Risk-based decision making for reoccupation of contaminated areas following a wide-area anthrax
release
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ABSTRACT
This paper presents an analysis of post-attack response strategies to mitigate the risks of reoccupying contaminated areas following a wide-area outdoor release of Bacillus anthracis spores (the
bacterium responsible for causing anthrax) in an urban setting. The analysis is based on a hypothetical
attack scenario in which individuals are exposed to B. anthracis spores during an initial aerosol release
and then placed on prophylactic antibiotics that successfully protect them against the initial aerosol
exposure. The risk from re-occupying buildings contaminated with spores due to their re-aerosolization
and inhalation is then evaluated. The response options considered include: decontamination of the
buildings, vaccination of individuals re-occupying the buildings, extended evacuation of individuals from
the contaminated buildings, and combinations of these options. The study uses a decision tree to
estimate the costs and benefits of alternative response strategies across a range of exposure risks.
Results for best estimates of model inputs suggest that the most cost-effective response for high-risk
scenarios (individual chance of infection exceeding 11%) consists of evacuation and building
decontamination. For infection risks between 4% and 11%, the preferred option is to evacuate for a
short period, vaccinate, and then re-occupy once the vaccine has taken effect. For risks between 0.003%
and 4% the preferred option is to vaccinate only. For risks below 0.003%, none of the mitigation actions
have positive expected monetary benefits. A sensitivity analysis indicates that for high infection
likelihood scenarios, vaccination is recommended in the case where decontamination efficacy is less
than 99.99%.
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1.

INTRODUCTION
In the 2001 “Amerithrax” incidents, in which Bacillus anthracis spores were mailed to multiple

addresses via the postal service, most of the acute risk was due to the initial exposure to aerosolized
spores. However, bio-attacks also contaminate surfaces in the environment, which contributes may
presentcontribute to long-term re-aerosolization risk if not remediated. (1) Because spores are highly
persistent in the environment, contaminated areas may need to be decontaminated before being
reoccupied. (2, 3) Estimates for the decontamination and other direct costs for the 2001 attacks range
from approximately $500K for the U.S. Department of Justice mail facility to $200M for the Brentwood
and Trenton Mail Processing and Distribution Centers. (4, 5) Other studies have estimated the entire
cost of decontamination at $320M. (6) Given the high levels of contamination at these sites, the
aggressive response appears to (6)have been justified. (7) However, a wide-area release of Bacillus
anthracis spores would likely result in a gradient of contamination from high levels in the immediate
area of the release to progressively lower levels as the distance from the release increases. Aggressive
response actions cannot be taken at all potentially contaminated locations. Thus, it will be necessary to
identify switchover points where less aggressive actions should be taken, as well as a point below which
the risk is considered too small to warrant a response.
Several previous studies have considered the policy decisions which must be made following such
an event, and in general, agree that determining the appropriate response to an attack is a difficult task
given the complexity of the situation and its inherent uncertainties. (8, 9) Fowler et al. utilized a decision
model to assess the results of prevention and response policies for an anthrax attack in an urban area.
The model considered four “post-attack” strategies (including no vaccination, vaccination, antibiotics,
and vaccination plus antibiotics) and two “pre-attack” strategies (no vaccination or vaccination) were
considered. They determined that the optimal strategy from a cost-benefit perspective was the
combined administration of post-attack antibiotics and post-attack vaccination. This is in general
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agreement with work by Schmitt et al. (10), who determined that post-attack antibiotics and vaccination
was more cost-effective than pre-attack antibiotics. Baccam and Boechler (11) compared pre-attack and
post-attack vaccination strategies following an anthrax attack and found that in either case, a rapid postexposure prophylaxis (PEP) response is critical for reducing the number of casualties. Brookmeyer et al.
modeled the outcomes of possible response strategies to an anthrax release and concluded that
initiation of antibiotic treatment to potentially-exposed individuals within six days would prevent at
most 70% of cases. (12) The addition of vaccination slightly improved this outcome. (12)Others have
modeled the placement of medical dispensing points following an anthrax attack (13), the importance of
prophylactic antibiotics administered quickly following an attack (14), and the logistics of
pharmaceutical deployment. (15, 16) Kyriacou et al. (17) modeled a hypothetical wide-area anthrax
release in Chicago using Markov decision models and compared response tactics which were initiated
two days after the attack or five days after the attack. Using guidance from the Anthrax Modeling
Working Group (18), post-attack options included (1) antibiotics and (2) vaccination. Tactics which
incorporated a pre-attack measure included (1) pre-attack vaccination of the entire metropolitan
population with post-attack antibiotics for everyone exposed, and (2) pre-attack vaccination of the
entire metropolitan population with post-attack antibiotics and vaccination of everyone exposed.
Results of the analysis were in agreement with the US government’s strategy to administer post-attack
antibiotics and vaccination to all exposed individuals within 2 days after the detection of the attack.
Research on the post-attack recovery process has also been performed by several joint government
agency efforts, focusing on developing guidance for different stakeholder groups following a wide-area
attack. These include the Interagency Biological Restoration Demonstration (IBRD) project, which ran
from 2007 through 2010 as a joint effort between the Department of Defense and the Department of
Homeland Security, and the Wide Area Recovery and Resiliency Program (WARRP), which ran from 2011
through 2013. (19) The IBRD project produced guidance that may be useful to a number of stakeholder

4

groups following an attack, including a methodology to select an appropriate form of decontamination
and an investigation of the challenges posed by anthrax-contaminated waste. (3, 20-23) Another
project, the Bio-response Operational Testing and Evaluation (BOTE) project, was undertaken by the EPA
in 2011 as a set of field exercises to test sampling and decontamination methods. (24)

(19)(20)

