
348

BIOSECURITY AND BIOTERRORISM: BIODEFENSE STRATEGY, PRACTICE, AND SCIENCE 
Volume 3, Number 4, 2005
© Mary Ann Liebert, Inc.

Evaluation of Public Health Interventions for Anthrax: 
A Report to the Secretary’s Council on 

Public Health Preparedness

LAWRENCE M. WEIN and DAVID L. CRAFT

To aid in understanding how best to respond to a bioterror anthrax attack, we analyze a system of
differential equations that includes a disease progression model, a set of spatially distributed queues
for distributing antibiotics, and vaccination (preevent and/or postevent). We derive approximate ex-
pressions for the number of casualties as a function of key parameters and management levers, in-
cluding the time at which the attack is detected, the number of days to distribute antibiotics, the ad-
herence to prophylactic antibiotics, and the fraction of the population that is preimmunized. We
compare a variety of public health intervention policies in the event of a hypothetical anthrax attack
in a large metropolitan area. Modeling assumptions were decided by the Anthrax Modeling Working
Group of the Secretary’s Council on Public Health Preparedness. Our results highlight the primary
importance of rapid antibiotic distribution and lead us to argue for ensuring postattack surge capac-
ity to rapidly produce enough anthrax vaccine for an additional 100 million people.

THIS ARTICLE COMPARES THE NUMBER of inhalation an-
thrax casualties under four attack scenarios for the

four policy options set forth by the Anthrax Modeling
Working Group (AMWG) of the Secretary’s Council on
Public Health Preparedness (SCPHP). The Council hired
two groups to perform this task: the coauthors of the pres-
ent paper, and Dr. Sid Baccam and Dr. Michael Boechler
from Innovative Emergency Management (Baton Rouge,
Louisiana). We derive approximate analytical formulas for
the number of casualties under various policy options,
which is complementary to the detailed simulation study
performed by Baccam and Boechler.1 Through an iterative
process requiring two onsite meetings and preliminary re-
sults from earlier versions of the models, the Working
Group decided on the attack scenarios and the various pol-
icy options, and they determined most of the modeling as-
sumptions and the parameter values used in the model.

We define a casualty as a seriously ill person (see

Methods for a more precise definition) who requires ag-
gressive medical treatment to survive. The model does
not explicitly address the availability of medical treat-
ment for seriously ill patients. The analysis in previous
work2,3 suggests that, for the attack sizes considered in
the present article, the medical care facilities would be
overwhelmed, and a very small fraction of seriously ill
patients would survive under the medical care capacity
assumed in the earlier article.2 Hence, in our view, casu-
alties can be interpreted as deaths. Relative to the analy-
sis in the earlier article,2 the main contribution of the
present study is to assess a vaccine that can be used be-
fore or after an event. The policy issues regarding the use
of a vaccine are discussed at the end of this article. Al-
though most of the modeling assumptions were deter-
mined by the AMWG, the results and views stated in this
article are the authors’ own and do not represent a con-
sensus or official opinion of the AMWG.

Lawrence M. Wein, PhD, is Paul E. Holden Professor in the Graduate School of Business, Stanford University, Stanford, Cali-
fornia. David L. Craft is Visiting Assistant Professor of Statistics, Department of Mathematics, Williams College, Williamstown,
Massachusetts.
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METHODS

Attack Scenarios

The four attack scenarios stem from a scenario of a dry
anthrax release originally developed by Dr. Fred Harper
(Sandia Laboratories) and Dr. Arnold Kaufmann (Cen-
ters for Disease Control and Prevention), which incorpo-
rates an atmospheric release model, a spatial population
density, and a dose-response curve. In this scenario, ap-
proximately 1014 anthrax spores (assumed to be 1 kg,
with 50% dissemination efficiency) are released from a
1-km long line source over a large U.S. city, exposing
1.39 million people to various amounts of agent. We cre-
ate four scenarios from the original Harper-Kaufmann
scenario by varying the probit slope of the dose-response
curve (either 0.7, as derived from monkey data,4 or 1.82,
as proposed by Harper and Kaufmann) and the building
protective factor (either 50, as proposed by Harper and
Kaufmann, or 10). In all four scenarios, it is assumed
that, at the time of the attack, 85% of the people are in-
doors and inhale only 2% or 10% (depending on the
building protective factor) as many spores as the 15%
who are outdoors.

