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Disclaimer 
 
This report was prepared as a summary of the presentations and discussions held at the U.S. 

Environmental Protection Agency (EPA) technical meeting, Review and Design of Low Dose 

Bacillus anthracis Inhalation Exposures (July 27-28, 2011). This report captures the main points 

and highlights of the meeting; it is not a complete record of all detailed discussions, nor does it 

embellish, interpret, or enlarge upon matters that were incomplete or unclear. At this meeting, 

EPA was not seeking consensus decisions but rather hoped to solicit the views of individual 

experts to help the Agency develop its future research agenda. 

The EPA through its Office of Research and Development’s National Homeland Security 

Research Center contracted the preparation of this report under contract number EP-W-09-011 to 

RESOLVE, Inc. It has been subjected to the Agency’s review and has been approved for 

publication. Note that approval does not signify that the contents necessarily reflect the views of 

the Agency. This draft report will be submitted through the EPA clearance process after initial 

meeting attendee reviews have been conducted. 

Questions concerning this document or its application should be addressed to: 

 
Sarah Taft, Ph.D. 
U.S. Environmental Protection Agency 
National Homeland Security Research Center 
26 W. Martin Luther King Drive, MS NG16 
Cincinnati, OH 45268 
513-569-7037 
Taft.Sarah@epa.gov 
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Foreword 
Following the terrorist events of 2001, the U.S. Environmental Protection Agency’s (EPA) 

mission was expanded to account for critical needs related to homeland security. Presidential 

Directives identified EPA as the primary federal agency responsible for the country’s water 

supplies and for decontamination following a chemical, biological, and/or radiological attack. 

EPA’s National Homeland Security Research Center (NHSRC) program is focused on 

conducting research and delivering products that improve the capability of the Agency to carry 

out its homeland security responsibilities.  

NHSRC is responsible for delivery of reports and databases with information on the health 

effects of contaminants. Reliable dose-response data are critical to assessing the human health 

risks from exposure to microorganisms originating from intentional and unintentional releases. 

Such releases can result in contamination of buildings, drinking water systems, outdoor areas, 

or food. However, dose-response data for biological threat agents in the low-dose range are 

very limited. To bridge this critical data gap, advanced methods, animal studies, and other 

approaches must generate credible low-dose data to support the development of acceptable, 

scientifically defensible response and remediation actions.  

In July 2011, EPA NHSRC sponsored a Review and Design of Low-Dose Bacillus anthracis 

Inhalation Exposures meeting to review the research done to date and to identify gaps that future 

research should address regarding low-dose exposures. This effort brought together many 

organizations across the country, including EPA’s program offices, federal government agencies 

and laboratories, academia, and the private sector. Participants of the conference shared 

knowledge, explored differing opinions, and expanded understanding of the current state of 

research for low-dose exposure and future research needs. This report represents a summary of 

the presentations and discussions during the meeting. We value your comments as we move one 

step closer to achieving our homeland security mission and our overall mission of protecting 

human health and the environment.  Please send any comments to Sarah Taft, 26 W. Martin 

Luther King Drive, MS NG16, Cincinnati, OH 45268, 513-569-7037, Taft.Sarah@epa.gov. 

 
Jonathan G. Herrmann, P.E., BCEE 

Director, National Homeland Security Research Center 

mailto:Taft.Sarah@epa.gov
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B. anthracis Bacillus anthracis 
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Executive Summary 
 

Along with its federal partners, the U.S. Environmental Protection Agency’s (EPA) National 

Homeland Security Research Center (NHSRC) conducts research in the area of microbial risk 

assessment. The aim is to improve our understanding of the human health effects of exposure to 

microbial agents, including Bacillus anthracis (B. anthracis). Better knowledge of these effects 

will support first responders and decision makers during a biothreat event.  

Although there have been studies of the effects of B. anthracis, previous research was focused on 

high-level exposures. Such research yields little insight into the potential impact of repeated low-

level exposures, which is important to understand when making decisions on whether and when 

to reoccupy a building that has been the site of a biothreat incident. EPA, in partnership with the 

Department of Defense (DOD) and the Centers of Disease Control and Prevention (CDC), 

decided to conduct research into the human health effects of acute and multiple low dose 

exposures to B. anthracis.  

Upon completion of the initial studies, EPA consulted with other technical experts in the field on 

the interpretation of the results and their recommendations for future studies. The Agency 

convened representatives of federal government agencies, private research institutions, and 

academia, in Cincinnati, Ohio, July 27 – 28, 2011, to discuss the results of the studies of acute 

and multiple low dose B. anthracis inhalation exposure in rabbits. The objectives of the meeting 

were to: 

• Review the preliminary acute and multiple low dose exposure studies.  

• Identify strengths and weaknesses of the current approach.  

• Design follow-on subchronic low dose exposure studies.  

There were 42 attendees; in addition, there were three participants from Research Triangle Park, 

North Carolina, and two from Washington, D.C., via video-teleconference link. The meeting 

focused on science and recommendations for future studies rather than on policy concerns. At 

this meeting, EPA was not seeking consensus decisions but rather hoped to solicit the views of 

individual experts to help the Agency develop its future research agenda.  
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Jonathan Herrmann and Tonya Nichols from the EPA NHSRC, Kevin Teichman from the EPA 

Office of Research and Development (ORD), Stephen Morse from the CDC, and Christopher 

Russell from Department of Homeland Security (DHS) opened the meeting by providing the 

background and context for the research. Sarah Taft of the EPA NHSRC then gave an overview 

of EPA’s acute and multiple low dose exposure studies. Anne Boyer, CDC National Center for 

Environmental Health, and Conrad Quinn, CDC National Center for Immunization and 

Respiratory Diseases, gave presentations summarizing the CDC studies seeking to identify 

biomarkers of B. anthracis infection. An extensive question-and-answer session with the meeting 

participants followed the presentations. 