While many studies assume evacuation of contaminated areas after an attack, the costs and
benefits of evacuation as a response to a bioterrorism incident have been less thoroughly studied than
vaccination and antibiotic treatment. However, evacuation has been studied as a response to other
(non-bioterrorism) hazards. Sorensen et al. (25) evaluated the factors that determine whether
evacuation or sheltering-in-place is more effective following an airborne hazardous chemical release,
considering the characteristics of the chemical released, current weather conditions, the type of
buildings near the release, and other factors. It was determined that although the decision is very rarely
simple, there are situations in which one option is clearly preferred over the other. The most relevant of
these situations to an anthrax release include: 1) evacuation is preferred when it can be completed prior
to plume arrival; and 2) when such an evacuation could not be conducted in time, sheltering in place is
the default. Even in urban areas that have biosensor networks installed, it seems unlikely that an
anthrax release would be detected and verified in enough time to evacuate people near the point of
release, and without rapid biosensors, it may be days before the nature of a release is confirmed. This
means that in any typical urban area, some people could enter and exit the contamination zone several
times before the attack had been detected. Thus, for anthrax the decision to evacuate is not typically
driven by the initial human exposure but by the risk presented by re-aerosolization of spores.
While these previous studies contribute to understanding appropriate response options, they
generally have not explicitly identified switchover points at which different response actions are
warranted. One that did conduct such an analysis was an analysis by Mitchell-Blackwood et al. (26) that
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applied a cost-benefit analysis to three post-attack managerial decisions: (a) whether to administer
prophylactic antibiotics, (b) whether to vaccinate individuals, and (c) whether to decontaminate the
building. A decision model was developed that compared the expected outcome of each response
option against the expected outcome of a no action alternative, as a function of the risk. The point at
which the expected values of the action/no action alternatives were equal was determined and
proposed as a potential threshold below which response actions were not justified based on their
expense and possible side effects. For antibiotic treatment, this risk threshold was 1 infection per 6,500
people; for vaccination, 1 infection per 7,100 people, and for building decontamination 1 infection per
32 people. The study of Mitchell-Blackwood et al. did not consider short-term evacuation as a response
option and did not consider combinations of different response options. The analysis presented in this
paper extends the work of Mitchell-Blackwood et al. to include evacuation, and develops an integrated
response model that considers the value of evacuation in the context of other possible responses,
including antibiotic prophylaxis, vaccination, building decontamination, and combinations thereof.
Values for the cost and effectiveness of these options were taken from the literature (27) and the
scenarios were analyzed with a decision tree to produce expected values of different options as a
function of risk. Preferred responses (i.e., those with the lowest expected cost per person) were
identified for different infection-probability levels.
The risk of developing inhalation anthrax due to re-aerosolized B. anthracis spores is not well
characterized in the literature, and many experts disagree on whether or not re-aerosolized spores pose
a significant health threat. A lack of empirical data has made this question harder to answerdifficult to
quantify. Recently ait has been argued that it is not a problem given that probable exposure to reaerosolized spores in a Belgian wool-sorting factory caused asymptomatic infection among exposed
workers, but no actual cases. (28) Others have made similar arguments by pointing to historical records
fromIn the early 20th century and noting that textile mill employees were likely exposed to hundreds of
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anthrax spores on a routine basis and yet very few cases of inhalational anthrax were reported. (29, 30)
In response to a reported inhalation anthrax fatality in New Hampshire in 1957, Dahlgren et al. (1960)
investigated a goat-hair processing mill and determined that that up to 1300 B. anthracis spores may be
inhaled over the course of 8 hours without causing illness. (30)
While it may be difficult to quantify, the risk presented by residual contamination with B.
anthracis spores has been taken very seriously and resulted in the long-term closure of facilities and
expensive decontamination efforts after the 2001 attacks. (31)contrast, other analyses have indicated
that it is not advisable to ignore risk due to re-aerosolization. In the case of the American Media Inc.
(AMI) building (contaminated during the 2001 attacks), an analysis by the National Resource Council
noted that the observed outcome was consistent with the re-aerosolization of spores in the building
(although fewer cases were reported than models would have predicted, this figure was not outside the
distribution of predicted values). (31) Two papers examining the 2001 attacks determined that reaerosolization of spores was associated with active movement in previously-contaminated offices (1)
and with the operation of a previously-contaminated mail-sorting machine. (32) Empirical studies using
simulants have showed that spores can infiltrate buildings from outside, (33) and that spores can be reaerosolized in HVAC ductwork. (34) Others have linked the amount of residual contamination within a
building to corresponding risk levels. (7) In a recent review article, Layshock et al. (2012) concluded that
there is unambiguous evidence that Bacillus spp. are “... re-aerosolized by wind under ambient
conditions, by pedestrian or vehicle traffic, and by other types of mechanical action.” (35)
It is important to note that tThe dose-response (DR) relationship for inhalation anthrax is not
completely understood, though many competing models have been proposed. (7, 11, 18, 36-41) While
it is assumed for this analysis that re-aerosolization of anthrax spores is possible and results in a nonzero risk to human health, no assumptions are made regarding the type or nature of a dose responseDR
model for inhalation anthrax. Instead, results are framed as a “what if” analysis, where the entire
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spectrum of risk (from 0% chance of infection to 100% chance of infection) is mapped out and
corresponding (26)recommendations are made for each risk level. Such a structure means that
whatever re-aerosolization and dose responseDR models are judged to be most appropriate may be
used in conjunction with this framework.

2.

METHODS

2.1. Hypothetical Scenarios Considered
The base case scenario concerns an instantaneouswide-area outdoor release of anthrax B.
anthracis spores in a major urban area, resulting in the exposure of some number of people relatively
quickly and the possible exposure of others by future re-aerosolization of spores that have settled on
surfaces in buildings (via infiltration). The attack is assumed to have been quickly detected. Given that
previous studies have determined that the rapid administration of antibiotics is the most appropriate
response to mitigate immediate risk from a bio-attack, this paper assumes that antibiotics were
administered to residents of the affected region and focuses on subsequent decisions regarding the risk
from future re-aerosolization of spores. (1, 26, 27, 42, 43)