We briefly performed a few calculations suggesting
that the 0.7 slope is perhaps more realistic than the 1.82
slope. For an ID50 of 10,000 spores, the probability 
that someone is infected by a single spore is �(�4�),
where �(�) is the standard normal cumulative distribu-
tion function and � is the probit slope. This probability 
is �(�2.8) � 0.0026 if the probit slope is 0.7, and
�(�7.28) � 10�12 if the probit slope is 1.82. It has been
estimated that approximately 5,000 letters were cross-
contaminated during the 2001 postal attack.5 If we as-
sume that each of these letters went to a single person and
caused the inhalation of a single spore (some of these let-
ters were handled by multiple people and caused the in-
halation of multiple spores), then the mean number of
people infected by these cross-contaminated envelopes
would be 13 if the slope is 0.7, and 5 � 10�9 if the slope
is 1.82. The fact that a 94-year-old Connecticut woman
appeared to have been infected by a very small number of
spores6 suggests that the 0.7 slope may be closer to the
actual value than the 1.82 slope—that is, the probability
of at least one person getting infected if the probit slope
is actually 1.82 is essentially zero.

For our purposes, we only need to know the total num-
ber of infected people (in the absence of intervention) for
each scenario. This is because our analytical results are
expressed as the fraction of infected people who are casu-
alties, and this fraction turns out to be independent of the
number of infected people.2 The number of infected peo-
ple for the four scenarios was computed in Baccam and
Boechler1 and appears in Table 1.

The Model

The model is described below, and the base-case val-
ues of all parameters are in Table 1.

• The natural disease progression is divided into four
stages. The first stage is the incubation period, which
has a log-normal distribution with a median of 10.95
days and a dispersion factor of 2.04 (i.e., e� � �2�,
where � is the standard deviation of the underlying
normal distribution).7 People enter the early sympto-
matic phase on leaving the incubation phase.

• The early symptomatic period has a log-normal distri-
bution with a median of 1.175 days and a dispersion
factor of �2�. Absent intervention, people enter the 
intermediate disease phase on leaving the early
symptomatic phase. The median of the early disease
phase equals half the median of the early plus interme-
diate phases reported by Brookmeyer and colleagues.7

People entering the intermediate phase proceed to the
fulminant stage and then eventually die unless inten-
sive medical care is provided. The availability of ag-
gressive medical care to prevent progression from the
intermediate disease phase to the fulminant disease
phase was not addressed in our model.

• Antibiotic distribution begins at time �. We consider
three values of ��2 days, 3.5 days, and 5 days. At this
time, all people in the exposed region enter the antibi-
otics queue, and antibiotic distribution is initiated. Peo-
ple in the antibiotics queue who have, or develop, early
symptoms (i.e., fever) still wait in the queue along with
people who are asymptomatic.

• Let te be the time that the antibiotic queue becomes
empty. Then it takes te � � amount of time to distribute
antibiotics to the entire population. We consider three
values of te � ��2 days, 6 days, and 10 days.

• There is partial antibiotic adherence (less than 50% of
postal workers adhered to the full antibiotic regimen
during the 2001 mail attack8,9), which applies regard-
less of the stage of disease: Among people receiving
antibiotics, 10% take no antibiotics, 15% take the anti-
biotics for exactly 15 days, 25% take them for exactly

TABLE 1. THE NUMBER INFECTED IN THE

FOUR SCENARIOS1

Building Protective Number
Probit Slope Factor Infected

0.7 10 312,996
0.7 50 205,835
1.82 10 115,970
1.82 50 83,601



30 days, 25% take them for 45 days, and 25% take
them for the full 60 days.