The meeting participants then broke into smaller groups for in-depth discussion of the studies. 

The participants received a set of questions to facilitate discussions in the small groups. A 

reporter from each group presented the highlights and conclusions from each group’s 

deliberations back to the plenary. The content of this report is drawn entirely from the 

information in the presentations and meeting discussion sessions. 

The following are brief summaries of some of the discussion highlights: 

• Overall, participants agreed that the multiple low dose study addressed an important gap 

in the current research. None of the meeting participants identified other existing multiple 

daily inhalation low dose exposure studies for EPA to consider in the assessment of the 

subchronic and chronic health effects of anthrax.  

• Meeting participants identified the sample population as a concern for EPA’s multiple 

low dose study design, due to the small sample number and the homogenous composition 

of the sample. In addition, many noted that except for mortality, the data from the 

multiple low dose study do not show any other obvious adverse effects of B. anthracis in 

the rabbits. Participants stated that no clear conclusions on adverse effects could be 

drawn from the studies for the following combination of reasons: the data as presented do 

not convey the temporal dimension for each observed response, the study period was not 

long enough, and there were an insufficient number of sick survivors. 

 

Dr. Taft opened the second day of the meeting with a presentation on the options for future EPA 

studies, emphasizing the need to prioritize activities in light of limited resources. Dr. Taft would 
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like to receive participants’ input on what those priorities should be. Dr. Crystal Briscoe of 

Batelle provided further context with a presentation on the pathogenesis of B. anthracis. At the 

conclusion of the meeting, EPA indicated that the next steps will be to develop a two-to-three 

year plan for an additional study. The Agency will take the ideas and suggestions raised during 

the meeting into account and welcomes additional input from the participants and readers of this 

report.  Please send any comments to Sarah Taft, 26 W. Martin Luther King Drive, MS NG16, 

Cincinnati, OH 45268, 513-569-7037, Taft.Sarah@epa.gov. 

The meeting participants once again broke into smaller groups on the second day to have 

discussions about options for future studies. The participants received a second set of discussion 

questions regarding future studies, and a reporter from each group presented the highlights and 

conclusions from each group’s deliberations back to the plenary. 

The following are brief summaries of some of the discussion highlights: 

• Participants offered suggestions for several activities EPA could carry out in the short-

term, prior to beginning a next round of studies. Specifically, the Agency could perform 

further pathologies and histologies on the existing tissue samples. Another suggestion 

was that EPA should do additional modeling before progressing to a next round of 

studies. The modeling could explore simulated time intervals and dose levels to better 

predict internal doses and infection, illness, severity of illness, and fatality. 

• Prior to conducting another round of studies, it would be useful to arrive at a better 

characterization of the retained dose in the rabbits, as well as an improved understanding 

of the effects of multiple doses in the rabbit system and the risks of different portals of 

entry. 

• When planning future studies, EPA should consider the real-life scenarios that the study 

results would inform, and, in particular, the risks associated with different types and 

levels of exposure.  

• With regard to future studies, participants offered two main recommendations for altering 

the study design and methodology: (1) increasing the sample size; and (2) lengthening the 

monitoring period post-exposure. Some suggested that EPA design future studies to take 

into account population variability, including age, relative health, and gender. 
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Opening Comments 
 
 
Representatives from the U.S. Environmental Protection Agency (EPA) National Homeland 

Security Research Center (NHSRC), the EPA Office of Research and Development (ORD), the 

Centers for Disease Control and Prevention (CDC), and Department of Homeland Security 

(DHS) provided opening comments to the technical meeting.  The detailed meeting agenda is 

provided in Appendix A. 

Jonathan Herrmann 
EPA NHSRC 
The EPA NHSRC is doing pioneering work in the area of microbial risk assessment. In its 

research program, the NHSRC is working with other federal agencies, including DHS and CDC. 

The Agency is particularly interested in the topic of this meeting - addressing the human health 

effects of microbial exposure and of B. anthracis.  

Kevin Teichman 
EPA Office of Research and Development 
To the best of EPA ORD’s knowledge, there is no other research into low dose multiple daily 

exposures for B. anthracis. For that purpose, the microbial research program would seek to 

address the following key questions: 

• How do we provide crucial site-specific information after a biothreat release has occurred 

so people can know when it is safe to occupy spaces? 

• What is the variability and susceptibility in the human population? 

• Can we extrapolate from animal studies? 

• Are there biomarkers that can indicate infection? 

• In the absence of data, when can we use models to fill in the data gaps? 

Dr. Teichman asked the experts in attendance to help review the preliminary study results and 

conclusions and give guidance that will improve future work. Dr. Teichman also spoke from the 

perspective of a parent whose child was present during the ricin attack at the U.S. Senate 

building, highlighting the urgency of finding answers that will allow informed decision making 

during biothreat events. 
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Stephen Morse  
CDC National Center for Emerging and Zoonotic Infectious Diseases  
CDC has a longstanding working relationship with EPA, involving both joint research and 

interaction between the agencies on an emergency response network. When a biothreat event 

takes place, leaders will need to make decisions about whether to shelter or evacuate. They will 

also need to estimate the associated risks of clinical disease. “Zero risk” does not exist, and there 

are a number of issues involved in making reoccupation decisions, such as the insufficient 

understanding of the effects of multiple low dose exposures to spores. Through ongoing 

research, CDC hopes to generate the highest quality scientific data possible. Such data will help 

to develop risk-based approaches that support cleanup goals and subsequent reoccupation 

decisions.  Dr. Morse’s presentation slides are provided in Appendix D. 