2.2. Response Options and Assumptions
2.2.1. Vaccination
The vaccination strategy assumes the use of Anthrax Vaccine Absorbed (AVA), the only anthrax
vaccine currently licensed by the US Food and Drug Administration. The vaccine was initially approved
as a pre-exposure sequence comprising 6 priming doses (0, 2, and 4 weeks, 6 months, 12 months, and
18 months) with subsequent booster doses every year. (44) Although not licensed for use in children
under the age of 18, there is some evidence from other inactivated vaccines indicating that minors may
also receive the AVA vaccine if necessary. (45) Therefore this model does not distinguish between
minors and adults in receiving the vaccine. Information on the efficacy of post-attack antibiotic and
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vaccine treatment and the optimum time window for action exists in the literature. In emergency
situations, the vaccine can be given in two doses two weeks apart, providing protection for half the
recipients beginning at three weeks following the first dose and for the remaining recipients at four
weeks after the first dose. (46) When a full series of six subcutaneous inoculations is followed, the
vaccine was reported to be 93% to 100% effective at preventing inhalational anthrax. (27)
2.2.2. Decontamination
It is assumed that decontamination of the physical environment is accomplished through a
combination of fumigation and the use of sporicidal solutions applied as foam or spray. In controlled
experiments, some of these products were demonstrated to be 99.9999% effective (six-log reduction)
against anthrax spores on most non-porous surfaces with a contact time of 30 minutes and on porous
surfaces with two applications and a contact time of 1 hour. (47) Previous research has confirmed the
possibility of achieving a six log reduction in spore counts. (48) Costs for decontamination were
calculated for an average of 234 square feet of space per occupant scaled from costs reported from the
2001 cleanups. (26) Published data on the length of time that buildings remained closed in 2001 for
fumigation reveal an average closure time of ~22 months but an actual fumigation time of only ~4
months. (49) We assume for this analysis that advances in sporicidal and fumigation technologies and a
better understanding of the application of such technologies to a scenario involving anthrax would
require approximately 6 months of closure for the base case. This value is varied from 3 months to 24
months in the sensitivity analyses discussed below.
2.2.3. Evacuation
There are two instances in which evacuation is applicable – the first applies to the vaccine only
response option; the second applies to the building decontamination response option. In the first case
(when evacuation is only undertaken to allow time for the vaccine to become effective) we assume an
evacuation duration of two months, as this is considered sufficient for the vaccine to reach full efficacy.
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(50) In the second case, the evacuation duration is assumed to be longer to allow for decontamination
activities to be completed. As discussed above, the duration of evacuation in this second case is
assumed to be 6 months for the base case. The approach taken here is generally in line with the
framework suggested by Lesperance et al. (51) and the results of the Seattle Urban Area Security
Initiative (UASI).
Any discussion of evacuation costs must include reference to the classification of economic costs
associated with major disasters. Such costs are commonly broken up into subcategories, including
direct, indirect and induced costs. (52-54) Direct costs include transport, food, lodging and other
miscellaneous items during the actual evacuation, as well as lost earnings and production losses
immediately resulting from the attack. In addition to direct costs, more extensive economic models
include indirect costs (which include disruptions in trade with businesses outside the affected area) and
induced costs (which represent changes in consumer sales due to impacts on residential income). For
clarity, it has been suggested indirect and induced impacts be combined under the term “higher-order
effects.” (55) Several types of models exist to estimate the impact of higher-order effects on a region’s
economy, including input-output (IO) models, inoperability input-output models (IIMs), and computable
general equilibrium (CGE) models. (56, 57) Our analysis is focused on the choices private citizens will be
faced with concerning the disposition of their real estate assets independent of the regional higher
order effects – therefore only the direct costs of evacuation and a subsequent period of displacement
are considered here. We conceptualize the cost of evacuation as consisting of two separate costs: a
one-time cost to perform the evacuation and a monthly cost which reflects government assistance to
the individuals displaced. The one-time cost includes a change of shoes and clothing, transportation out
of the affected area, and physical decontamination of individuals and their vehicles. The monthly cost
consists of unemployment assistance and housing assistance. An estimate of housing assistance costs
was derived from Federal Emergency Management Agency (FEMA) assistance to victim of Hurricane
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Sandy. (58) Unemployment assistance was estimated from data for Pennsylvania published by the
Pennsylvania Department of Labor and Industry. (59)
2.2.4. Abandonment
Abandonment, the renunciation of home ownership, represents the most costly response strategy
considered. For this paper, the base cost of abandonment per person was approximated as the median
home price for the greater Philadelphia area. (60) With few valid precedents to draw from, there is
significant uncertainty regarding this option and of course great variability from home to home and
neighborhood to neighborhood. (54)

2.3. Decision Model Design
A decision tree was developed 1 to compare the projected cost per person based on different
responses following an attack. The analysis is based on risk-neutral decision making in which the
preferred outcome is selected by choosing the path with the highest expected value (i.e., the lowest
expected cost). (61) As shown in Figure 1, the tree structure comprises six different branches with each
branch representing a different response strategy. The tree is read by starting at the left and moving
right. Following an attack, the choice must be made to evacuate or not. Subsequent choices then
depend on which response option (branch) is chosen. Table 1 summarizes the strategies and the
formulae used to compute risk for each. In order of least aggressive to most aggressive (i.e., least costly
to most costly), these strategies include:


Option 1: Do not evacuate and do not vaccinate (antibiotics only). Residents who take no
action would be exposed to a risk of infection due to re-aerosolizaton, denoted for sake of
simplicity asof α. However, during “Period 1,” the initial 60 days, residents are taking

1 The decision tree was developed using PrecisionTree (Palisade Software, Ithaca, New York) for Microsoft Excel

2010 (Microsoft, Inc., Redmond, Washington).
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antibiotics as a result of their exposure to the initial release. Based on Hong et al. (2010) the
initial 60 days is estimated to account for 18% of the re-aerosolization risk (7, 62). During
Period 1 residents would become ill only if the antibiotics fail (probability denoted by Fa)
making their risk of infection 0.18 α Fa. For the remainder of the time, residents are exposed
to 82% of the re-aerosolization risk or 0.82 α. The risk of infection during either time period
is 1-(1-0.18 α Fa)(1-0.82 α). Infected individuals may recover (probability of 1-Pm) or die
(probability of Pm).


Option 2: Do not evacuate but do vaccinate. The antibiotic administered at the outset of the
attack is assumed to offer some protection against residual re-aerosolization during the 60
days following the attack until the vaccine becomes effective. Period 1 risk is 0.18 α Fa and
Period 2 risk is 0.82 α Fv where Fv is the risk of failure of the vaccine. It is assumed that nonvaccinated individuals are restricted from accessing the building.



Option 3: Evacuate and vaccinate. Evacuation provides time for the vaccination to become
effective. Risk is α Fv. In scenarios such as this where people are in uncontaminated
surroundings during Period 1, we assume that 100% of the applicable risk is restricted to
Period 2, as no one is present to re-aerosolize spores in the contaminated area during Period
1. It is assumed that non-vaccinated individuals are restricted from accessing the building.



Option 4: Evacuate and decontaminate buildings. Risk is α Fd where Fd is the risk of failure of
the decontamination.



Option 5: Evacuate, vaccinate, and decontaminate buildings. Risk is α Fv Fd.



Option 6: Evacuate and abandon area. This option is modeled as completely effective; reaerosolizaton risk is reduced to zero.

A switchover analysis was performed to define the risk level at which different options produce equal
expected values. One-way and two way sensitivity analyses were then performed on key parameters to
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characterize the amount of variability in the calculated outcomes based on estimated uncertainty in the
input values.

