious diseases (diabetes, heart disease, etc.) and interferes with the formation of long-term memory.

· The best way to reduce the danger of any given risk is to arm yourself with some basic facts from a reliable, neutral source.

· This allows the rational side of your perceptions to balance out the “natural” emotions.

· The better you can do at keeping your perception of risks closer in line with what the risks really are, the happier and safer you will be.