Christopher Russell  
DHS Science and Technology Directorate 
Since 2003, EPA and DHS have undertaken a number of interagency exercises and joint projects 

in the DHS microbial response recovery portfolio. It is of utmost importance to understand the 

link between the environmental presence of a biothreat and the public health risk. The need to 

provide policymakers with information about the risks is also paramount. 
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Presentations Session I 
 

Preliminary Acute and Multiple Low Dose Exposure Studies 
Sarah Taft, Ph.D. 
EPA NHSRC 
In EPA’s studies of acute and multiple daily low dose B. anthracis exposures in New Zealand 

White (NZW) rabbits (EPA 2011a, 2011b), the research team’s main goal was to understand the 

human health effects of the microbial agents in order to support first responders, stakeholders, 

and decision makers in the case of an event. Understanding “how clean is clean” is critical to 

developing cleanup goals, detection limits, and treatment technologies. The team is taking a risk 

assessment approach to examine exposure pathways and make the connection to dose-response. 

When looking at the historical dose-response data, the team found that most of the research 

focused on very high acute exposure doses, and concluded that there was very limited inhalation 

B. anthracis dose-response data in the low dose range and for multiple daily exposure doses. 

NHSRC, in partnership with the Department of Defense and CDC, therefore conducted low dose 

exposure studies to determine whether the NZW rabbits would survive low dose exposures and, 

if so, what effects they would experience. The team began with an acute exposure study, and 

then conducted a multiple daily exposure study. In the acute study, all of the rabbits in the 

highest exposure group died, while none of those in the control or the two lowest exposure 

groups died (Figure 1). The NZW rabbits in the lowest dose groups experienced minimal 

suppurative inflammation and multi-nucleated giant cells in the lungs (Figure 2).  A few bacteria 

were also detected in the lungs during the histological examination of those receiving the higher 

of the two inhalation doses. It was unclear whether the appearance of the multi-nucleated giant 

cells indicated an adverse effect or a sign of immune response. 
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Figure 1. Acute exposure study survival statistics from Dr. Taft’s slide 8. 

 

 

Figure 2. Multi-nucleated giant cells in lung of rabbit from acute exposure study from Dr. 
Taft’s slide 14. 

In the multiple daily exposure study, NZW rabbits in the two highest dose groups died (Figure 

3). The team was only able to detect responses in the animals that died. There were, however, 

two rabbits in the highest dose groups with similar patterns – both became seriously ill but 

recovered, and both experienced seroconversion. The team was able to detect very few 
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measurable effects in the surviving groups, again noting the presence of the multi-nucleated giant 

cells.  

 

Figure 3. Multiple daily exposure study survival statistics from Dr. Taft’s slide 19. 

 

During the discussion, meeting attendees posed questions on the methodology and results of the 

studies, as well as on the behavior of B. anthracis, and made suggestions for future studies. Dr. 

Taft’s presentation slides are provided in Appendix D, and her responses to the questions and 

participants’ suggestions are summarized below. 

Methodology 

• Inhalation chambers: The inhalation chambers were muzzle-only rather than full body 

chambers. 

• Length of study: The post-exposure observation period of time between the last 

inhalation exposure dose and euthanasia was 21 days. If possible, the team would like to 

conduct future studies for a longer period, perhaps 60 days. 

• Particle size: The team measured the particle size of the microbes in the aerosol and 

found that they were around one micron. There are graphs in the study appendix 

containing the data on the exact distribution of the aerosol sizes. 

• Severity categories of effects: The pathology categories used were no effect, minimal, 

mild, moderate, and marked. 
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• Potential contamination: Although there was no explanation for the appearance of a 

spore on a plate in the control group, it was potentially due to contamination during the 

sample characterization. It is likely that any contamination occurred in the lab after the 

actual exposures. 

• Clinical observations: A chart of daily clinical observations is included in the study 

appendix. The team used professional judgment rather than a scoring system for the 

observations. 

• Liver enzymes: The team looked at the C-reactive protein (CRP) in the multiple low 

dose study, but did not do a full clinical chemistry because the analysis of the liver 

enzymes in the acute study was not complete when the team designed the multiple low 

dose study. In retrospect, there were very slight increases in liver enzymes that could be 

considered in a future study.  

• Rinse step: It was noted that it might be beneficial to rinse the impinger instrument with 

a sterile wash to get a more accurate environmental spore concentration measurement. 

• Health of rabbits: The NZW rabbits were from Covance (Princeton, NJ) and were 

categorized as pathogen-free, although they are only tested for certain pathogens. The 

study team tested separately for Bordetella bronchiseptica. They also examined all the 

responses for a match to Bordetalla status but did not find a correlation. It did not appear 

to affect the results in terms of survival outcome. In the multiple low dose study, all the 

rabbits were negative for Bordetalla.  

• Blood collection: In the first study, some rabbits had malfunctioning ports, so the team 

moved them to the control group. The team instead collected blood from the ear. Dr. Taft 

acknowledged that this was a problem for the acute study. For the multiple low dose 

study, researchers first performed a pilot study on port placement to identify an 

alternative location for the ports. 