2.4. Decision Model Inputs
Parameter values for the base case of the decision model are presented in Table 1. In accordance
with the recommendations of Brandeau (63) and London (64), uncertainty associated with each of the
model parameters was addressed by utilizing a range of plausible values taken from the literature. The
probabilities and costs are generally consistent with those of Fowler et al.,. and Blackwood et al. (26, 27)
whose values were based on data from the 2001 letter attacks. The EPA’s recommended value for the
value of a statistical life was used to calculate costs associated with mortality. (65) Costs were adjusted
to 2013 dollars using the Consumer Price Index. The individual components of the evacuation cost are
outlined in Table 2, as are the formulas used to calculate expected values of costs associated with
different human health outcomes. The initial risk of infection is represented by the value α and can be
interpreted as the probability of exposure and infection given a release of B. anthracis. This parameter
is varied in the sensitivity analysis from 0 to 1. We assume that for individuals who have contracted
anthrax and received treatment, the mortality rate will be 45%, an estimate drawn from previous
studies of the 2001 letter attacks. (27, 45, 66)

3.

RESULTS
The first and second preferred response options for different risk ranges are shown below in Table

3. Figures 2a through 2d show simplified decision trees with the preferred paths highlighted
corresponding to each risk level from Table 3. The values for the switchover points (in terms of risk of
infection) in Table 3 are shown graphically in Figure 3. A switchover point occurs whenever two lines
intersect each other, thus defining the risk ranges detailed in the bullet points below. The least
expensive option (i.e., the line closest to the x-axis) represents the preferred option for a given infection
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probability, α. These switchover points define ranges for which different responses are preferred as
described below:


For a probability of infection above approximately 11% (i.e., “high risk,” such that more than
approximately 1 in 9 people would be infected), the preferred option from an expected value
perspective is to evacuate and decontaminate buildings. Under the baseline model
assumptions, the “evacuate, decontaminate, and vaccinate” option is not preferred. However,
the difference is slight, essentially the cost of the vaccine. If the decontamination is less
effective than assumed, then it may make sense to include vaccination, as is discussed in the
section on sensitivity analysis.



For a probability of infection between 4% and 11% (i.e., “moderate risk,” where between
approximately 1 in 9 and 1 in 21 people were infected), the preferred option is to evacuate
and vaccinate but not decontaminate.



For a probability of infection less than 4% but greater than 0.003% (i.e., “low risk,” where
between approximately 1 in 21 and 1 in 33,000 people would be infected), the preferred
option is to vaccinate without evacuation. At these infection levels, the additional protection
afforded by evacuation is outweighed by its costs.



For a probability of infection less than 0.003% (i.e., “very low risk,” where fewer than
approximately 1 in 33,000 people would be infected), the “antibiotics only” alternative (i.e.,
continuing antibiotics for 60 days after the initial exposure, then ceasing antibiotics) is
preferred. This value of α is slightly lower than the values of Mitchell-Blackwood et al. who
found that vaccination was not justified at risks below 0.014% (where approximately 1 in 7108
people were infected). This discrepancy is largely due to using a Value of a Statistical Life (VSL)
approach to estimate the value of lost health rather than the quality-adjusted life year (QALY)
approach used by Mitchell-Blackwood et al. that produced somewhat lower costs associated

14

with fatalities. The VSL approach used here is intended to roughly reflect current U.S. EPA
approaches to valuing mortality risk.


The high cost of evacuation and abandonment prevent it from ever being the preferred option
regardless of the probability of infection (α) even though it is considered 100% effective in
preventing new anthrax cases.

3.1. Sensitivity analysis
Sequential one-way sensitivity analyses were performed using the cost and parameter ranges
presented in Table 1 at two different infection probabilities (α =5% and 20%) in order to identify the
parameters responsible for the greatest effect on the final expected cost for the preferred strategy at
each infection probability. These two values of α were selected because for two reasons: (1) these
values represent two levels of risk, a “highmoderate” risk (α =5%) and a “very high” risk (α =20%), for
which the cost for choosing the incorrect response option may be significant, and (2) the optimal
response strategy is different for each level (i.e., these valuesy fall on opposite sides of the risk
switchover point for “evacuate and vaccinate” and “evacuate and decontaminate”). To simplify the
analysis, only the top two preferred response strategies were considered for each value of α. A one-way
sensitivity analysis was performed by varying a select set of parameters and charting the corresponding
change in cost difference between the preferred option and second best option for each risk level. For
alpha =5%, the second best option was “vaccinate only.” For α =20%, “Evacuate and vaccinate” (the
third most preferred option) was used as the alternative option in the sensitivity analysis instead of the
second most preferred option “Evacuate, decontaminate, and vaccinate.” This is because the only
substantive difference between “Evacuate, decontaminate, and vaccinate” and the preferred option of
“Evacuate and decontaminate” was the cost of the vaccine. This variable was considered in a separate
one-way sensitivity analysis (see below).
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Parameters which were varied in the sensitivity analysis included vaccine efficacy,
decontamination efficacy, VSL, cost of decontamination, and duration of evacuation. These analyses
revealed that vaccine efficacy and decontamination efficacy had the most significant influence on the
overall outcome at both the 5% the 20% risk levels.
To clarify how changes in vaccine efficacy and decontamination efficacy affect which response
option is preferred, we performed a two-way sensitivity analysis using these parameters and generated
contour plots showing which response strategy is preferred for different values of each parameter for
alpha=520% and alpha=205%. These contour plots are shown in Figure 4. These figures offer a useful
visual tool to quickly ascertain how the optimal response depends on assumptions regarding both
vaccine efficacy and decontamination efficacy. When experts may disagree on these values, the figures
show where such discord may be problematic and where it will not (i.e., if the range of values crosses a
switchover point, there wouldmay be a need for reconciliation of views to determine the preferred
option).
To this point, the analysis has largely assumed that residual risk is known. In reality if may be very
difficult to quantify residual risk, and these uncertainties in risk could lead to inappropriate response
strategies. To derive estimates for the penalty of choosing a suboptimal response strategy, a loss
function was plotted for each switchover point (Figure 5):
Loss function = EV(optimal decision) – EV(suboptimal decision)

(1)

