
 

Issue Brief: November 2001 
 
Plant Biotechnology in National Defense: Creating Strategic Reserves of Vaccines 
and Therapeutic Drugs to Counter Agents of Biowarfare 
 
The events of September 11 put the nation on high alert for other acts of terrorism. Then 
anthrax-containing letters contaminated buildings in Florida, New York City, and 
Washington, D.C.  Five people have died from inhalation anthrax and many more have 
become ill.  The spectre of biowarfare has become painfully real, and the need to ensure 
adequate and appropriate drug supplies is now an urgent matter of national defense. 
With warnings to prepare for a prolonged war on terrorism at home as well as abroad, 
the nation must consider how to create strategic reserves of pharmaceuticals that may be 
needed suddenly and in great quantity—and to do so as quickly, safely, and inexpensively 
as possible. These topics are addressed in this Issue Brief on “U.S. Biowarfare Defense: 
A Cost-Effective Strategy to Create Highly Efficacious Strategic Reserves of Therapeutics 
and Vaccines,” a Capitol Hill briefing sponsored by the Center for Strategic and 
International Studies (CSIS) held in Washington, D.C., on October 17, 2001. 
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“These are unsettling days,” said Dr. John Hamre, president and CEO of CSIS, at a 
briefing held in the Hart Senate Office Building less than 48 hours after anthrax was 
discovered several floors below in the office of Senate Majority Leader Tom Daschle (D-
SD). “It is our obligation to fight for our democracy, and scientists are at the center of 
this fight,” he stated. 
  
Concurring with Hamre’s assessment, Senator Tim Hutchinson (R-AR) described some 
of the Senate’s responses to the threat of biological and chemical attacks. One proposal 
calls for more vaccine production facilities to redress what Hutchinson labeled the 
government’s “short-sighted” contract with a single company to manufacture anthrax 
vaccine. An inadequate number of suppliers presents obvious targets for terrorism and 
raises supply and licensing issues, he said, noting that the current supplier is not licensed 
by the Food and Drug Administration (FDA) to make anthrax vaccine. A second-
generation anthrax vaccine, deliverable as one dose rather than a series of doses, is 
nearing final development.  
 
Through the Health, Education, Labor, and Pensions (HELP) Committee, legislation is in 
progress to allow the government to stockpile vaccines and other medical supplies, and 
the Bush administration has requested $1.5 billion for that purpose. The Agriculture, 
Nutrition, and Forestry Committee wants to allocate $3.5 billion to upgrade medical 
supply manufacturing plants and other facilities to withstand terrorist attacks. Finally, 
health care providers need to be trained and ready for bioterrorism, he said. 
The stakes are very high, Hutchinson concluded—nothing less than the world our 
children and grandchildren will experience. He remained optimistic that the United States 
would prevail—as it always has—by “harnessing the inventive spirit of our citizens.” 
 
An inadequate number of vaccine suppliers presents obvious targets for terrorism and 
raises supply and licensing issues, according to Hutchinson. 
 
Representative Jim McDermott (D-WA) pointed out that the United States is dealing with 
not only biological but psychological warfare: “The events of September 11 pierced our 
armor of domestic invincibility, our sense of safety within our borders.” In a public health 
context, the few anthrax cases resulting from the anthrax-laden letter sent to American 
Media offices in Boca Raton, Florida, are not a good test of U.S. capacity to respond to a 
biological warfare attack, he warned. According to recent testimony on Capitol Hill, the 
nation would be “overwhelmed by 500 cases.” 
 
“Funds spent in the public health arena may be as important as anything we do in 
biowarfare to protect the American people,” McDermott said. 
 
We cannot respond “in a panic mode” with piecemeal federal allocations in the absence 
of a coordinated, rational policy approach, McDermott cautioned. Dozens of pathogens 
(see Glossary box) could be used in an attack, including genetically modified organisms. 
At an estimated cost of $3.2 billion to develop only eight new vaccines, it is impractical 
to develop antidotes to all possible biological threats. Nevertheless, “funds spent in the 



   

        

public health arena may be as important as anything we do in biowarfare to protect the 
American people,” he said. 
 
Plant Vaccines Glossary  
 
Antibody. A protein the body manufactures in response to a specific antigen. By 
destroying or weakening invading substances, antibodies form the first line of defense in 
the immune system. 
 
Antigen. A substance recognized as foreign that triggers the body to produce antibodies. 
Bacteria, toxins, and transplanted cells function as antigens. 
 