• Irradiated spores for control group: In preliminary studies, the team used the irradiated 

killed spores as a control group and observed lung foci. They therefore decided to repeat 

the use of irradiated spores in the next study to observe the difference between the 

virulent and non-virulent spores. 
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• Baseline: The telemetry results obtained a week before the first challenge were averaged 

for the baseline measurements. Many of the blood parameters were within the normal 

ranges established by historical studies and assays specifications. 

• Frequency of monitoring: The team monitored the NZW rabbits at least twice daily. At 

times, they found the rabbits dead and would attempt to get a terminal bleed, but 

sometimes it was not possible to do so. Although the team did not always know exactly 

when the animal died, they can make a good estimate because telemetry data was taken 

every 15 minutes. 

• Variability in animals: A participant commented on the enormous complexity of gut 

interactions, noting that some of the variability between animals and studies could be due 

to factors outside of the respiratory system entirely. 

Behavior of B. anthracis 

• Deposition of spores: The EPA team did not look at deposition in these studies, although 

it had been done in previous work co-funded by EPA at the Lovelace Respiratory 

Research Institute (Albuquerque, NM). This research indicated that one would normally 

expect to see five percent of the inhaled viable deposited dose in the lungs, although the 

studies used high spore dosages. In the current studies, the team estimated the inhaled 

dose based on real-time plethysmography monitoring in the chamber and the breathing 

rate.  

• Latency of anthrax: There are hypotheses that B. anthracis can remain dormant in the 

lungs 60 to 90 days before it germinates. There are estimates from the Sverdlovsk 1979 

accidental anthrax release of an approximate ten day incubation period (Brookmeyer et 

al., 2005), but the data are uncertain because symptoms in victims occurred up to six 

weeks after reported exposure (Barlett et al., 2002). Extrapolating that data to what is 

known about particle retention in various species, the clearance estimate extends out to 

100 days or more. There are some reports of animals having died up to 100 days post 

exposure (Cieslak et al., 1999). Animals can only achieve such long survival windows if 

researchers intervene, however. The 1956 Henderson study showed that spores may 

remain in the lungs for up to a year after exposure. They were inert in the presence of 
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antibiotics; however, if the animals were taken off the antibiotics, some of them 

experienced infection many days after exposure. 

• Tolerable/no effect level: There are studies indicating a tolerable or no effect level for B. 

anthracis. These studies (Albrink et al., 1960; Brachman et al., 1960; Dahlgren et al., 

1960; Brachman et al., 1962; Cohen and Whalen 2007) are retrospective epidemiologic 

studies conducted in occupational settings (mills importing contaminated goat hair from 

hyperendemic regions). These studies estimated inhaled doses from 500-700 spores per 

day. 

Results 

• Timeframe of parameters: The summary tables indicate whether there were changes or 

measures above normal values on any of the study days. In most cases, the parameters 

became detectable two days before the animal died.  

• Seroconversion: There was no detectable seroconversion in the acute exposure study. In 

the multiple low dose study, the team did not observe seroconversion in the survivors at 

the lower doses. For the two animals that did seroconvert, anthrax toxin-specific 

antibodies were detected between days 18 and 25. The rabbits continued to receive 

exposures after they became ill on day 18. The team began detecting the changes in the 

parameters, including the white blood cell count, for these rabbits when they got sick; the 

team then detected seroconversion two days later. Time course charts and antibody 

measurements for the surviving rabbits are included in the report. 

• Bacteremia: Bacteremia was detected in the rabbits’ blood right before they died or 

around day 18 for the survivors in the multiple exposure study. The surviving rabbits 

began to look sick around the time bacteremia was detected. 

• Cumulative or peak effect: How the multiple doses interact and whether they are 

independent or dependent of each other is unknown.  

• Pathology: While the summary presentation focused on the surviving animals and the 

dose groups with minimal effects, the researchers also collected pathology data for all the 

animals that died during the study. The findings are consistent with anthrax disease in 

rabbits include hemorrhage, necrosis, respiratory failure, and heart failure. 
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Future studies 

• Other tissues: Participants suggested looking at other tissues in future studies, including 

the liver, spleen, and upper respiratory system. Dr. Taft informed the group that around 

5,000 tissues were preserved from the study for future investigation. 

 
Anthrax Lethal Factor Quantification: Summary for EPA Spore Exposure Dose Studies 
Anne E. Boyer, Ph.D. 
CDC National Center for Environmental Health 
In comparing spore exposure dose studies in non-human primates and the studies of NZW 

rabbits, Dr. Boyer concluded that the anthrax toxin lethal factor (LF) assay is an effective assay 

at detecting infection because LF was detected in all the animals that died, as well as in one 

rabbit that became ill but recovered. In eight of ten rabbits that died, anthrax toxin protective 

antigen (PA) was detected later in the course of the infection and at higher levels than LF. 

Therefore, for spore exposures that may lead to illness and death, LF provided the earliest and 

most consistent measure of illness. Although LF levels in early illness appear to correlate with 

spore dose, greater numbers are needed to confirm this observation (Figure 4).  Dr. Boyer’s 

presentation slides are provided in Appendix D. 

 

Figure 4. Geometric mean concentrations of lethal factor (LF) and protective antigen (PA) 
for acute exposure study from Dr. Boyer’s slide 17. 
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Questions and Answers 
Dr. Boyer responded to meeting participants’ questions as follows: 

• Length of study: The study of non-human primates lasted 35 days and the animals were 

not terminated at the end, but moved on to other studies. 

• Sensitivity of assays: LF might be observed earlier due to a combination of the 

sensitivity of the assay used to detect it and the kinetics of the toxin in the blood. PA 

might be taken up more rapidly and intracellularly, preventing researchers from detecting 

it as quickly. 