• Antibiotics, if taken, are effective at preventing people
in the incubation stage or early disease stage from pro-
ceeding to later stages (we are assuming that spores can
remain in the lungs for several weeks). Antibiotics do
not prevent people in the intermediate or fulminant
stages from disease progression or death.

• The vaccine, which is administered in 2 doses spaced 2
weeks apart, is assumed to protect either 80% or 90%
of the vaccinated population—that is, the vaccine effi-
cacy is either ev � 0.8 or ev � 0.9. This protection
starts 3 weeks after the first dose for 50% of the suc-
cessfully vaccinated people, and the protection starts 4
weeks after the first dose for the remaining 50%.

• Vaccine administration begins 5 days after the attack.
It takes 7 days to distribute each vaccine dose to the en-
tire population.

Policy Options

The four public health interventions considered here
are:

1. PostA: Postexposure prophylaxis with antibiotics for
60 days.

2. PostA�PostV: Postexposure prophylaxis with anti-
biotics for 60 days and 2 doses of postexposure vac-
cine spaced 2 weeks apart.

3. PreV�PostA: Two levels of preemptive (or preexpo-
sure) vaccination: 50% and 80% of the population (of
these 50% and 80%, only 80% or 90% will be effec-
tively preimmunized given the imperfect vaccine effi-
cacies), followed by 60 days of postexposure prophy-
laxis.

4. PreV�PostA�PostV: Two levels of prerelease vac-
cination: 50% and 80% of the population (of these

50% and 80%, only 80% or 90% will be effectively
preimmunized), followed by 60 days of postexposure
prophylaxis and 2 doses of postexposure vaccine
spaced 2 weeks apart.

Analysis

In the Appendix, we derive the fraction of infected
people who are casualties for the PostA and
PostA�PostV policy options; the derivation of the other
two policy options is described in the next paragraph. A
person becomes a casualty by entering the intermediate
disease stage, which can occur either by not receiving an-
tibiotics in a timely fashion, or by receiving them but not
successfully adhering to the antibiotic regimen.

RESULTS

The fraction of infected people who are casualties is
given in Table 2 for the PostA policy and in Table 3 for
the PostA+PostV policy. These results are graphically
depicted in Figure 1. Because the fraction of infected
people who are casualties is essentially independent of
the number infected, the analysis of preevent vaccination
is straightforward as long as preimmunized people re-
ceive the same postattack treatment as the rest of the pop-
ulation,3 which is the case here. Let v be the level of pre-
existing immunity. Because we consider two values of
prerelease vaccination coverage (50% and 80%) and two
values of vaccine efficacy (0.8 and 0.9), we have four
possible levels of preexisting immunity: v � 0.4, 0.45,
0.64, and 0.72. The number of casualties under the
PreV�PostA policy is simply 1 � v times the number of
casualties under the PostA policy, and the number of ca-
sualties under the PreV�PostA�PostV policy is 1 � v
times the number of casualties under the PostA�PostV
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TABLE 2. RESULTS FOR THE POSTA POLICY

Time of Time to Fraction of Casualties Casualties Casualties Casualties 
Antibiotic Distribute Infected Who Slope � 0.7 Slope � 0.7 Slope � 1.82 Slope � 1.82
Initiation Antibiotics Are Casualties Protect � 10 Protect � 50 Protect � 10 Protect � 50