DNA. Two chains of nucleotides whose sequence in a double helix structure determines 
the hereditary characteristics of individual living organisms. 
 
Genetic engineering. The process of changing the genetic material in a living organism. 
See recombinant DNA. 
 
Pathogen. Any agent that causes disease, especially living microorganisms like bacteria.  
 
Recombinant DNA.  DNA created by putting genes from one species into the cells of an 
individual organism of another species in a process called genetic engineering. The 
foreign DNA becomes part of the host’s genome (its genetic map) and is replicated in 
subsequent generations descended from that host.  
 
Subunit vaccine. A vaccine that contains a small amount of the proteins of a disease-
causing pathogen. Without infecting the person who is vaccinated, these proteins can 
stimulate a protective response in the immune system before the person is exposed to that 
pathogen. 
 
Transgenic plant. A plant with genes transferred from another genus or species.  
 
 
Adapting Plant Biotechnology to Public Health Purposes 
 
Dr. Charles J. Arntzen, founding director of Arizona Biomedical Institute (AzBio) and 
former president of the Boyce Thompson Institute for Plant Research at Cornell 
University, put his discussion of plant-based pharmaceuticals in context by referencing an 
October 14 article in the New York Times Book Review. Assessing the threat to the U.S. 
public of a biological attack, three veteran Times reporters concluded that it would be 
wise “to take steps to lower the odds and reduce the consequences should the unthinkable 
ever occur.” Arntzen’s work on genetically modified plants addresses both goals through 
development of vaccines to lower the odds and therapeutic antibodies to reduce the 
consequences of such an attack. 
 



   

        

For many years, Arntzen’s focus in plant biotechnology, a form of genetic engineering, 
was the development of low-cost vaccines for developing countries. The Department of 
Defense (DOD) then saw the technology’s potential for preparedness against biowarfare. 
Since 1996, DOD has funded research on plant biotechnology to create strategic reserves 
of vaccines and antibodies for infectious agents that could be used in biowarfare. From 
this research, DOD hopes to achieve four goals:  
! an initial drug supply for at-risk groups (e.g., the military);  
! “scalable” production capacity that can be boosted rapidly when supplies are needed; 
! a cost-effective stockpile of pharmaceutical supplies that are available to meet sudden 

demand; and 
!  products that are easy to use (e.g., vaccines that can be administered orally and do 

not require refrigeration). 
 
“These vaccines can be maintained in the living plants themselves or stored as dried 
stockpiles,” Arntzen noted. 
 
Arntzen summarized how biotechnology is used to manufacture vaccines through a yeast 
fermentation process, with the hepatitis B vaccine—the first subunit vaccine derived from 
DNA—as an example. He then explained the advantages of plant biotechnology over the 
yeast fermentation process in terms of production scale, storage, and cost. (See box on 
Plant-Based Vaccines and Antibodies: Advantages and Status.) The same technology 
is now widely used to make genetically modified plants that are, for example, resistant to 
specific pathogens, pests, or drought.  
 
On the subject of human resistance to a drug, he noted that this is an issue primarily with 
antibacterial agents, not vaccines. One benefit of bioengineering is the ability to put 
multiple genes in plants for multi-pronged immunity against new strains of pathogens 
that have different mechanisms of action, he said. 
 
With this technology, every plant cell produces the signature protein of a particular 
biowarfare agent. That protein, in turn, triggers an immune response in a person who 
consumes the plant material in an unprocessed or lightly processed form, but it cannot 
cause the disease. Minimal processing is a prerequisite, because some food processing or 
preparation methods, such as cooking, may damage or destroy the active pharmaceutical 
agents. 
 
AzBio has tested this approach with genetically engineered raw potatoes in three clinical 
trials, two for hepatitis B and one for bacterial and viral diarrhea, which annually kills 2.5 
million children under age five years around the world. After eating doses of 50–100 
grams, all study participants demonstrated an immune response, Arntzen reported. 
Immune receptor sites in the gut recognize the antigens—a desirable result, because in 
biowarfare, the primary targets in the body are the lungs and intestinal tract sites. To date, 
the National Science Foundation and the National Institutes of Health have been the 
primary funders of this research.  
 



   

        

Arntzen emphasized that prompting a basic immune response is not the same as inducing 
immunity, which would require an increase in the amount of vaccine delivered by a 
factor of about 100. Although oral administration is less effective than the subcutaneous 
route (a shot), Arntzen does not see this as a barrier. 
 
“Preliminary data predict success in plant-derived vaccines against the agents that cause 
anthrax and plague,” Arntzen said. 
 