• Triphasic kinetics: Referring to the triphasic kinetics of LF, a participant asked whether 

the distribution of LF had been examined. Dr. Boyer responded that the LF results were 

primarily in the blood, not what has been taken up in cells. She has not looked at other 

species, so it is an open question and researchers are just beginning to look at LF in other 

areas. 

• LF results for survivors: The LF results for survivors were all negative in the first 

study. In the second study, there was one positive for LF and PA in one of the animals 

that became sick. 

Spore Carbohydrate Antigens: Markers of Aerosol Exposure to Bacillus anthracis Ames in 
Animal Models 
Conrad P. Quinn, Ph.D. 
CDC National Center for Immunization and Respiratory Diseases 
CDC’s research was driven by the need for biomarkers of disease and exposure that will better 

inform responses in an emergency event. The objective of the study was to provide high-

specificity, high-sensitivity tests to identify personnel who are exposed to B. anthracis. Dr. 

Quinn’s research lab is investigating the host’s immune responses to the Bacillus collagen-like 

protein of anthracis (BclA) on the spore coat to serve as a biomarker of exposure. The NZW 

rabbit serra from both the acute and multiple exposure low dose studies were tested for 

antibodies to BclA, but showed no obvious dose-response relationship (Figure 5). Given that 

both live and killed spores interact with the mucosa-associated lymphoid tissue of the host, spore 

carbohydrate antigens have potential as a biomarker for spore contamination in asymptomatic 

individuals. The outstanding issue is to determine how to measure that response.  Dr. Quinn’s 

presentation slides are provided in Appendix D. 
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Figure 5. Rabbit anti-BclA IgM responses for the positive and negative control groups in 
the acute exposure study from Dr. Quinn’s slides 16 and 21. 

Questions and Answers 

Dr. Quinn then responded to participants’ questions: 

• Strain-specific responses: It is likely that there are animal strain-specific responses; 

therefore, it is important to keep an open mind when reviewing the data. 

• B. subtilis BclA: A participant mentioned that BclA might not be specific for B. 

anthracis and also part of the spore coats of B. subtilis which can be present in high 

concentrations as part of the rabbit natural flora. Dr. Quinn acknowledged that although 

the antigen was once thought to be exclusive to B. anthracis, that may not be the case, 

and BclA of B. subtilis could also be contributing factors to the data results. 
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Small Group Discussions I 
 

This section of the report draws out some common themes that emerged from the plenary 

discussion and in the small group discussions from the first day related to the study design, 

methodology, and results of the low dose exposure studies. In the small groups, participants were 

given a set of discussion questions (see Appendix B). 

 

Study Design and Methodology 

None of the meeting participants identified other multiple daily inhalation exposure studies for 

EPA to consider in the assessment of the subchronic and chronic health effects of B. anthracis 

exposure, though some offered ideas of other studies that could help EPA better design future 

studies. These included: 

• toxicokinetics and toxicodynamics studies 

•  models or examples that can be adopted from the chemical field 

•  the biomarkers in the 2009 Sela-Abramovich paper (although not a low dose study, it 

could still be useful) 

• epidemiological studies of those exposed to B. anthracis 

For the study design, meeting participants identified the sample population as a concern, due to 

the small sample number and the homogenous composition of the sample. EPA could design 

future studies to take into account population variability, such as age, relative health, and gender. 

Despite the resource limitations EPA faces in designing these studies, participants recommended 

an increased sample number not only to improve statistical relevance, but also to provide animals 

for additional controls (e.g., process control, non-spore negative control), test groups (e.g., 

increase the number of dosage levels, increase the number of low dose doses), and for sacrificial 

animals prior to death. 

Furthermore, EPA could include or consider in future studies some additional variables that 

could affect the study outcome:  

• activity level of the study animals 

• exposure to different particle sizes 
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• different portals of entry 

• rinsing the sampler between experiments 

• using different spore strains 

During the small group discussions meeting attendees raised a number of questions related to the 

study design and data presented, including: 

• What is meant by “deep lung”? 

• What are the definitions for “infection” and “illness”? What other endpoints were 

measured for which no data have been reported? 

Although the studies measured the exposure dose, they did not determine the retained dose. 

Several individuals suggested that in future studies, EPA determine the relative deposition of B. 

anthracis in various regions of the respiratory tract.  

Some additional questions that individuals raised included: 

• Do other factors enter into estimating risk from multiple exposures? 

• How are biomarkers linked to adverse effects? 

• When does infection lead to an illness? 

 

Results from the NHSRC Studies 

There was some discussion on what type of effect qualifies as “adverse.” Some participants 

believed that any effect or alteration in the study animal could be considered adverse as it is not a 

normal response. One small group observed that even a transient response may provide a 

window of vulnerability for a more adverse response, and that adversity could also be a function 

of the period of time a study animal is affected by low-level alterations. Some other participants 

noted that effects, while potentially adverse, are not necessarily so and could instead be transient, 

reversible, or adaptive (e.g., increased heart rate). The preliminary studies did not identify a 

measurable adverse endpoint for pre-illness, only some indicators post-illness. 

Participants were unable to draw conclusions on adverse effects from the studies for a variety of 

reasons, including: 

• The data presented do not convey the temporal dimension for each observed response. 

• The study period was not long enough. 
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• An insufficient number of endpoints were measured. 

• There were an insufficient number of sick survivors. 