2 days 2 days 0.170 53,296.6 35,049.3 19,747.2 14,235.5
2 days 6 days 0.236 73,926. 48,615.8 27,390.8 19,745.6
2 days 10 days 0.332 103,904. 68,330.2 38,498.1 27,752.7
3.5 days 2 days 0.203 63,677.9 41,876.4 23,593.7 17,008.3
3.5 days 6 days 0.297 93,083.7 61,214.4 34,489. 24,862.6
3.5 days 10 days 0.397 124,405. 81,812.3 46,094. 33,228.5
5 days 2 days 0.266 83,145.6 54,678.9 30,806.8 22,208.1
5 days 6 days 0.371 116,198. 76,414.8 43,053.1 31,036.3
5 days 10 days 0.467 146,269. 96,190.8 54,195.1 39,068.4

The last four columns give the number of casualties for the four scenarios described in Table 1.
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policy. Hence, the number of casualties in Figure 1 is re-
duced by the factors 0.28, 0.36, 0.55, or 0.6 by the addi-
tion of preattack vaccination.

Our results reveal four main points:

• In the absence of (preevent or postevent) vaccina-
tion, we predict that between 17% and 47% of the in-
fected people will be casualties during an airborne an-
thrax attack, assuming that antibiotic distribution is
initiated between days 2 and 5 and can be distributed
in 2–10 days. Approximately 5% of infected people
become casualties for each additional day it takes 
to initiate antibiotic distribution or to distribute anti-
biotics. The primary importance of rapid antibiotic
distribution echoes the recommendations in earlier
studies.2,10

• The total number of casualties in the absence of
(preevent or postevent) vaccination ranges from 20,000
to 140,000, depending on the fraction of infected peo-
ple who are casualties (see the previous point) and the
total number infected, which depends on the probit
slope and the building protection factor (see Table 1).

• Because of partial drug adherence, postattack vaccina-
tion achieves a 5–7% reduction in the fraction of in-
fected people who are v casualties, which represents
between 4,000 and 20,000 averted casualties.

• In this study, everyone—preimmunized or not—re-
ceives the same postattack treatment. Consequently, if
a fraction v of the population is preimmunized, then the
number of casualties is reduced by the factor 1 � v.
For the parameter values considered here, 1 � v ranges
from 0.28 to 0.6—that is, the number of casualties can
be cut from almost one-half to almost one-quarter. This
represents from 5,000 to 100,000 lives saved.

DISCUSSION

Approximate Analytical Formulas Versus 
Stochastic Simulation

Our approach of deriving approximate analytical for-
mulas for the number of casualties is complementary to
the detailed stochastic simulation study reported in Bac-
cam and Boechler.1 We view both as valuable, with their
own strengths and weaknesses. Our approach is less ac-
curate, cannot accommodate some detailed and com-
plicated assumptions used in a simulation model, and
cannot quantify the uncertainty (e.g., 95% confidence in-
tervals) in outcomes for a given set of parameter values.
However, the simplicity of our model makes it more
transparent to policymakers.

TABLE 3. RESULTS FOR THE POST A�POSTV POLICY

Time of Time to Fraction of Casualties Casualties Casualties Casualties
Vaccine Antibiotic Distribute Infected Who Slope � 0.7 Slope � 0.7 Slope � 1.82 Slope � 1.82
Efficacy Initiation Antibiotic Are Casualties Protect � 10 Protect � 50 Protect � 10 Protect � 50