The x-axis in Figure 5 shows the actual risk. To the right of each of the 3 switchover points, it is assumed
that responders believed the risk was below the switchover point, and the y-axis shows the loss
associated with failure to purse the more aggressive response option. To the left of each switchover
point it is assumed that responders believe the risk was above the switchover point and the y-axis shows
the loss associated with unnecessarily pursuing the more aggressive response option. The loss function
is symmetric around each switchover point because all functions are linear. However, for more
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aggressive (and hence expensive) response strategies at higher risk levels, the slope of the loss function
is greater, indicating a greater penalty for not choosing the correct response strategy. While
unnecessary vaccination is estimated to have a maximum loss of about $75 per person, even if provided
to those at zero risk, building decontamination decision making has estimated losses of ~$2500 for each
percentage error in risk. In responding to an event, decision makers may seek to use conservative (i.e.,
high) estimates of risk and efforts such as this to “price out” the potential cost of under/over-responding
could inform risk management efforts.
Key findings from these sensitivity analyses include the following:


For a risk of infection of 20%, the preferred path using base case values is to evacuate and
decontaminate but not vaccinate. The second best path is to evacuate, decontaminate, and
vaccinate. The sensitivity analysis reveals that if the decontamination is less than 99.99%
effective, the second best path (evacuate, decontaminate, and vaccinate) would overtake the
dominant path (evacuate and decontaminate) at this probability of infection (with other
parameters fixed at their base case values). This suggests that given the inevitable difficulties of
ensuring the performance of decontamination measures in a wide-scale, field effort, it may
make sense to include vaccination in a post-attack response in addition to decontamination.
Such a policy would be in accordance with both the US government’s current response plan, as
well as with Kyriacou et al. (17)



Also for a risk of infection of 20%, if the vaccine was considered to be 97% effective or better,
the recommended path would be to evacuate and vaccinate but not decontaminate (with other
parameters fixed at their base case values). Estimates of actual vaccine efficacy range from 93100%, indicating that in theory the response would depend on the value of this parameter. In
reality, decontamination efforts would likely be pursued in an effort to respond aggressively to
the incident, as in 2001, and to preserve property values for resale.

17



For a probability of infection of 5%, the dominant path in the base case model is to evacuate and
vaccinate. The secondary path at this probability of infection is to vaccinate without evacuating.
At this 5% probability of infection, the sensitivity analysis shows that if the vaccine is only 92%
effective, these two paths become indistinguishable from a cost-benefit perspective. However,
the 92% efficacy value lies just outside the 93-100% range of vaccine efficacies assumed in this
study, indicating that the decision would not be sensitive to this variable.

It should be noted that for either of these risk levels, different combinations of values for vaccine
efficacy and decontamination efficacy will yield different preferred responses (hence the importance of
Figure 4).

4.

DISCUSSION
This analysis used a decision analytic approach to estimate where switchover points between

response options occur (in terms of risk). Areas deemed to have higher risk would be subject to more
intensive (and costly) response strategies while areas of lower risk might receive less rigorous (and less
expensive) treatment. There would naturally be a great deal of pressure to respond aggressively to an
incident, but there would necessarily be points sufficiently removed from the release where aggressive
response actions are not taken. Determining which areas are sufficiently removed from a release to
warrant less aggressive action is an important decision. The overall impact of an incident may be
substantially influenced by how lower risk areas are treated, as one would expect environmental
dispersion to create an area of lower contamination that is much larger than the highly contaminated
area of the initial release.
In some cases, benefit-cost analyses function as a test that prospective actions to protect health
and the environment must pass in order to be implemented. However, in this case the careful
consideration of impacts may lead to more aggressive responses in some areas. In particular, this
analysis suggests that vaccination is justified at risks as low as 0.003% (3 in 100,000). Risks this low
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would likely not be detectable (67) and the absence of detectable contamination would seem to argue
against action. However, potential contamination might be inferred from dispersion modeling studies.
Thus, a combination of modeling and benefit-cost assessment might provide a basis for more aggressive
action than would be taken otherwise.
Two of the options considered here (Option 2 vaccinate only, and Option 3 evacuate and
vaccinate) would require restricting access to the affected buildings to vaccinated individuals only.
Clearly this would be logistically easier for short time periods. Thus, these options might more
realistically serve as short to medium term response actions that allow resumption of required functions
pending definitive decontamination of affected areas.
(63)(68)
Research gaps regarding administration of antibiotics and vaccines to children, the elderly, and the
immunocompromised pose a challenge for the modeling performed in this analysis. Because it is
unknown whether such groups will experience outcomes that differ markedly than those of normal
healthy adults, all groups were modeled in the same manner. This is consistent with a consensus
statement of the American Medical Association, which advises administering medical treatment in the
same manner to all groups in the absence of more complete information. (45) Regardless, it is possible
that these groups may not respond to the disease or the treatment in a similar manner. This could be
accounted for in the model by introducing additional inputs for these parameters and generating a
different set of results for each subgroup of concern. However, additional data would be required
before such adjustments could be made.
This analysis is intended as a framework for decision making, not to direct actual decision making.
Public response decisions would need to be arrived at through a deliberative process and benefit-cost
assessments, such as this, are only one input into this process. (68) In addition, many decisions might be
made privately (i.e., individuals and their doctors would control which medical treatments are used and
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decisions regarding private property will necessarily involve the property owner). These response
decisions should be informed by stakeholders’ perceived risk and their values, such as their personal
level of risk aversion. These private decision makers would not be bound by any sort of benefit-cost
assessment, but they may be interested in what guidance benefit cost-assessments can offer..
The way in which such risks are communicated to the public will have a profound impact on
their willingness to comply with official recommendations. (63) Such communication becomes
particularly important in the case where the risk is high enough so that evacuation is recommended. It
will be incumbent upon local, state, and federal authorities to ensure that information is communicated
quickly and coherently, and in a manner that clear, practical, and respectful. (69)

Areas for further research on this topic could focus on individuals’ and businesses’ willingness to
reoccupy a city following a wide-area anthrax release, as well as their willingness-to-pay for the
necessary response actions. There is also a need for a better understanding of the long-term viability of
anthrax spores in an urban environment, as well as for the quantitative risk associated with reaerosolization of such particles. Data on these two topics would greatly enhance any modeling efforts
of a large scale bio-attack.

20

REFERENCES
1.

Weis CP, Intrepido AJ, Miller AK, Cowin PG, Durno MA, Gebhardt JS, et al. Secondary

aerosolization of viable Bacillus anthracis spores in a contaminated US Senate Office. Jama-J Am Med
Assoc. 2002;288(22):2853-8. PubMed PMID: ISI:000179732600030.
2.

Van Cuyk S, Deshpande A, Hollander A, Duval N, Ticknor L, Layshock J, et al. Persistence of

Bacillus thuringiensis subsp. kurstaki in Urban Environments following spraying. Applied and
environmental microbiology 2011;77(22).
3.