Arntzen’s group has also tested genetically engineered tomatoes that have been pureed 
and freeze-dried (lyophilized) to deliver an oral hepatitis B vaccine. For the future, 
scientists will work on developing standard, measurable doses of plant-produced 
vaccines. The vaccines can be maintained in the living plants themselves or stored as 
dried stockpiles, he noted.  
 
AzBio is collaborating with the U.S. Army Medical Research Institute of Infectious 
Diseases (USAMRIID) to develop plant-based vaccines for anthrax (Bacillus anthracis) 
and bubonic and pneumonic plague (Yersinia pestis), two potentially deadly diseases that 
can be delivered as air-borne biowarfare agents. “Preliminary data predict success in 
plant-derived vaccines against the agents that cause anthrax and plague,” Arntzen said. 
 

Plant-Based Vaccines and Antibodies: Advantages and Status 
 
! Genetic engineering has a proven track record with numerous transgenic 

(genetically modified) plants in traditional agriculture. 
! The technology has proven applicability to development of pharmaceuticals 

against agents used in biowarfare. 
! The approach offers a cost-effective strategy for stockpiling medical materials 

that can be used as needed. 
! The current production capacity for  yeast-based bioengineered vaccines is 

already strained.  
! A three-partner consortium is developing manufacturing capability for plant-

based pharmaceuticals. 
! Within only 36 months, production would provide a strategic reserve of 

pharmaceuticals for both civilians and the military. 
! Any type of antibody can be produced in plants. 
! Antibodies and vaccines for biowarfare threats are already available for 

production in plants; more can be identified. 
 
Making the Case for Plant-Produced Pharmaceuticals 
 
Plant-produced antibodies also are important tools in the war against bioterrorism, 
according to Dr. Mich Hein, founding scientist, Epicyte Pharmaceuticals, Inc. Part of the 
body’s immune system, antibodies prevent infection on surface areas, including nasal 
passages; clear infectious organisms from the body; identify foreign organisms for 
destruction; and neutralize and remove toxins. Among the disease-causing substances 
they inactivate are several potential bioterrorism agents, such as the botulism toxin, 



   

        

anthrax, Ebola virus, plague, and ricin, a poisonous protein found in the seeds of the 
castor oil plant.    
Antibodies do not affect influenza, which can mutate rapidly into new substrains, or 
smallpox, Hein noted.  The World Health Organization declared smallpox eradicated in 
1979, but the disease could pose a serious threat if deliberately unleashed today, when an 
entire generation has not been vaccinated and the protective effects have long since worn 
off among those who were.   
Pharmaceuticals can be developed for immunization against these agents and for 
treatment after exposure to them. Immunoglobulin G (IgG) antibodies prompt an 
inflammatory response and are appropriate for post-exposure treatments. Secretory 
immunoglobulin A (SIgA), which does not produce inflammation, is better suited for 
prophylactic and preventive applications, Hein explained.  
 
Antibody products represent some 25 percent of all biotechnology drugs now in 
development. The FDA has approved 10 such antibody drugs, and they have an excellent 
safety record, Hein stated. However, these products rely on the fermentation process, and 
the manufacturing capacity for that method is strained and expensive, Hein said—costing 
about $500 million for each vaccine produced. 
 
In contrast “plantibodies”—a trademarked name for human antibodies manufactured in 
plants—have functionally limitless production capacity and lower costs than those 
associated with the fermentation process. Sophisticated analyses confirm that plant-
produced human antibodies are identical to antibodies produced in humans, Hein said, 
and peer-reviewed journals report their effectiveness. Streptococcus mutans is the 
causative agent for dental caries; Herpes simplex virus (HSV) causes vaginal herpes. 
Plantibodies for S. mutans and HSV have been shown to prevent dental caries in humans 
and vaginal transmission of herpes in mice, respectively. 
 
Plant-produced antibodies act directly in the body, Hein explained. By mimicking the 
response of the body’s immune system, they can prevent a foreign organism from 
entering and confer immunity. The duration of that immunity depends on several factors, 
including the organism itself and the timing of the drug’s administration. Because the 
antibodies are highly specific to a particular pathogen, they kill only those they recognize 
and leave others untouched. The immune response is also person-specific, he said.  
 