0.8 2 days 2 days 0.095 29,711.9 19,539.4 11,008.7 7936.
0.8 2 days 6 days 0.167 52,214.8 34,337.9 19,346.4 13,946.5
0.8 2 days 10 days 0.271 84,915.2 55,842.6 31,462.4 22,680.8
0.8 3.5 days 2 days 0.131 41,036. 26,986.4 15,204.5 10,960.7
0.8 3.5 days 6 days 0.233 73,112.3 48,080.7 27,089.3 19,528.2
0.8 3.5 days 10 days 0.343 107,278. 70,549.1 39,748.2 28,653.9
0.8 5 days 2 days 0.199 62,271.6 40,951.6 23,072.6 16,632.7
0.8 5 days 6 days 0.314 98,325.3 64,661.5 36,431.1 26,262.6
0.8 5 days 10 days 0.419 131,128. 86,233.5 48,585. 35,024.2
0.9 2 days 2 days 0.086 26,765.9 17,602. 9917.1 7149.1
0.9 2 days 6 days 0.158 49,502.8 32,554.4 18,341.6 13,222.2
0.9 2 days 10 days 0.264 82,543.2 54,282.8 30,583.6 22,047.2
0.9 3.5 days 2 days 0.122 38,207.7 25,126.5 14,156.6 10,205.2
0.9 3.5 days 6 days 0.226 70,617.6 46,440.1 26,164.9 18,861.9
0.9 3.5 days 10 days 0.336 105,139. 69,142.2 38,955.6 28,082.5
0.9 5 days 2 days 0.191 59,664.2 39,236.9 22,106.5 15,936.3
0.9 5 days 6 days 0.307 96,092.8 63,193.4 35,603.9 25,666.3
0.9 5 days 10 days 0.413 129,237. 84,989.7 47,884.2 34,519.

The last four columns give the number of casualties for the four scenarios described in Table 1.



Interestingly, the quantitative results for the two mod-
els are virtually indistinguishable (see Figure 2 of Bac-
cam and Boechler1). The analytical model also can pro-
vide insights that are difficult to obtain via simulation. A
key analytical insight from Craft et al.3 is that the number
of casualties is nearly linear in the number of infected
people—that is, the fraction of infected people who are
casualties is nearly a constant. This linearity holds for the
models in our earlier studies,2,3 in which aggressive med-
ical treatment can save symptomatic people before they
enter the fulminant phase, because the medical care facil-
ities would be overwhelmed in a modest or large attack
and would save a negligible fraction of infected people.

In the present model, medical intervention does not re-
duce the number of casualties, and the linearity between
the number of casualties and the number of infected peo-
ple is more obvious. Nonetheless, within the AMWG,
this result led the policymakers to decompose the threat
assessment and consequence management aspects of the
problem and to focus on how the management levers af-
fect the fraction of infected people who are casualties,
rather than the number of casualties. Because of the huge
uncertainty in the magnitude of an attack (e.g., it depends
on terrorists’ capabilities and the weather), this decompo-
sition led to more focused, and less political, discussion
within the Working Group.

We conclude this article by addressing some of the key
policy issues pertaining to vaccine use that are informed
by our model. The previous discussion notwithstanding,
some of these issues depend critically on the likelihood
of a future attack of the size assumed in this article.

While it is nearly impossible to support different scenar-
ios with strong evidence, we note that some of the De-
partment of Health and Human Services members of the
AMWG insisted that we use the Harper-Kaufmann sce-
narios, which arose out of an earlier government-funded
project. We conclude from this that there are at least
some bioterror experts within the government who be-
lieve that an attack of the assumed size is not out of the
realm of possibility.

Should Prevaccinated People Receive Postattack
Prophylactic Antibiotics?

If the prevaccinated receive no postattack prophylaxis,
then there is a tradeoff between logistics (those getting
antibiotics will do so more quickly) and false negatives
(prevaccinated but unprotected people who get infected
will not receive antibiotics until they develop sympto-
matic illness). Hence, if the fraction preimmunized is less
than a critical threshold, then there are fewer casualties if
the prevaccinated do not get antibiotics. If the fraction
preimmunized is greater than this threshold, then there
are fewer casualties if the prevaccinated receive antibiot-
ics. Although we cannot easily compute this critical
threshold with the existing model, the difference in out-
comes between the two policies may be dwarfed by the
mayhem that could result if the prevaccinated insist on
receiving prophylactic antibiotics. One possible way
around this is to somehow give priority in the antibiotics
queue to those who have yet to receive a vaccine, but this
could also be problematic.
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Postattack Vaccination Versus 
No Postattack Vaccination