Several individuals suggested that the raw data need to be analyzed further to determine each 

observed response’s temporal dimension. Some noted that the presence of the multi-nucleated 

cells possibly represented an adverse effect, but the data were insufficient to determine if (a) 

these multi-nucleated cells were adverse, or (b) if these multi-nucleated cells were the direct 

result of B. anthracis infection. One meeting participant expressed the opinion that as these cells 

were not normal, they should be further investigated to determine if they are adverse, and if they 

are an effect that could be seen in humans. 

A few groups added that, except for mortality, there was no obvious dose-response for any 

adverse effect. Some did list factors that appeared to be indicative of anthrax disease; these 

included temperature, bacteremia, toxemia, seroconversion, and PA levels. One group also 

observed that there was some indication of a dose-response in the lung pathology, but it was not 

an effect that can be correlated with B. anthracis exposure. One group observed that the most 

promising biomarker appears to be LF, noting it appeared to be sensitive, and the least invasive 

to measure. 
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Presentations Session II 

Future Multiple Daily Low Dose Bacillus anthracis Ames Inhalation Exposures in the 
Rabbit Designs 
Sarah Taft, Ph.D. 
EPA NHSRC 

The ultimate goal of the multiple low dose exposure studies and future follow-on studies is to 

extrapolate from the rabbit dose-response to humans. Researchers are currently conducting a 

significant amount of physiological modeling work to estimate human responses to different 

doses. In the case of a biothreat event, that information would inform on-the-ground responders 

and decision makers on the probability of exposure, disease, and mortality in light of site-specific 

characteristics.  

The EPA is developing a two-to-three year plan for further study and activities. Given that EPA 

has limited resources for conducting further studies, the Agency must prioritize which studies it 

will carry out. From the Agency’s point of view, the multiple exposure studies are the most 

relevant. Given that there are no standard protocols for microbial health effects testing for 

multiple inhalation exposure, the Agency plans to first look at the existing standards and codes 

for testing chemical toxicity. EPA is still in the early planning stages for future animal studies, 

and welcomes further ideas and input on prioritizing its activities.  Please send any comments to 

Sarah Taft, 26 W. Martin Luther King Drive, MS NG16, Cincinnati, OH 45268, 513-569-7037, 

Taft.Sarah@epa.gov.  Dr. Taft’s second set of presentation slides can be found at the end of 

Appendix D. 

 

Pathogenesis of Bacillus anthracis 
Crystal Briscoe, Ph.D. 
Battelle 

To give context to the discussion of the inhalation exposure study results, Dr. Briscoe gave a 

brief overview of the pathogenesis of B. anthracis, drawing on a paper by N.A. Twenhafel 

(Twenhafel 2010) to illustrate her points. In order to interpret results of the studies, the 

framework, outlined in Lewis et al. (2002) circulated to participants prior to the meeting, is 

applicable. The significance of the multi-nucleated giant cells and macrophages is an outstanding 

question that is important to investigate further. 

mailto:Taft.Sarah@epa.gov
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Small Group Discussions II 
 

On the second day, the meeting participants once again broke into smaller groups to discuss 

options for future studies. The participants received a second set of discussion questions (see 

Appendix B) regarding the future studies, and a reporter from each group presented the 

highlights and conclusions from each group’s deliberations back to the plenary. This section of 

the report draws out some common themes that emerged from the plenary discussion and the 

small group discussions. 

 
Short-Term Activities 

In their discussions for follow-on to the NHSRC studies, the groups offered suggestions of 

activities EPA should undertake prior to designing future studies that could help to inform the 

future study designs. The meeting participants suggested that EPA first look at the data and 

samples collected from the acute and multiple low dose studies to determine if any effects were 

overlooked. Several groups observed that the Agency had existing samples from the NZW 

rabbits used in the exposure studies and could perform further pathology and histology 

characterization on those tissues. One group suggested EPA then uses the results from those 

additional examinations to compare what is known about anthrax pathology in other animal 

models. Another group noted that additional pathology could help identify the most sensitive 

target organs. 

The meeting participants also recommended EPA further analyze the existing data from the 

preliminary rabbit studies in order to determine if any other effects were overlooked. One group 

suggested including LF into the summary table of effects. Further data analysis could inform 

future study design as well. One group suggested that from the existing data, EPA could identify 

the suite of endpoints, including invasive measures, pathology, presence of organism and graded 

clinical observations, and assign each study animal a severity score. The score would allow for a 

cross-study categorical regression-assisted estimate of the dose associated with non-lethal 

response. 
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Participants identified other studies that EPA could use to inform future studies. One group 

suggested the Agency look at studies that measure the kinetics of infection in different species to 

help with the interspecies extrapolation of the data. Another group suggested EPA look at the 

available human data, such as the Doolan study of human cellular immune reactions in multiple 

exposure groups in and outside the Hart Senate Office Building, and the isolated perfused lung 

and cadaver and virtual lung studies/projects. Several groups suggested that EPA also compare 

the results from the current rabbit studies to other previous animal studies. 

Some of the groups also recommended EPA conduct additional modeling before progressing to 

additional studies, in order to explore simulated time intervals and dose levels that will better 

predict internal doses and infection, illness, severity of illness, and fatality. One group suggested 

EPA compare the existing models and data, and use those to predict the study results, which 

researchers can, in turn, use to improve and validate the model.  

In order to inform future studies, groups advised that it would be useful to arrive at a better 

characterization of the retained dose in the NZW rabbits, as well as an improved understanding 

of the effects of multiple doses in the rabbit system and the risks of different portals of entry.  

Furthermore, to help determine future study design and methodology, EPA should first consider 

these questions:  

• What questions do the studies seek to answer? 