Breaking the Capacity Barrier 
 
Hein explained why capacity constraints seriously limit bioengineered antibodies that 
rely on fermentation. Approximately 500 antibodies are in development, but current 
fermentation capacity is limited to 15–20 antibodies. Moreover, it takes five years to plan 
and build a production facility under FDA guidelines. “One antibody could consume 
most of the country’s current production capacity,” he remarked. “Plant antibodies are 
cheap to make and purify, easy to store and transport as seeds, do not carry animal 
diseases, and are easy to scale up with increased acreage.” 
 



   

        

“Plant antibodies are cheap to make and purify, easy to store and transport as seeds, do 
not carry animal diseases, and are easy to scale up with increased acreage,” Hein said. 
 
In partnership with Dow Chemical, Epicyte is collaborating on large-scale production of 
pharmaceutical proteins in plants, focusing on eight or nine molecules. Hein outlined 
estimates for a strategic reserve of plant-based pharmaceuticals. A single dose is 
considered to be 1.05 grams (15 mg/kg body weight). A total of 500 acres of 
bioengineered corn (grown in two 250-acre reserves for security) could produce 500,000 
doses, or 500 kilograms—an amount that exceeds the year 2000 production for the two 
highest-volume antibodies manufactured by fermentation.  
 
According to Hein, this capacity could be surpassed within three years with plant-
produced antibodies. His timetable shows an approximate production of 10 milligrams in 
18 months, 500 grams in 26 months, and more than 10,000 kilograms (10 million doses) 
in 36 months. 
 
Surmounting Regulatory and Public Education Challenges  
 
Although there still are some technical issues to resolve with plant-based 
pharmaceuticals, there are more daunting hurdles, Hein commented. “The biggest 
challenge is regulatory,” he said. As pharmaceutical products, antibodies, no matter how 
they are produced, must undergo a rigorous approval process regulated by the FDA’s 
Center for Biologics Evaluation and Research (CBER) for safety and efficacy. Because 
plant-produced drugs involve bioengineered genetic material that must be isolated from 
agricultural crops, the Department of Agriculture and the Environmental Protection 
Agency have jurisdiction for matters of environmental impact. Additionally, clinical 
testing of drugs that counter biowarfare agents will require the participation of the 
military—a fourth Cabinet-level agency with multiple branches. 
 
The first target is licensure of a freeze-dried product, such as tomato juice, Arntzen said. 
“If everything continues to work as well as it has, today’s prototype plant 
pharmaceuticals for diarrhea, for example, could be ready in two to four years,” he said.  
Regulations, which are currently being drafted, will determine the time to licensing. 
Arntzen foresees a three- to five-year timeframe to develop strategic reserves for 
biowarfare vaccines as a supplement to current supplies. 
 
“It’s important to make sure the public understands the difference between genetically 
modified foods and genetically modified plant pharmaceuticals,” Hein stressed. 
 
Speaking about intellectual property rights, Hein stated that they do apply to plant 
biotechnology products but that the technology will enable low-cost production and 
broader access in the market. He added that the federal government has the authority to 
use licensed products without paying a royalty for pressing reasons of public health and 
safety. 
  



   

        

 “The antibody product exists only in the seed, not in the pollen, and tight guidelines 
govern the growth and use of these plants in closely controlled, isolated facilities,” Hein 
said. 
 
From experience with transgenic foods, Hein acknowledged that public perception of 
safety poses another challenge for bioengineered plant pharmaceuticals. “It’s important to 
make sure that the public understands the difference between genetically modified foods 
and genetically modified plant pharmaceuticals,” he stressed. Corn is a favored host plant 
in part because it is pollinated by wind rather than insects, a reproductive fact that 
imposes natural geographic limitations. Furthermore, “the antibody product exists only in 
the seed, not in the pollen, and tight guidelines govern the growth and use of these plants 
in closely controlled, isolated facilities,” he said. The United States has 78–80 million 
acres in corn production now. Only 50–100 acres of bioengineered corn planted twice per 
year would yield 100–150, and perhaps even 200, kilograms per year of pharmaceutical 
product.  
 
With several companies working to develop pharmaceutical products from plants, Hein 
predicted that a plant-produced antibody molecule could be in clinical trials in the United 
States about a year from now. 
______________________________________________________ 
This Issue Brief was written by The Stein Group. 
 
Funding for this briefing has been provided to CSIS from the The W.M. Keck 
Foundation, The Richard Loundsbery Foundation, and The Greenwall Foundation. 
 
For additional information on these and related programs, contact Anne G.K. Solomon, 
CSIS Senior Adviser and Director of the Biotechnology and Public Policy Program at: 
biotech@csis.org, or visit the CSIS website: www.csis.org.  

mailto:biotech@csis.org
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