In the presence of partial drug adherence, postattack
vaccination offers some benefit beyond postattack antibi-
otic prophylaxis, although it would be costly to deliver.
This is consistent with a third paper (in addition to Bac-
cam and Boechler1 and the present paper) that arose out
of the AMWG,10 which shows that postattack vaccina-
tion will help only if drug adherence is low, as it is here
(Table 4). However, the vaccine may need to be adminis-
tered for purposes of reoccupation and remediation. In-
deed, we have recently argued that vaccination needs to
be a critical component of an indoor remediation plan
that is both quick and reasonably reliable.11 Hence, in our
view, the PostA�PostV policy dominates the PostA pol-
icy, and the PreV�PostA�PostV policy dominates the
PreV�PostA policy.

Preattack Vaccination Versus 
Postattack Vaccination

The most challenging and important issue is whether to
deploy the next-generation vaccine when it becomes
available, or wait until an attack occurs. The preattack
versus postattack vaccination decision depends on five
factors: (1) the likelihood of a future attack, (2) the scale
of a future attack, (3) the adverse events (and deaths) that
would be generated by voluntary preattack vaccination,
(4) the cost, and (5) the preattack vaccination coverage.
Before addressing these five factors, let us first note that
there is the possibility that the anthrax strain will be anti-

biotic-resistant (although we have no evidence that inten-
tionally released anthrax might be resistant to antibiotics,
developing an antibiotic-resistant strain appears to be
straightforward12), which would be catastrophic in a rea-
sonably sized attack if there is no preevent vaccination.

Regarding the first factor, we conclude that the likeli-
hood of an attack is nontrivial, given that the 2001 attack
occurred and no one has been apprehended, and given the
interest that terrorists and several nations have taken in
this biological agent.

A second factor is how many casualties would be in-
curred in such an attack. This analysis suggests that
100,000 casualties is within the feasible range, particu-
larly if this is a simultaneous multicity event, although
this is based on the debatable assumption that the attack
sizes in Table 1 are plausible.

Regarding the third factor, it would appear that the
next-generation vaccine should be safer than the small-
pox vaccine;13 we do not yet know whether the adverse
events (e.g., swollen arms) from the anthrax vaccine will
be mitigated in this new vaccine.14

If the vaccine is very safe, then it would appear that the
main downside of preevent vaccination is the fourth fac-
tor, cost, which includes not only the out-of-pocket cost,
but also the opportunity cost with respect to countermea-
sures for both competing bioterror scenarios (since this
may come out of a fixed budget, such as BioShield) and
for naturally occurring diseases such as pandemic in-
fluenza. A cost-effectiveness analysis of anthrax counter-
measures15 concluded that PostA�PostV was the most
cost-effective option if the distribution of countermea-

TABLE 4. PARAMETER VALUES FOR THE MODEL

Parameter Description Value

Median incubation 10.95 days

Dispersion factor of incubation 2.04

Median of early symptomatic phase 1.175 days

Dispersion factor of early symptomatic phase �2�

� Intervention delay 2, 3.5, or 5 days

te � � Time to distribute antibiotics 2, 6, or 10 days

a0, f0 Antibiotic adherence for ai days with probability fi 0 days, 0.1
a1, f1 15 days, 0.15
a2, f2 30 days, 0.25
a3, f3 45 days, 0.25
a4, f4 60 days, 0.25

ev Vaccine efficacy 0.8 or 0.9

� Spore clearance rate 0.07/day



sures was very rapid. However, this analysis did not in-
clude a detailed temporal model of the interaction of anti-
biotics and vaccine (as in earlier studies1,10 and the pres-
ent article). Some of the Department of Health and
Human Services members of the AMWG did not want us
to incorporate costs into the analysis.