• What are the data quality objectives? 

Some groups suggested that when planning future studies, EPA should consider the real-life 

scenarios that the study results would inform, and in particular the risks associated with different 

types (e.g., ingestion, cutaneous, inhalation) and levels (most likely low-level following an 

attack) of exposure. While inhalation exposure may be the most dangerous infection pathway, 

other routes may be more likely and pose more risk. 

Finally, one group noted that there are other federal agencies that might be interested in the 

outcome of future studies and could collaborate and share expenses with EPA. 
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Future Studies 

In addition to the short-term activities detailed above, the groups also generated ideas for future 

follow-up studies. The groups identified objectives that EPA should pursue with these studies, 

including: 

• Identify reliable and sensitive biomarkers for infection, not just physiological and 

hematologic responses. 

• Develop a better characterization of the disease model, responses, and natural history of 

anthrax in experimental animals. 

• Determine differences between species and responding groups to better extrapolate to the 

human model. 

The groups expressed two principal suggestions for characteristics of study design and 

methodology: (1) increase sample size; and (2) lengthen the monitoring period post-exposure. 

(1) A number of groups noted that a larger sample size would better enable EPA to 

determine an obvious dose response and account for any outliers. As mentioned 

previously, groups identified additional control groups that would be useful to include in 

future studies, which would increase the sample size. The meeting participants discussed 

the exact number of experimental animals to include in each control and dose group. One 

group suggested at least three to five animals per gender, per group, per sample 

collection, with additional sacrificial animals. Another group concluded there should be a 

minimum of 15 animals if sequential lavages are performed on a subset. A number of 

individuals suggested that EPA perform a statistical analysis (i.e., a statistical power 

determination) to inform study size.  

Another recommendation related to increasing sample size was that of increasing the 

variability of the study population, particularly to determine the susceptibility of 

vulnerable populations. One group suggested that EPA design future studies to predict 

the dose response for such populations, such as the elderly, neonates, and the immuno-

compromised. Another group noted that EPA can use animal models, such as guinea pig 

and rabbit, to identify additional relevant “uncertainty factors” that may affect 

susceptibility – such as age, underlying health status, vaccinations, and stress. In addition, 
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studies with immunocompetent and immunocompromised animal models could inform 

inter- and intra-species extrapolations for more sensitive subpopulations. Increasing the 

population variability would call for a substantial increase in the total sample size to 

balance that variability.  

(2) Each group observed that the study animals should be monitored for a longer period of 

time following the last exposure dose, citing ranges between 30 and 90 days. One group 

suggested that EPA expose study animals to doses that were lethal in the 15-day study 

over a period of 60 to 90 days in order to estimate a level of clearance for the spores. The 

goals of the exercise would be to determine if there is any immune or adaptive response 

to the infection and to gain more information on latent infections.  

With regard to the existing assays, two groups suggested that the C-reactive protein (CRP) test 

does not appear to be useful, and could be excluded from future studies. Another group 

disagreed, however, stating that none of the markers should be dropped. The group noted that 

although some assays were not particularly sensitive in the preliminary studies, they could prove 

useful with a larger sample size or with a different animal model. 

Individual participants identified a number of additional assays and tests that EPA could 

incorporate into future studies: 

• additional low-cost diagnostic tests such as LF and BclA 

• vehicle and route control to help determine the relevance of multi-nucleated cells 

• in vitro or in vivo tests to determine whether gene expression or other molecular 

assessments could be used 

• re-exposing surviving animals 90 days post-exposure 

The groups expressed the view that future studies should include a greater number of, and more 

involved, pathology of the study animals. As anthrax is a systemic disease, a full pathology and 

histopathology examination should be carried out. Other groups identified specific tissues which 

should be tested, including the spleen, lung lymphoid tissues, hematology, heart, and liver. One 

group added that it was important to include the pathology of animals that were not sick although 

they had been exposed at low doses. Several groups suggested including sacrificial animals in 

each study group for the purpose of conducting pathology examinations throughout the study to 



20 
 

seek early evidence of subclinical or active infection and to learn more about how the disease 

progresses. One group suggested EPA consider engineering green fluorescent protein into the 

organism to aid in detection, similar to the engineered strain developed in Glomski et al. (2007a-

c) for use in the murine model. 

The ultimate objective of these studies would be to extrapolate to the human model. Specific 

suggestions to incorporate this goal into the study design included using dynamic models for 

pathogens and designing mechanistic and target organ assays to identify specific markers, which 

would be linked to animal to human studies. While the rabbit model was adequate for certain 

endpoints, meeting participants suggested EPA also consider what information could be obtained 

from other animal models and in vitro studies with human tissues (e.g., Ruthel et al., 2004) in 

order to determine which species might be best for extrapolation to humans. 
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Conclusions and Next Steps 
This report was prepared as a summary of the presentations and discussions held at the EPA 

NHSRC Review and Design of Low Dose Bacillus anthracis Inhalation Exposures meeting, July 

27 – 28, 2011. Participants at the meeting reviewed the preliminary acute and multiple low dose 

exposure studies, identified strengths and weaknesses of the current study approach, and offered 

input to the design of follow-on subchronic low dose exposure studies. This report captures the 

main points and highlights of the meeting, but does not embellish, interpret, or enlarge upon 

matters that were incomplete or unclear. EPA was not seeking consensus decisions but rather 

hoped to solicit the views of individual experts to help the Agency develop its future research 

agenda. Although EPA hosted this meeting, the discussions presented here actually benefit the 

mission of many different agencies and organizations and will advance the science forward.  