Raber E. The challenge of determining the need for remediation following a wide-area biological

release. Biosecurity and Bioterrorism-Biodefense Strategy Practice and Science. 2011;9(3):257-61. Epub
2011/09/03. doi: 10.1089/bsp.2011.0045. PubMed PMID: 21882967.
4.

Canter DA. Addressing residual risk issues at anthrax cleanups: How clean is safe? Journal of

Toxicology and Environmental Health-Part a-Current Issues. 2005;68(11-12):1017-32. doi: Doi
10.1080/15287390590912621. PubMed PMID: ISI:000230582100011.
5.

Canter DA, Gunning D, Rodgers P, O'Connor L, Traunero C, Kempter CJ. Remediation of Bacillus

anthracis contamination in the US department of justice mail facility. Biosecurity and BioterrorismBiodefense Strategy Practice and Science. 2005;3(2):119-27. PubMed PMID: ISI:000230421300012.
6.

Schmitt K, Zacchia NA. Total decontamination cost of the anthrax letter attacks. Biosecurity and

bioterrorism : biodefense strategy, practice, and science. 2012;10(1):98-107. Epub 2012/02/09. doi:
10.1089/bsp.2010.0053. PubMed PMID: 22313022.

21

7.

Hong T, Gurian PL, Ward NF. Setting risk-informed environmental standards for Bacillus

anthracis spores. Risk analysis : an official publication of the Society for Risk Analysis. 2010;30(10):160222. Epub 2010/07/16. doi: 10.1111/j.1539-6924.2010.01443.x. PubMed PMID: 20626695.
8.

Isukapalli SS, Lioy PJ, Georgopoulos PG. Mechanistic modeling of emergency events: assessing

the impact of hypothetical releases of anthrax. Risk analysis : an official publication of the Society for
Risk Analysis. 2008;28(3):723-40. Epub 2008/07/23. doi: 10.1111/j.1539-6924.2008.01055.x. PubMed
PMID: 18643828; PubMed Central PMCID: PMC3066661.
9.

Whicker JJ, Janecky DR, Doerr TB. Adaptive management: a paradigm for remediation of public

facilities following a terrorist attack. Risk analysis : an official publication of the Society for Risk Analysis.
2008;28(5):1445-56. Epub 2008/09/03. doi: 10.1111/j.1539-6924.2008.01102.x. PubMed PMID:
18761729.
10.

Schmitt B, Dobrez D, Parada JP, Kyriacou DN, Golub RM, Sharma R, et al. Responding to a small-

scale bioterrorist anthrax attack: cost-effectiveness analysis comparing preattack vaccination with
postattack antibiotic treatment and vaccination. Archives of internal medicine. 2007;167(7):655-62.
Epub 2007/04/11. doi: 10.1001/archinte.167.7.655. PubMed PMID: 17420423.
11.

Baccam P, Boechler M. Public health response to an anthrax attack: an evaluation of vaccination

policy options. Biosecurity and Bioterrorism-Biodefense Strategy Practice and Science. 2007;5(1):26-34.
Epub 2007/04/18. doi: 10.1089/bsp.2006.0001. PubMed PMID: 17437349.
12.

Brookmeyer R, Johnson E, Bollinger R. Public health vaccination policies for containing an

anthrax outbreak. Nature. 2004;432(7019):901-4. Epub 2004/12/17. doi: 10.1038/nature03087.
PubMed PMID: 15602561.
13.

Whitworth MH. Designing the Response to an Anthrax Attack. Interfaces. 2006;36(6).

14.

Hupert N, Wattson D, Cuomo J, Hollingsworth E, Neukermans K, Xiong W. Predicting hospital

surge after a large-scale anthrax attack: a model-based analysis of CDC's cities readiness initiative

22

prophylaxis recommendations. Medical decision making : an international journal of the Society for
Medical Decision Making. 2009;29(4):424-37. Epub 2009/07/21. doi: 10.1177/0272989X09341389.
PubMed PMID: 19617582.
15.

Bravata DM, Zaric GS, Holty JE, Brandeau ML, Wilhelm ER, McDonald KM, et al. Reducing

mortality from anthrax bioterrorism: strategies for stockpiling and dispensing medical and
pharmaceutical supplies. Biosecurity and bioterrorism : biodefense strategy, practice, and science.
2006;4(3):244-62. Epub 2006/09/27. doi: 10.1089/bsp.2006.4.244. PubMed PMID: 16999586.
16.

Zaric GS, Bravata DM, Cleophas Holty JE, McDonald KM, Owens DK, Brandeau ML. Modeling the

logistics of response to anthrax bioterrorism. Medical decision making : an international journal of the
Society for Medical Decision Making. 2008;28(3):332-50. Epub 2008/03/20. doi:
10.1177/0272989X07312721. PubMed PMID: 18349432.
17.

Kyriacou DN, Dobrez D, Parada JP, Steinberg JM, Kahn A, Bennett CL, et al. Cost-Effectiveness

Comparison of Response Strategies to a Large-Scale Anthrax Attack on the Chicago Metropolitan Area:
Impact of Timing and Surge Capacity. Biosecur Bioterror. 2012;10(3):264-79. Epub 2012/08/01. doi:
10.1089/bsp.2011.0105. PubMed PMID: 22845046.
18.

Wein LM, Craft DL. Evaluation of public health interventions for Anthrax: a report to the

secretary's council on Public Health Preparedness. Biosecurity and Bioterrorism-Biodefense Strategy
Practice and Science. 2005;3(4):348-56. Epub 2005/12/22. doi: 10.1089/bsp.2005.3.348. PubMed PMID:
16366844.
19.

Crockett K. Interagency Biological Restoration Demonstration (Ibrd): A Collaborative Approach

to Biological Incident Recovery. Biosecurity and Bioterrorism-Biodefense Strategy Practice and Science.
2011;9(3):252-6. doi: DOI 10.1089/bsp.2011.0037. PubMed PMID: ISI:000294767100009.
20.

Franco C, Bouri N. Remediation in Review: Major Findings from IBRD. Biosecurity and

Bioterrorism: Biodefense Strategy, Practice, and Science. 2011;9(3).

23

21.

Krauter P, Edwards D, Yang L, Tucker M. A Systematic Methodology for Selecting

Decontamination Strategies Following a Biocontamination Event. Biosecurity and BioterrorismBiodefense Strategy Practice and Science. 2011;9(3):262-70. doi: DOI 10.1089/bsp.2010.0071. PubMed
PMID: ISI:000294767100011.
22.