Finally, an argument has been made to take the most dan-
gerous bioterror threats off the table.16,17 However, preat-
tack voluntary mass vaccination would be a big step toward
taking this threat off the table and deterring terrorists from
using anthrax only if preattack vaccination coverage is
high. Given the resistance to smallpox vaccination among
front-line workers and the resistance to anthrax vaccination
among the military, in the absence of a large future terrorist
attack, it is possible that the preattack vaccination coverage
would be an order of magnitude lower than the 50% and
80% figures considered here. Moreover, even if several
cities achieved high coverage, terrorists could choose other
cities to attack.18 Taken together, although the preattack
vaccination of the next-generation vaccine may be capable
of greatly mitigating the threat at a large financial cost, the
biggest barrier may not be cost but public acceptance.

How Much Vaccine Should Be Made?

Whether or not there is voluntary preattack vaccination,
we will need enough vaccine stockpiled to perform postat-
tack vaccination: We do not want the bottleneck for reoc-
cupation to be unavailability of the vaccine. Moreover, if
an attack of this magnitude occurs, then it is quite plausible
that the terrorists will have the capacity to “reload,” or to
carry out a campaign of attacks.16,19 Even if the culprits are
caught, it seems likely that the public—in the target city as
well as throughout the country—will demand voluntary
vaccination before the next attack. Hence, it is conceivable
that the total demand during and after a large attack could
be 100 to 200 million people. Project BioShield legislation
calls for the stockpiling of enough vaccine for 25 million
people.20 Given the immense cost of the vaccine and its
limited shelf life, the most reasonable approach may be to
ensure surge postattack capacity to quickly manufacture
enough vaccine for another 100 million people.
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APPENDIX

We combine the analysis of a similar anthrax response
model in an earlier study3 with the competing risks analy-
sis in Brookmeyer and Johnson21 to evaluate the two post-
exposure policy options: policies PostA and PostA�PostV.
Let X1 and X2 denote the random duration of the incubation
period and the early symptomatic period, respectively, and
let f1(t) and f2(t) be the corresponding probability density
functions and F1(t) and F2(t) denote the corresponding cu-
mulative distribution functions. Also, let TS denote the ran-
dom time that a typical infected person receives antibiot-
ics. By equation (43) in Reference 3, TS � U[�,te], i.e., TS

has a uniform distribution that ranges from � to te. If we let
ea denote the probability that antibiotics are successful at
preventing progression to the intermediate disease stage
(ea will be investigated more thoroughly later in this sec-
tion), then by equation (66) of Reference 3, the fraction of
infected people who are casualties is given by

� P(X1 � X2 � TS) � (1 � ea)P(X1 � X2 � TS),

� 1 � ea �1 � �, (1)

where C is the number of casualties and I is the number
of infected people.

Substituting the values from Table 3 into this equation
gives the simple linear equations (the values for � and
te � � are in days)

1 � 0.991ea if � � 2, te � � � 2;

1 � 0.912ea if � � 2, te � � � 6;

1 � 0.798ea if � � 2, te � � � 10;

C
1 � 0.951ea if � � 3.5, te � � � 2;

� 1 � 0.839ea if � � 3.5, te � � � 6; (2)I
1 � 0.719ea if � � 3.5, te � � � 10;

1 � 0.877ea if � � 5, te � � � 2;

1 � 0.751ea if � � 5, te � � � 6;

1 � 0.636ea if � � 5, te � � � 10.

The remainder of the Appendix is devoted to deriving
an approximate expression for the antibiotic efficacy ea

⎧
⎪
⎪
⎪
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎪
⎪
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f1(t)F2(s � t)dt ds
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C
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for the two postexposure policy options. There are two
key steps in the approximation, both of which are made
for purposes of analytical tractability (although the latter
is also made for lack of data): We ignore the interperson
variability in antibiotic distribution time and consider a
typical person whose antibiotic delivery time is the mean
of the uniform distribution, and we ignore the interperson
variability in infectious dose and consider a typical per-
son who inhales the ID50. We suspect that the accuracy of
our resulting estimates is due to the fact that both of these
probability distributions (antibiotic distribution time and
infectious dose) are symmetric about their mean.