In terms of next steps, EPA is developing a two-to-three year plan for further study and 

activities. The Agency is still in the early planning stages for future animal studies and welcomes 

further ideas and input. Please send any comments to Sarah Taft, 26 W. Martin Luther King 

Drive, MS NG16, Cincinnati, OH 45268, 513-569-7037, Taft.Sarah@epa.gov. 
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Appendix A: Meeting Agenda 
 

AGENDA  
Review and Design of Low Dose Bacillus anthracis Inhalation Exposures 

Andrew W. Breidenbach Environmental Research Center (Rooms 130/138), Cincinnati, OH 
July 27 and 28, 2011 

 
Due to renovations, the Main Lobby Entrance directly across from the hotel is closed, so please 
come around to the back side of the building and enter via the Annex Entrance.  
 
Meeting Goals:  

• Review preliminary acute and multiple low dose exposure studies  
• Identify strengths and weaknesses of current approach 
• Design follow-on subchronic low dose exposure studies 

 
Wednesday, July 27 

8:00 a.m.  Registration and Coffee. Registration desk is located outside of Room 130.  

9:00 a.m. Introductions and Opening Comments 

 Tonya Nichols, EPA National Homeland Security Research Center 

 Jonathan Herrmann, EPA National Homeland Security Research Center 

 Kevin Teichman, EPA Office of Research and Development 

 Stephen Morse, CDC National Center for Emerging and Zoonotic 
Infectious Diseases 

 Christopher Russell, DHS Science and Technology Directorate 

10:00 a.m. Agenda and Logistics Review 

 Kristi Parker Celico, Meeting Facilitator, Resolve 

10:05 a.m. Preliminary acute and multiple low dose exposure studies  

 Sarah Taft, EPA National Homeland Security Research Center 

 Anne Boyer, CDC National Center for Environmental Health 

 Conrad Quinn, CDC National Center for Immunization and Respiratory 
Diseases 

10:45 a.m. Coffee Break 



25 
 

11:00 a.m.  Question and Answer Period 

12:30 p.m. Lunch Break 

1:45 p.m. Small Groups Discussion  

  Group 1 Panelist: Margaret Coleman, Coleman Scientific 

  Group 2 Panelist: Charles Haas, Drexel University 

  Group 3 Panelist: Mary Alice Smith, University of Georgia 

  Group 4 Panelist: Paul Hinderliter, Battelle Memorial Institute 

3:00 p.m.  Coffee Break 

3:15 p.m. Continued Small Groups Discussion 

4:00 p.m. Report Backs from Small Groups and Discussion of Next Steps 

5:00 p.m. Adjourn for day 

6:30 p.m. Group Dinner at Kingsgate Marriott’s Caminetto 
 
Thursday, July 28 
 
Please note that hotel check-out time is at 12 noon.  

8:00 a.m. Coffee 

8:30 a.m. Summary of First Day Discussions 

8:45 a.m. Options for Follow-on Studies 

9:00 a.m. Small Groups Discussion 

10:00 a.m.  Coffee Break 

10:15 a.m. Continued Small Groups Discussion 

11:00 a.m. Report Backs from Small Groups 

12:00 p.m. Lessons Learned and Next Steps 

12:30 p.m. Adjournment of meeting 
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Appendix B: Small Group Questions 
Small Group Day I Discussion Questions: 

Are there any additional multiple daily inhalation exposure studies that should be considered in 
the assessment of the subchronic/chronic health effects of B. anthracis? 

What are the weaknesses or gaps in the design and/or methodology for the rabbit exposure 
studies? 

Utilizing the Lewis et al. (2002) framework for evaluating adverse effects, which of the 
measured physiological responses in the multiple daily inhalation exposure rabbit study would 
you consider to be effects of B. anthracis infection/illness and to be adverse? 

To determine if an effect is due to B. anthracis infection/illness: 

Is there an obvious dose-response? 

Is the effect due to findings in one or more rabbits that could be considered 
outliers? 

Is the effect within normal biological variation (i.e. within the range of historical 
control or reference values)? (What are the most appropriate designs to capture 
variation?) 

Is there a lack of biological plausibility (i.e. lack of direct causal-connection of B. 
anthracis infection and measured responses)? 

To determine if an effect is adverse: 

Could there be any alteration in the general function of the organ/tissue affected? 

Is the response adaptive? 

Is the response transient? 

Is the effect isolated or independent (i.e., changes in other parameters usually 
associated with the effect of concern are not observed)? 

Is the effect a consequence of the rabbit model and/or associated study design? 

Do you believe risk is a function of dose for anthrax disease? Or, is inhalational anthrax more 
dose-independent? 
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Small Group Day II Discussion Questions: 

Based on yesterday’s data review for the preliminary studies, what measurable endpoint and 
associated assay is the most important to determine if there are any adverse effects from multiple 
low doses of B. anthracis? 

Are there any of the tests or assays used in the preliminary study that you would not recommend 
using in the next study? 

What additional characterization tests or assays would you recommend for the next study? 

How much pathology and histology should be conducted?  

 

What is the most appropriate exposure design and duration to evaluate subchronic/chronic effects 
of B. anthracis inhalation exposure in the rabbit model? 

How many rabbits are required per dose group to achieve greater statistical power and decrease 
confidence intervals in subsequent dose-response modeling? 

How long should the rabbits be monitored after the last exposure dose? 

 

What other considerations should be examined? 

What in vitro tests could be conducted to help decrease the uncertainty from the rabbit to human 
interspecies data extrapolation? 
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Options for Follow-on Studies 
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