Krauter P, Tucker M. A Biological Decontamination Process for Small, Privately Owned Buildings.

Biosecurity and Bioterrorism-Biodefense Strategy Practice and Science. 2011;9(3):301-9. doi: DOI
10.1089/bsp.2011.0025. PubMed PMID: ISI:000294767100015.
23.

Lesperance AM, Stein S, Upton JF, Toomey C. Challenges in disposing of anthrax waste.

Biosecurity and Bioterrorism-Biodefense Strategy Practice and Science. 2011;9(3):310-4. Epub
2011/09/03. doi: 10.1089/bsp.2011.0033. PubMed PMID: 21882972.
24.

EPA U. Bio-response Operational Testing and Evaluation (BOTE) Project Technical Brief. 2014.

25.

Sorensen JH, Shumpert BL, Vogt BM. Planning for protective action decision making: evacuate or

shelter-in-place. J Hazard Mater. 2004;109(1-3):1-11. doi: DOI 10.1016/j.jhazmat.2004.03.004. PubMed
PMID: ISI:000222191400001.
26.

Mitchell-Blackwood J, Gurian PL, O'Donnell C. Finding Risk-Based Switchover Points for

Response Decisions for Environmental Exposure to Bacillus anthracis. Human and Ecological Risk
Assessment. 2011;17(2):489-509. doi: Pii 936278185
Doi 10.1080/10807039.2011.552401. PubMed PMID: ISI:000289568200012.
27.

Fowler RA, Sanders GD, Bravata DM, Nouri B, Gastwirth JM, Peterson D, et al. Cost-effectiveness

of defending against bioterrorism: a comparison of vaccination and antibiotic prophylaxis against
anthrax. Annals of internal medicine. 2005;142(8):601-10. Epub 2005/04/20. PubMed PMID: 15838066.
28.

Wattiau P, Govaerts M, Frangoulidis D, Fretin D, Kissling E, Van Hessche M, et al. Immunologic

response of unvaccinated workers exposed to anthrax, Belgium. Emerging infectious diseases.
2009;15(10):1637-40.

24

29.

Cohen M, Whalen T. Implications of low level human exposure to respirable B. anthracis.

Applied Biosafety. 2007;12(2):109-15.
30.

Dahlgren CM, Buchanan LM, Decker HM, Freed SW, Phillips CR, Brachman PS. Bacillus anthracis

aerosols in goat hair processing mills. American Journal of Hygiene. 1960;72:24-31.
31.

Council NR. Reopening Public Facilities After a Biological Attack. Washington DC: The National

Academies Press; 2005.
32.

Dull PM, Wilson KE, Kournikakis B, Whitney EaS, Boulet Ca, Ho JYW, et al. Bacillus anthracis

aerosolization associated with a contaminated mail sorting machine. Emerging infectious diseases.
2002;8(10):1044-7.
33.

Cuyk SV, Deshpande A, Hollander A, Franco DO, Teclemariam NP, Layshock JA, et al. Transport of

Bacillus thuringiensis var. kurstaki from an Outdoor Release into Buildings: Pathways of Infiltration and a
Rapid Method to Identify Contaminated Buildings Biosecurity and Bioterrorism: Biodefense Strategy,
Practice, and Science. 2012;10(2). doi: doi:10.1089/bsp.2011.0081.
34.

Krauter P, Biermann A. Reaerosolization of fluidized spores in ventilation systems. Applied and

environmental microbiology. 2007;73(7).
35.

Layshock JA, Pearson B, Crockett K, Brown MJ, Van Cuyk S, Daniel WB, et al. Reaerosolization of

Bacillus spp. in outdoor environments: a review of the experimental literature. Biosecurity and
bioterrorism : biodefense strategy, practice, and science. 2012;10(3).
36.

Bartrand TA, Weir MH, Haas CN. Dose-response models for inhalation of Bacillus anthracis

spores: interspecies comparisons. Risk analysis : an official publication of the Society for Risk Analysis.
2008;28(4):1115-24. Epub 2008/06/17. doi: 10.1111/j.1539-6924.2008.01067.x. PubMed PMID:
18554269.
37.

Gutting BW, Marchette D, Sherwood R, Andrews GA, Director-Myska A, Channel SR, et al.

Modeling low-dose mortality and disease incubation period of inhalational anthrax in the rabbit. Journal

25

of theoretical biology. 2013;329:20-31. Epub 2013/04/10. doi: 10.1016/j.jtbi.2013.03.020. PubMed
PMID: 23567649.
38.

Druett HA, Henderson DW, Peacock S. Studies on respiratory infection. III. Experiments with

Brucella suis. The Journal of hygiene. 1956;54(1):49-57. Epub 1956/03/01. PubMed PMID: 13319690;
PubMed Central PMCID: PMC2218001.
39.

Wilkening DA. Modeling the incubation period of inhalational anthrax. Medical decision making :

an international journal of the Society for Medical Decision Making. 2008;28(4):593-605. Epub
2008/06/17. doi: 10.1177/0272989X08315245. PubMed PMID: 18556642.
40.

Wilkening DA. Sverdlovsk revisited: modeling human inhalation anthrax. Proceedings of the

National Academy of Sciences of the United States of America. 2006;103(20):7589-94. Epub 2006/05/09.
doi: 10.1073/pnas.0509551103. PubMed PMID: 16679412; PubMed Central PMCID: PMC1564296.
41.

Haas CN. On the risk of mortality to primates exposed to anthrax spores. Risk analysis : an

official publication of the Society for Risk Analysis. 2002;22(2):189-93. Epub 2002/05/23. PubMed PMID:
12022669.
42.

Wein LM, Craft DL, Kaplan EH. Emergency response to an anthrax attack. Proceedings of the

National Academy of Sciences of the United States of America. 2003;100(7):4346-51. Epub 2003/03/26.
doi: 10.1073/pnas.0636861100. PubMed PMID: 12651951; PubMed Central PMCID: PMC153095.
43.

Shepard CW, Soriano-Gabarro M, Zell ER, Hayslett J, Lukacs S, Goldstein S, et al. Antimicrobial

postexposure prophylaxis for anthrax: Adverse events and adherence. Emerging infectious diseases.
2002;8(10):1124-32. PubMed PMID: ISI:000178653200021.
44.

Wright J, Quinn C, Shadomy S, Messonnier N. Use of Anthrax Vaccine in the United States.

Morbidity and Mortality Weekly Report2009. p. 1-30.

26

45.