It is important to review the timing of events. Let us
first consider a typical person under policy PostA and as-
sume the attack happens on (i.e., at the beginning of) day
0. Assuming an intervention delay of � days, and assum-
ing it takes te � � days to distribute antibiotics, this typi-

cal person will start antibiotics on day � � 	
te�

2
�

	 �

	
� �

2
te	. As described earlier, 10% of the people will not 

take antibiotics, and 15%, 25%, 25%, and 25% will stop tak-
ing antibiotics after 15, 30, 45, and 60 days, respectively.

According to the competing risks model in Reference
21, spores are cleared from the lung at rate � � 0.07/day,
and someone who receives the dose of ID100p and who is
protected (via antibiotics and/or vaccine) from day t1 to
day t2 and from day t3 onwards, will not progress to the
intermediate disease stage with probability

(1 � p)(1�e��t1�e��t2�e��t3)). (3)

We now describe how to combine this result with our
previous work. First, we plan to replace the antibiotic
prophylactic efficacy ea in Equation 1 by the probability
(as predicted by the competing risks model) that an in-
fected person who starts antibiotics while in the pre-
symptomatic or early symptomatic phase (and may re-
ceive a postexposure vaccination) does not progress to
the intermediate stage. To do that, we must focus on the
people who get their antibiotics before developing symp-
toms; that is, we must condition on the fact that these
people got their antibiotics before reaching the interme-
diate disease stage. Consequently, since a typical person 

starts antibiotics on day 	
� �

2
te	, we subtract 	

� �

2
te	 days 

for the true values of t1, t2, and t3 in Equation 3. More-
over, we have to apply Equation 3 for each subset of the
population, according to how long they adhere to their
antibiotic regimen. Finally, note that the quantity in
Equation 3 depends on the inhaled dose ID100p. To get the
exact fraction of people who get disease after their antibi-
otics are finished requires detailed knowledge of every-
one’s dose, which is not provided in the Harper-Kauf-

mann model. Hence, we simply substitute p � 0.5, and
consider this probability for someone who inhales the
ID50. Our resulting estimate for the antibiotic efficacy for
policy PostA is

ea � �
4

i�1
fi (0.5)e��ai � 0.837, (4)

where (f1, f2, f3, f4) � (0.15, 0.25, 0.25, 0.25) and (a1, a2, a3,
a4) � (15, 30, 45, 60) days are the probabilities and dura-
tions for drug adherence (see Table 3). Equations 2 and 4
can be combined to give an estimate for the fraction of in-
fected people who are casualties under policy PostA. Mul-
tiplying this fraction times the number of people infected in
Table 1 gives an estimate for the number of casualties.
These estimates are given in Table 4 and Figure 1.

Now consider a typical person under policy
PostA�PostV. We assume that vaccine administration
begins 5 days after the attack. Further assuming that it
takes 7 days to distribute each of the two vaccine doses to
the entire population, this typical person will get his two
vaccine doses on days 8.5 and 22.5. We assume that pro-
tective immunity takes hold on day 29.5 for 50% of the
successfully vaccinated people (where the vaccine effi-
cacy is either 0.8 or 0.9), and day 36.5 for the other 50%.

As above, this person will start antibiotics on day 	
� �

2
te	

and will have random drug adherence. Summing up over
all the different possible outcomes, we get

ea � (1 � ev) � �
4

i�1
fi(0.5)e��ai� �

�(0.1)0.5(1�e�25.5�) � (0.15)0.5(e�15.5��e�25.5�) � 0.75�
� �(0.1)0.5(1�e�32.5�) � (0.15)0.5(e�15��e�32.5�)

� (0.25)0.5(e�30��e�32.5�) � 0.5�, (5)

which reduces to

ea �
0.9135 if ev � 0.8;

0.9230 if ev � 0.9. (6)

Combining Equation 6 with Equation 2 gives the number
of casualties appearing in Table 3 and Figure 1.
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