Inglesby TV, O'Toole T, Henderson DA, Bartlett JG, Ascher MS, Eitzen E, et al. Anthrax as a

biological weapon, 2002: updated recommendations for management. JAMA : the journal of the
American Medical Association. 2002;287(17):2236-52. Epub 2002/05/01. PubMed PMID: 11980524.
46.

Craft DL, Wein LM, Wilkins AH. Analyzing bioterror response logistics: The case of anthrax.

Management Science. 2005;51(5):679-94. doi: DOI 10.1287/mnsc.1040.0348. PubMed PMID:
ISI:000229692000001.
47.

Calfee MW, Choi Y, Rogers J, Kelly T, Willenberg Z, Riggs K. Lab-Scale Assessment to Support

Remediation of Outdoor Surfaces Contaminated with Bacillus anthracis Spores. Bioterrorism and
Biodefense. 2011;2(3).
48.

Wood JP, Choi YW, Rogers JV, Kelly TJ, Riggs KB, Willenberg ZJ. Efficacy of liquid spray

decontaminants for inactivation of Bacillus anthracis spores on building and outdoor materials. J Appl
Microbiol. 2011;110(5):1262-73. doi: DOI 10.1111/j.1365-2672.2011.04980.x. PubMed PMID:
ISI:000289265100015.
49.

Canter D. Remediating anthrax-contaminated sites: Learning from the past to protect the future.

Abstracts of Papers of the American Chemical Society. 2004;228:U303-U. PubMed PMID:
ISI:000223712801166.
50.

Vietri NJ, Purcell BK, Lawler JV, Leffel EK, Rico P, Gamble CS, et al. Short-course postexposure

antibiotic prophylaxis combined with vaccination protects against experimental inhalational anthrax.
Proceedings of the National Academy of Sciences of the United States of America. 2006;103(20):7813-6.
Epub 2006/05/05. doi: 10.1073/pnas.0602748103. PubMed PMID: 16672361; PubMed Central PMCID:
PMC1472527.
51.

Lesperance AM, Olson J, Stein S, Clark R, Kelly H, Sheline J, et al. Developing a regional recovery

framework. Biosecurity and bioterrorism : biodefense strategy, practice, and science. 2011;9(3):280-7.
Epub 2011/09/03. doi: 10.1089/bsp.2011.0031. PubMed PMID: 21882969.

27

52.

Greenberg MR, Lahr M, Mantell N. Understanding the economic costs and benefits of

catastrophes and their aftermath: a review and suggestions for the U.S. federal government. Risk
analysis : an official publication of the Society for Risk Analysis. 2007;27(1):83-96. Epub 2007/03/17. doi:
10.1111/j.1539-6924.2006.00861.x. PubMed PMID: 17362402.
53.

Hallegatte S. An adaptive regional input-output model and its application to the assessment of

the economic cost of Katrina. Risk analysis : an official publication of the Society for Risk Analysis.
2008;28(3):779-99. Epub 2008/07/23. doi: 10.1111/j.1539-6924.2008.01046.x. PubMed PMID:
18643833.
54.

Petterson JS SL, Glazier E, Philipp J. A preliminary assessment of social and economic impacts

associated with hurricane katrina. Journal of American Anthropology. 2006;108(4):643-70.
55.

Rose AZ. Economic principles, issues, and research priorities in hazard loss estimation. In:

Okuyama YaC, S., editor. Modeling Spatial and Economic Impacts of Disasters: Springer; 2004. p. 13-36.
56.

Dixon PBG, James; Rimmer, Maureen T.; Verikios, George. Advancing Computable General

Equilibrium Analysis (CGE) of the Economic Consequences of Terrorism. 2011.
57.

Santos JR, Orsi MJ, Bond EJ. Pandemic recovery analysis using the dynamic inoperability input-

output model. Risk analysis : an official publication of the Society for Risk Analysis. 2009;29(12):1743-58.
Epub 2009/12/08. doi: 10.1111/j.1539-6924.2009.01328.x. PubMed PMID: 19961556.
58.

NYC LS. Disaster Relief Legal Assistance Manual. 2012.

59.

Pennsylvania Department of Labor and Industry 2013 [2/19/13]. Available from:

http://www.uc.pa.gov/portal/server.pt/community/the_official_pennsylvania_unemployment_compen
sation_website_%E2%80%93_www_uc_pa_gov/11449.
60.

BankRate.com. Pennsylvania home values 2012 [cited 2012]. Available from:

http://www.bankrate.com/finance/real-estate/pennsylvania-home-values.aspx.

28

61.

Quinlan JR. Decision Trees and Decision-Making. Ieee T Syst Man Cyb. 1990;20(2):339-46.

PubMed PMID: ISI:A1990DG60600006.
62.

Hong T. Estimating Risk of Exposure to Bacillus Anthracis based on Environmental

Concentrations: Drexel University; 2009.
63.

Brandeau ML, McCoy JH, Hupert N, Holty JE, Bravata DM. Recommendations for modeling

disaster responses in public health and medicine: a position paper of the society for medical decision
making. Medical decision making : an international journal of the Society for Medical Decision Making.
2009;29(4):438-60. Epub 2009/07/17. doi: 10.1177/0272989X09340346. PubMed PMID: 19605887;
PubMed Central PMCID: PMC3699691.
64.

London AJ. Preparing for Pandemic Influenza: Clinical Research in a Public Health Crisis: The

Integrative Approach to Managing Uncertainty and Mitigating Conflict. Seton Hall Law Review.
2009(c):1-25.
65.

Frequently Asked Questions on Mortality Risk Valuation: EPA; 2012. Available from:

http://yosemite.epa.gov/ee/epa/eed.nsf/pages/MortalityRiskValuation.html#whatisvsl.
66.

Swartz MN. Current concepts - Recognition and management of anthrax - An update. New Engl J

Med. 2001;345(22):1621-6. PubMed PMID: ISI:000172383900007.
67.

Hong T, Gurian PL, Huang Y, Haas CN. Prioritizing Risks and Uncertainties from Intentional

Release of Selected Category A Pathogens. Plos One. 2012;7(3). doi: ARTN e32732
DOI 10.1371/journal.pone.0032732. PubMed PMID: ISI:000303021100025.
68.

Arrow KJ, Cropper ML, Eads GC, Hahn RW, Lave LB, Noll RG, et al. Is there a role for benefit-cost

analysis in environmental, health, and safety regulation? Science. 1996;272(5259):221-2. Epub
1996/04/12. PubMed PMID: 8602504.
69.

Council NR. Improving Risk Communication. Washington DC: The National Academies Press;

1989.

29

30

